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MEDICAL SENSOR AND TECHNIQUE FOR USING THE SAME

1. Technical Field

The present invention relates generally to medical devices and, more particularly,

to sensors used for sensing physiological parameters of a patient.

2. Background Art

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 undefstanding 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.

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 characteristics of a patient. 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 modern medicine.

Physiological characteristics that physicians may desire to monitor include
constituents of the blood and tissue, such as oxygen and carbon dioxide. For example,

abnormal levels of carbon dioxide in the blood may be related to perfusion problems.
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Thus, assessment of carbon dioxide levels may' be useful for diagnosing a variety of
clinical states related to the circulation. Carbon dioxide and other blood constituents may
be directly measured by taking a blood sample, or may be indirectly measured by assessing‘
the concentration of those constituents in the tissue or respiratory gases. For example,
carbon dioxide in the bloodstréam equilibrates rapidly with carbon dioxide in the lungs,
and the partial pressure of the carbon dioxide in the lungs approaches the amount in the
blood during each breath. Accordingly, physicians often monitor respiratory gases during

breathing in order to estimate the carbon dioxide levels in the blood.

However, estimation of carbon dioxide by respiratory gas analysis has certain
disadvantages. It is often inconvenient to measure carbon dioxide in sarhples collected
from an intubation tube or cannula. Although these methods are considered to be
noninvasive, as the surface of the skin is not breached, the insertion of such devices may
cause discomfort for the patient. Further, the insertion and operation of such devices also

involves the assistance of skilled medical personnel.

Carbon dioxide in the blood that diffuses into the tissue may also be measured
transcutaneously by sensors placed against a patient’s skin. While these sensors are easier
to use than respiratory gas sensors, they also are associated with certain disadvantages.
For example, these sensors may operate by capturing a volume of carbon dioxide gas as it
dissolves out of the skin. Thus, such sensors may involve a certain time delay before a
sufficient gas volume has been captured. Other such sensors may operate by measuring

carbon dioxide that diffuses into mucosal secretions. However, such secretions may also
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contain trace amounts of carbon dioxide from the environment, which may interfere with

tissue carbon dioxide measurements.

DISCLOSURE OF INVENTION
Certain aspects commensurate in scope with the originally claimed invention are
set forth below. It should be upderstood that these aspects are presented merely to provide
the reader with a brief summary of certain forms of 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.

There is provided a sensor that includes: a sensor body adapted for use associated
with a patient’s\tissue; an emitter disposed on the sensor body, wherein the emitter is
adapted to emit at least one wavelength of light between 4200nm and 4350nm; and a
detector disposed on the sensor body, wherein the detector is adapted to detect the
wavelength of light, and wherein the emitter and the detector are adapted to have an

optical distance of 200 micrometers or less.’

There is provided a system that includes: a monitor; and a sensor adapted to be
coupled to the monitor, the sensor including: a sensor body adapted for use associated with
a patient’s tissue; an emitter disposed on the sensor body, wherein the emitter is adapted to
emit at least one wavelength of light between 4200nm and 4350nm; and a detector disposed
on the sensor body, wherein the detector is adapted to detect the wavelength of light, and
wherein the emitter and the detector are adapted to have an optical distance of 200

micrometers or less.
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There is provided a method of calculating dissolved carbon dioxide that includes:
emitting a light between 4200nm and 4350nm into a tissue with an emitter; detecting the
light with a detector that is 200 micrometers or less from the emitter; sending a signal
related to the detected light to a processor; and determining a concentration of dissolved

S carbon dioxide in the tissue

There is provided a method of manufacturing a sensor that includes: providing a
sensor body adapted for use associated with a patient’s tissue; providing an emitter
disposed on the sensor body, wherein the emitter is adapted to emit at least one wavelength

10  of light between 4200nm and 4350nm; and providing a detector disposed on the sensor
body, wherein the detector is adapted to detect the wavelength of light, and wherein the

‘emitter and the detector are adapted to have an optical distance of 200 micrometers or less.

BRIEF DESCRIPTION OF DRAWINGS

15 Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:

Fig. 1 is a graph of the infrared spectra of dissolved carbon dioxide;

" Fig. 2 illustrates a perspective view sensor for detection of carbon dioxide

according to the present invention;

20 Fig. 3 illustrates a patient using the sensor of Fig. 2;
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Fig. 4 is a cross-sectional view of the sensor of Fig. 2 applied to a patient;

Fig. 5 illustrates an alternative embodiment of a transmission-type microneedle

sensor according to the present techniques;

Fig. 6 illustrates an exemplary fiber optic microneedle sensor according to the

5  present techniques;
Fig. 7 is a block diagram of the fiber optic microneedle of Fig. 6;

Fig. 8 illustrates an alternate embodiment of a fiber optic microneedle sensor that

also includes optical elements for pulse oximetry sensing;

Fig. 9 illustrates a physiological constituent detection system coupled to a multi-

10  parameter patient monitor and a sensor according to embodiments of the present invention;

and
Fig. 10 is a block diagram of the sensor and physiological constituent detection
system.
MODES FOR CARRYING OUT THE INVENTION
15 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
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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.

A sensor and/or sensing system is provided herein that may assess a tissue
constituent content with a sensing component that is adapted to provide an optical signal
related to the tissﬁe constituent. For example, carbon dioxide and other constituents in the
bloodstream may diffuse into the tissue and may dissolve into the tissue cells and the
interstitial fluid. Thus, the levels of dissolved carbon dioxide in the tissue may serve as a
surrogate markef for carbon dioxide levels in the bloodstream. Carbon dioxide levels in

the tissue and/or bloodstream may be useful in assessing a variety of clinical states.

A sensor according to the i)resent techniques placed proximate to and/or slightly
beneath a tissue surface may optically sense and measure carbon dioxide that is still
diffused, i.e. dissolved, in the tissue. Such a sensor may provide a noninvasive or
minimally invasive technique for determining levels of dissolved carbon dioxide in the
tissue. Further, the spectroscopic sensors herein provide a relatively low-noise, low-
artifact signal that may be easily processed with minimal filtering in order to provide

information related to dissolved carbon dioxide in the tissue.
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Sensors as provided herein may spectroscopically distinguish dissolved carbon
dioxide from other t'.issue constituents, including water, at unique wavelengths in the
infrared spectrum. Fig. 1 depicts the absorption spectra of water, carbonated water, and
water in a gaseou; carbon dioxide environment. As depicted, gaseous carbon dioxide
exhibits vibration in the mid infrared region of the spectrum with a doublet peak centered
around 4340nm that is distinguishable from water absorption at this wavelength. Further,
carbon dioxide dissolved in liquid vibrates as a singlet peak that is sharper than the
gaseous carbon dioxide doublet peak and is also distinguishable from water absorption.
The dissolved carbon dioxide singlet absorption peak is centered generally about 4267 nm.
As the carbon dioxide that is p;evsent in the tissue is almost completely in the form of
dissolved carbon dioxide, the contribution of gaseous carbon dioxide to any tissue
measurement may be negligible. Thus, in order to determine the concentration of
dissolved carbon dioxide, wavelengths between 4200nm and 4350nm may be used to
spectroscopically probe a tissue of interest and distinguish carbon dioxide from water or

other tissue constituents.

Generally, it is envisioned that sensors according to the present techniques are
appropriate for use in determining the presence or levels of tissue constituents in a variety
of tissues. The sensor may be placed against the tissue, either manually, mechanically,
adhesively, or otherwise. The sensors provided herein may be used on any appropriate
patient skin surface or tissue, including mucosal and nonmucosal tissues. For example, a
sensor may be used in the upper respiratory tract or the gastrointestinal tissue, including
the oral and nasal passages. These passages may include the tongue, the floor of the

mouth, the roof of the mouth, the soft palate, the cheeks, the gums, the lips, the esophagus
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and any other respiratory or gastrointestinal tissue. Further, a sensor as described herein is
appropriate for use adjacent to or proximate to any mucosal surface, i.e., patient surfaces
that include a mucous membrane or surfaces that are associated with mucus production. In
addition to the respiratory tract, mucosal surfaces may include vaginal, rectal, or
gastrointestinal surfaces. Sensors as provided herein may also be used to assess carbon
dioxide in a patient internal organ. Other appropriate sensor placement sites may include a

patient’s digit or forehead.

Sensors as provided by the present techniques may be disposable, reusable, or
partially disposable. In addition, the sensors may be appropriate for short-term or for
longer-term monitoring. When used for long-term monitoring, the sensor may be applied
to the patient’s tissue either by mechanical élamping or by a suitable adhesive, such as a
mucoadhesive, or by any other suitable holding device, such as a clip. Further, the sensors
provided herein may be used in conjunction with any suitable medical device; including a

catheter, an endotracheal tube, a stent, a probe, a feeding tube, or an intravenous tube.

An exemplary sensor 10A appropriate for use for assessing dissolved carbon
dioxide in the tissue is shown in Fig. 2. Fig. 2 illustrates an exemplary reflectance-type
bandage sensor appropriate for use on a patient digit. The sensor 10A may have an emitter
12 and a detector 14 disposed on a sensor body 16, which may be made of any suitable
material, such aé polymers, foam, woven material, or paper. In the depicted embodiment,
the emitter 12 and a detector 14 are coupled to a cable 20 by a pair of wire leads 18 that are
responsible for transmitting electrical and/or optical signals to and from the emitter 12 and

detector 14 of the sensor 10A. The cable 20 may be permanently coupled to the sensor
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10A, or it may be removably coupled to the sensor 10A -- the latter alternative being more

useful and cost efficient in situations where the sensor 10A is disposable.

As depicted, the sensor 10A is reflectance-type sensor that may operate by emitting
light into the tissue and detecting the light that is transmitted and scattered by the tissue.
Accordingly, the emitter 12 and detector 14 are typically placed on the same side of the
sensor site. For example, a reﬂectancg type sensor may be placed on a patient’s fingertip
or forehead such that the emitter 12 and detector 14 lie side-by-side. Reflectance type
sensors detect light photons that are scattered back to the detector 14. A sensor 10 may
also be a "transflectance" sensor, such as a sensor that may subtend a portion of a baby's
heel. During operation, the emitter 12 shines one or more wavelengths of light through the
sensor site and the light received by the detector 14 is processed to determine various
physiological characteristics of the patient, such as the amount of dissolved carbon dioxide
in the tissue. In each of the embodiments discussed herein, it should be understood that

the locations of the emitter 12 and the detector 14 may be exchanged. In either

arrangement, the sensor will perform in substantially the same manner.

Fig. 3 illustrates the placement of the sensor 10A on a buccal surface in order to
assess carbon dioxide dissolved in the tissue or interstitial fluid. The sensor 10A may be
inserted into the oral passage and placed adjacent to a mucosal tissue. The sensor 10A
may be suitably sized and shaped such that a patient may easily close his or her mouth
around the cable 20 with minimal discomfort. The sensor 10A may be adapted to be held
against the cheek or any other mucosal tissue. Because the mucosal tissue is an aqueous

environment, in certain embodiments, a sensor 10A may include materials that function as
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a barrier layer that are hydrophobic or otherwise water-resistant. For example, a barrier
layer may form a contact surface of the sensor 10A that prevents water from entering the
sensor 10A and interfering with the sensing components. If such a barrier is disposed on
the sensor such that the emitter 12 and the detector 14 are substantially covered, the barrier
should be optically transparent to the wavelengths emitted by the emitter 12. Suitable
materials include polymers, such as polytetrafluorethylene (PTFE). Other suitable
materials include microporous polymer films, such as those available from the Landec

Corporation (Menlo Park, CA).

A cross-sectional view of the sensor 10A is shown in Fig. 4. The sensor body 16 is
formed to provide a surface that is suitably shaped to be secured against a mucosal tissue
18. In order to capture carbon dioxide measurements in the infrared range while avoiding
interference from water absorption, the emitter 12 and detector 14 typically may have an
optical distance of 200 micrometers or less. Because light in the infrared range is very
strongly absorbed by water in the tissue, using a small optical distance prevents the light
originating from the emitter 12 from being completely absorbed by water in the tissn;e prior
to reaching the detector 14. The longer the optical distance (i.e. the greater the distance
that the light travels through the tissue), the smaller the optical signal that reaches the
detector 14, until the optical distance reaches a certain length threshold at which point
substantially none of the emitted light reaches the detector 14. Thus, by limiting the
distance that the light travels, the signal related to the dissolved carbon dioxide is generally
preserved. The contribution of water absorption to the total absorption may be subtracted

by a downstream medical device, discussed below.
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Because the sensor 10A is in a reflectance configuration, the light originating from
the emitter 12 first travels into the tissue and is refracted before impinging on the detector
14. For reflectance sensors, the light that passes through the tissue and is related to the
carbon dioxide levels does not travel directly from the emitter 12 to the detector 14 by the
shortest geometric path, but instead travels in a substantially V-shaped configuration
through the tissue, as indicated schematically in Fig. 4. The optical distance for such a
configuration is the geometric length of the V-shaped path the light follows from the
emitter 12 to the detector 14. In order to have an optical distance of 200 micrometers or
less, the emitter 12 and detector 14 may be placed less than 100 micrometers apart on the

sensor body 16.

In a “transmission type sensor” the emitter 12 and detector 14 are typically placed
on opposing sides of the sensor site. As noted above, the positions of the emitter 12 and.
the detector 14 may be exchanged in a transmission type sensor. The optical distance
between the emitter 12 and the detector 14 in a transmission type sensor is the shortest
geometric path between them. Thus, in order to maintain an optical distance of 200
micrometers or less, the emitter 12 and detector 14 should be 200 micrometers or less

apart.

An exemplary transmission type sensor 10B is shown in Fig 5. As a transmission
type sensor generally holds tissue between the emitter 12 and detector 14, the sensor body
22 may assume a configuration sfmilar to a two-tined prong that may be inserted a small
distance into the tissue. The tines 24 may be pointed or sharp to facilitate insertion into

the skin. Generally, in order to maintain a substantially fixed optical distance between the
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emitter 12 and detector 14, the tines 24 may be made of a substantially rigid material, such
as a metal or plastic. The tines may be suitably sized and shaped to accommodate an
emitter 12, detector 14, and leads 18 that may carry signals to and/or from the sensing
components. In an alternative configuration (not shown), the sensor 10B may be
configured like a caliper in order to pinch a sufficiently small amount of skin between the
emitter 12 and detector 14 to maintain a suitable optical distance between them. Such a

configuration may avoid insertion of the sensor 10B into the skin.

In a specific embodiment, it may be advantageous to use fiber optic sensing
elements coupled to the emitter 12 and the detector 14 because they may be configured to
have very small optical distances. Thus, the emitter 12 and detector 14 may be in the
configuration of a fiber optic bundle with multiple emitting and detecting fibers that are
configured to shine light into the tissue. Fiber optic sensing elements may be used on the
surface of the skin or in a minimally structure, such as a microneedle, discussed below.
Fiber optic sensing elements may be conventional optical fibers having a light transmitting
fiber core that is transparent in the mid-infrared range, such as a silver halide,
chalcogenide, or fluoride fiber (available from IR Photonics). The fibers may also include
a cladding layer (not shown) for preventing or restricting transmission of light radially out
of the core, and a protective outer or buffer layer (also not shown). The emitter 12 may
also include coupling optics, such as a microscope objective lens, for transmitting light
into the fiber. The separation distance between emitting fibers and the detectilng fibers
may be up to 200 micrometers. Such an arrangement may be achieved by using optical

fibers with diameters of up to 200 micrometers.
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Alternatively, a sensor may include a microneedle structure to allow minimally
invasive insertion of a sensor into the skin. Figs. 6 and 7 illustrate an exemplary fiber
optic sensor 10C. The sensor body 16 includes a fiber optic microneedle 30 that may be
inserted a short distance into a patient’s tissue. As illustrated in Fig. 7, one end of the fiber
optic microneedle 30 is connected to an emitter 12. The microneedle 30 is also connected
to a detector 14 for detecting the light transmitted through the microneedle 30. The
separation distance between emitting fiber and the detecting fiber may be up to 200
micrometers. Such an arrangement may be achieved by using optical fibers with diameters
of up to 200 micrometers. Such a configuration may provide the advantage of a small,
minimally invasive structure that may pierce through the tough outer layers of a patient’s
epidermis to access the perfused dermal tissue beneath the epidermis in order to assess the
carbon dioxide levels. The miéroneedle 30 may thus be sufficiently loﬁg to traverse the
epidermis. The sensor 10C may be advantageous for use on both mucosal and nonmucosal

tissue.

In an alternative embodiment, a dual-function sensor 10D is depicted in Fig. 8 that
includes a secondary emitter 32 and a secondary detector 34 in addition to a microneedle
30. Such a sensor 10D may simultaneously assess different physiological constituents.
For example, the secondary emitter 32 and the secondary detector 34 may be adapted
assess a blood oxygen level while the microneedle 30 is adapted to assess dissolved carbon
dioxide. Alternatively (not shown), the microneedle 30 may also include secondary
emitters and detectors that are adapted to emit and detect light that is related to a blood

oxygen level.
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The exemplary sensors, described here generically as a sensor 10, may be coupled
to a monitor 64 that may display the concentration of ‘tissuc constituents as shown in Fig.
9. Tt should be appreciated that the cable 66 of the sensor 10 may be coupled to the
monitor 64 or it may be coupled to a transmission device (not shown) to facilitate wireless
transmission between the sensor 10 and the monitor 64. The monitor 64 may be any
suitable monitor 64, such as those available from Nellcor Puritan Bennett, Inc.
Furthermore, to upgrade conventional tissue constituent detection provided by the monitor
64 to provide additional functions, the monitor 64 may be coupled to a multi-parameter

patient monitor 68 via a cable 70 connected to a sensor input port or via a cable 72

connected to a digital communication port.

In certain embodiments, the sensing component may include optical components,
e.g. an emitter 12 and detector 14 pair that may be of any suitable type. For example, the
emitter 12 may be one or more light emitting diodes adapted to transmit one or more
wavelengths of light in the mid-infrared range, and the detector 14 may one or more
photodetectors selected to receive light in the range or ranges emitted from the emitter.
Alternatively, an emitter may also be a laser diode or a vertical cavity surface emitting
laser (VCSEL). An emitter 12 and detector 14 may also include optical fiber sensing
components. An emitter 12 may include a broadband or "white light" source, in which
case the detector 14 could include any of a variety of elements for selecting specific
wavelengths, for example reflective or refractive elements or interferometers. These kinds
of emitters 12 and/or detectors 14 would typically be coupled to the rigid or rigidified
sensor 10 via fiber optics. Alternatively, a sensor 10 may sense light detected from the

tissue is at a different wavelength from the light emitted into the tissue. Such sensors may
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be adapted to sense fluorescence, phosphorescence, Raman scattering, Rayleigh scattering
and multi-photon events or photoacoustic effects. It should be understood that, as used
herein, the term “light” may refer to one or more of ultrasound, radio, microwave,
millimeter wave, infrared, visible, ultraviolet, gamma ray or X-ray electromagnetic
radiation, and may also include any wavelength within the radio, microwave, infrared,

visible, ultraviolet, or X-ray spectra.

Fig. 10 is a block diagram of one embodiment of a patient monitor 100 that may be
configured to implement the embodiments of the present invention. Light from emitter 12
passes into a blood perfused tissue 112, and is scattered and detected by detector 14. The
sensor 10 is connected to a patient monitor 100. The monitor 100 includes a
microprocessor 122 connected to an internal bus 124. Also connected to the bus are a
RAM memory 126 and a display 128. A time processing unit (TPU) 130 provides timing
control signals to light drive circuitry 132 which controls when the emitter 12 is
illuminated, and if multiple light sources are used, the multiplexed timing for the different
light sources. TPU 130 also controls the gating-in of signals from detector 14 through an
amplifier 133 and a switching circuit 134. These signals are sampled at the proper time,
depending upon which of multiple light sources is illuminated, if multiple light sources are
used. The received signal from the detector 14 and the contact sensor 12 may be passed
through an amplifier 136, a low pass filter 138, and an analog-to-digital converter 140.
The digital data is then stored in a queued serial module (QSM) 142, for later downloading
to RAM 126 as QSM 142 fills up. In one embodiment, there may be multiple parallel
paths of separate amplifier, filter and A/D converters for multiple light wavelengths or

spectra received.
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A sensor 10 containing an emitter 12 and a detector 14 may also contain an encoder
116 that provides signals indicative of the wavelength of light source 12 to allow the
monitor to select appropriate calibration coefficients for calculating dissolved carbon
dioxide concentration. The encoder 116 may, for instance, be a coded resistor, EEPROM
or other coding devices (such as a capacitor, inductor, PROM, RFID, a barcode, paréllel
resonant circuits, or a colorimetric indicator) that may provide a signal to the processor
122 related to the characteristics of the sensor 10 that may allow the processor 122 to
determine the appropriate calibration characteristics for the sensor 10A. Further, the
encoder 116 may include encryption coding that prevents a disposable part of the sensor 10
from being recognized by a processor 122 that is not able to decode the encryption. Such
encryption coding is described in U.S. Patent No. 6,708,049, which is hereby incorporated

by reference in its entirety.

Based on the value of the received signals corresponding to the light received by
detector 14, microprocessor 122 will calculate the carbon dioxide concentration using
various algorithms. These algorithms utilize coefficients, which may be empirically
determined, corresponding to, for example, the wavelengths of light used. These are
stored in a ROM 146. In a two-wavelength system, the particular set of coefficients
chosen for any pair of wavelength spectra is determined by the value indicated by the
encoder 116 corresponding to a particular light source in a particular sensor 10. For
example, the first wavelength may be a carbon dioxide signal wavelength, and the second
wavelength may be a water correction wavelength. In one embodiment, multiple resistor
values may be assigned to select different sets of coefficients. In another embodiment, the

same resistors are used to select from among the coefficients appropriate for an infrared
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source paired with either a near red source or far red source. The selection between
whether the wavelength sets can be selected with a control input from control inputs 154.
Control inputs 154 may be, for instance, a switch on the monitor, a keyboard, or a port
providing instructions from a remote host computer. Furthermore, any number of methods
or algorithms may be used to determine carbon dioxide levels, oxygen saturation or any

other desired physiological parameter.

The monitor 100 may be configured to receive signals from the sensor 10 related to
a physiological constiﬁent in order to calculate a calibrated carbon dioxide. For example,
the emitter 12 may include one or more emitters configured to emit a reference wavelength
useful for calculating the effects of light absorption not r¢lated to dissolved carbon dioxide
in the tissue. At mid infrared wavelengths, the contribution of water to the total absorption
may be calculated and corrected by using a reference wavelength. For example, water
abéorption, such as at wavelengths between 3500nm-4100nm or 4400nm-4500nm, may be
used as a reference to calculate the total contribution of water absorption to the spectrum.
Alternatively, a spectral difference may be calculated using a control such as pure water in
order to subtract the spectral contribution of water. Although dissolved carbon dioxide
absorpfion may be distinguished from water absorption at certain mid infrared
wavelengths, in certain embodiments, it may be advantageous to correct for the
contribution of water absorption to the total absorption in order to obtain a corrected
absorption for dissolved carbon dioxide. In other embodiments, it may be advantageous to
use hemoglobin absorption as a reference, either instead of or in addition to a water
reference. Hemoglobin absorption may be in the 600-1100nm range. After calculating a

calibrated carbon dioxide level, a processor 122 may instruct the display 128 to display a
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message related to the carbon dioxide levels. The message may be a numerical carbon
dioxide level. Additionally, a message may include an audio and/or visual alarm if the
carbon dioxide level is greater than or less than an empirically determined threshold. A
message may also be a text indicator, such as “CARBON DIOXIDE WITHIN NORMAL

RANGE.”

Further, the monitor 100 may be configured to receive information about the
ambient environment of the sensor 10 from environmental sensors (not shown). Such
information may be processed by the processor 122 and may be useful for correcting the
carbon dioxide calibration curves for a particular patient. Examples of environmental
sensors that may provide information that may be incorporated into a carbon dioxide level
calculation include patient temperature sensors, skin pH sensors, atmospheric pressure

sensors, and carbon dioxide partial pressure sensors.

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
techniques may not only be applied to measurements of carbon dioxide, but these
techniques may also be utilized for the measurement and/or analysis of other tissue and/or
blood constituents. 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. It will be appreciated by those working in the art that sensors fabricated

using the presently disclosed and claimed techniques may be used in a wide variety of
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contexts. Tha; is, while the invention has primarily been described in conjunction with the
measurement of carbon dioxide concentration in the tissue, the sensors fabricated using the
present method may be used to evaluate any number of sample types in a variety of
industries, including fermentation technology, cell culture, and other biotechnology

applications.
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CLAIMS

1. A sensor comprising:
a sensor body adapted for use associated with a patient’s tissue;
an emitter disposed on the sensor body, wherein the emitter is adapted to emit at least
5 one wavelength of light between 4200nm and 4350nm; and
a detector disposed on the sensor body, wherein the detector is adapted to detect
the wavelength of light, and wherein the emitter and the detector are

adapted to have an optical distance of 200 micrometers or less.

10 2. The sensor, as set forth in claim 1, wherein the emitter comprises at least one

light emitting diode.

3. The sensor, as set forth in claim 1, wherein the detector comprises at least one
photodetector.
4, The sensor, as set forth in claim 1, wherein the at least one wavelength of

15  light is 4327 nanometers.

5. The system, as set forth in claim 1, comprising a calibration element
adapted to provide at least one signal related to at least one physical characteristic of the

Sensor.
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6. The sensor, as set forth in claim S, wherein the calibration element

comprises a coded resistor or an electrically erasable programmable read-only memory.

7. The sensor, as set forth in claim 1, comprising a barrier layer defining at
least part of a surface of the sensor body, wherein the barrier layer is substantially

S5 impermeable to water.

8. The sensor, as set forth in claim 1, wherein the sensor comprises an optical

fiber.

9. The sensor, as set forth in claim 1, wherein the emitter and the detector are

adapted to operate in reflectance mode or transmission mode.

10 10. The sensor, as set forth in claim 1, wherein the sensor comprises a

microneedle.

11. The sensor, as set forth in claim 1, wherein the emitter is adapted to emit a
second wavelength related to a reference signal, and wherein the detector is adapted to

detect the second wavelength.

15 12. The sensor, as set forth in claim 11, wherein the second wavelength related

to a reference signal is between 3500-3600nm.

13. A system comprising: -

a sensor adapted to be coupled to a monitor, the sensor comprising:
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a sensor body adapted for use associated with a patient’s tissue;
an emitter disposed on the sensor body, wherein the emitter is adapted to emit
at least one wavelength of light between 4200nm and 4350nm; and
a detector disposed on the sensor body, wherein the detector is adapted to
5 detect the wavelength of light, and wherein the emitter and the detector are
adapted to have an optical distance of 200 micrometers or less; and

a monitor adapted to calculate dissolved carbon dioxide.

14. The system, as set forth in claim 13, wherein the emitter comprises at least

10  one light emitting diode.

15. The system, as set forth in claim 13, wherein the detector comprises at least

one photodetector.

16. The system, as set forth in claim 13, wherein the at least one wavelength of

light is 4327 nanometers.

15 17. The system, as set forth in claim 13, comprising a calibration element
adapted to provide at least one signal related to at least one physical characteristic of the

sensor.

18. The system, as set forth in claim 17, wherein the calibration element

comprises a coded resistor or an electrically erasable programmable read-only memory.
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19. The system, as set forth in claim 13, comprising a barrier layer defining at
least part of a surface of the sensor body, wherein the barrier layer is sui)stantially

impermeable to water.

20. The system, as set forth in claim 13, wherein the sensor comprises an optical

fiber.

21. The system, as set forth in claim 13, wherein the emitter and the detector are

adapted to operate in reflectance mode or in transmission mode.

22. The system, as set forth in claim 13, wherein the sensor comprises a

microneedle.

23. The system, as set forth in claim 13, wherein the emitter is adapted to emit a
second wavelength related to a reference signal, and wherein the detector is adapted to

detect the second wavelength.

24. The system, as set forth in claim 23, wherein the second wavelength related

to a reference signal is between 3500-3600nm.

25. A method of calculating dissolved carbon dioxide comprising:

emitting a light between 4200nm and 4350nm into a tissue with an emitter;
detecting the light with a detector that is 200 micrometers or less from the emitter;
sending a signal related to the detected light to a processor; and

determining a concentration of dissolved carbon dioxide in the tissue.
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26. The method, as set forth in claim 25, comprising emitting a reference
wavelength with the emitter; and
detecting the reference wavelength.
S
27. A method of manufacturing a sensor, comprising:
providing a sensor body adapted for use associated with a patient’s tissue;
providing an emitter disposed on the sensor bpdy, wherein the emitter is adapted to
emit at least one wavelength of light between 4200nm and 4350nm; and
10 emitter can emit both reference and signal wavelength
providing a detector disposed on the sensor body, wherein the detector is adapted
to detect the wavelength of light, and wherein the emitter and the detector
are adapted to have an optical distance of 200 micrometers or less.
15 28. The method, as set forth in claim 27, wherein providing the emitter comprises

providing at least one light emitting diode.

29. The method, as set forth in claim 27, wherein providing the detector

comprises providing at least one photodetector.

30. The method, as set forth in claim 27, wherein providing the sensor body

20  comprises providing a conformable substrate.
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31. The method, as set forth in claim 27, comprising providing a calibration
element adapted to provide at least one signal related to at least one physical characteristic

of the sensor.

32. The method, as set forth in claim 31, wherein providing the calibration
element comprises providing a coded resistor or an electrically erasable programmable

read-only memory.

33. The method, as set forth in claim 27, comprising providing a barrier layer
defining at least part of a surface of the sensor body, wherein the barrier layer is

substantially impermeable to water.

!

34. The method, as set forth in claim 27, comprising providing an optical fiber

operatively connected to the emitter and the detector.

35. The method, as set forth in claim 27, wherein providing the emitter
comprising providing an emitter adapted to emit a second wavelength related to a
reference signal, and wherein providing the detector comprises providing a detector

adapted to detect the second wavelength.
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