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ABSTRACT

A temperature probe includes a shaft having a distal end, a
proximal end, and a tip disposed at the distal end. The probe
also includes an infrared sensor configured to measure a
temperature of a structure disposed proximate the shaft. The
probe further includes a temperature sensor disposed distal to
the infrared sensor. The temperature sensor is configured to
measure a body cavity temperature of a patient.
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SYSTEMS AND METHODS FOR
DETERMINING PATIENT TEMPERATURE

FIELD OF THE INVENTION

[0001] The present disclosure relates to systems and meth-
ods for temperature determination and, in particular, to sys-
tems and methods of determining a predicted patient tem-
perature.

BACKGROUND OF THE INVENTION

[0002] Measuring patient temperature is a common first
step in diagnosing illnesses. Physicians commonly use a vari-
ety of methods for determining patient temperature includ-
ing, for example, obtaining temperature measurements with a
thermometer. While thermometers utilizing mercury have
been in existence for many years, modern thermometers typi-
cally emiploy one or more electronic sensors configured to
measure patient temperature. Such sensors may take one or
more measurements over a relatively short period of time.
Based on these measurements, the thermometer may generate
a predicted internal and/or core temperature of the patient. In
generating this predicted temperature, the thermometer may
make one or more assumptions regarding the temperature of
the environment in which the thermometer is being utilized.
For example, it is common practice to insert at least a portion
of the thermometer into a cover prior to taking temperature
measurements. Known thermometers may then sense the
ambient temperature, and use this sensed ambient tempera-
ture in determining a patient’s core temperature.

[0003] Determining a patient’s core temperature in this
way may produce inaccurate results. For example, the covers
utilized with such thermometers are often stored in locations
having an ambient temperature different than the ambient
temperature of the examination room, doctor’s office, and/or
other patient temperature measurement locations. As a result,
variations in the temperature of the cover itself may cause
significant error in the patient temperature determination. In
an effort to minimize the effect of such error, modern ther-
mometers may utilize algorithms that estimate this diver-
gence from ambient temperature. Such estimates, however,
may introduce additional error into the patient temperature
determination, thereby reducing the accuracy of such deter-
minations.

[0004] The exemplary embodiments of the present disclo-
sure are directed toward overcoming the deficiencies of
known thermometers described above.

SUMMARY

[0005] In an exemplary embodiment of the present disclo-
sure, a temperature probe includes a shaft having a distal end,
aproximal end, and a tip disposed at the distal end. The probe
also includes an infrared sensor configured to measure a
temperature of a structure disposed proximate the shaft. The
probe further includes a temperature sensor disposed distal to
the infrared sensor. The temperature sensor is configured to
measure a body cavity temperature of a patient.

[0006] In an exemplary embodiment of the present disclo-
sure, a method of determining a predicted patient temperature
includes inserting a temperature probe into a probe cover,
sensing a first temperature with the probe indicative of a
probe cover temperature, and inserting the probe and the
probe cover into a body cavity of a patient. The method also
includes sensing a second temperature with the probe indica-
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tive of a body cavity temperature, and calculating the pre-
dicted patient temperature based on the first and second
sensed temperatures.

[0007] In another exemplary embodiment of the present
disclosure, a method of determining a predicted patient tem-
perature includes inserting a temperature probe into a probe
cover disposed within a storage container, sensing a first
temperature with the probe indicative of a storage container
temperature, and inserting the probe and the probe cover into
a body cavity of a patient. The method also includes sensing
a second temperature with the probe indicative of a body
cavity temperature, and calculating the predicted patient tem-
perature based on the first and second sensed temperatures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a temperature probe according to
an exemplary embodiment of the present disclosure.

[0009] FIG. 2 illustrates a portion of a temperature mea-
surement system according to an exemplary embodiment of
the present disclosure.

[0010] FIG. 3 is a cut away pictorial view of the portion of
the temperature measurement system shown in FIG. 2.

DETAILED DESCRIPTION

[0011] FIG. 1 illustrates an exemplary temperature probe
10 of the present disclosure. The temperature probe 10 may
include, for example, a shaft 18 connected to a handle 20. The
shaft 18 may define a distal end 12 of the temperature probe
10, and the handle 20 may define a proximal end 14 of the
probe 10. The shaft 18 may also define an atraumatic tip 16
disposed at the distal end 12. The tip 16 may be sufficiently
rounded and/or otherwise configured so as not to cause injury
to apatientupon at least partial insertion of the shaft 18 within
one or more body cavities of the patient. In an exemplary
embodiment in which the temperature probe 10 is utilized to
measure, calculate, and/or otherwise determine a temperature
of the patient, it is understood that such body cavities may
include the mouth, rectum, underarm, and/or other known
body cavities from which it is convenient to sense tempera-
ture. The shaft 18 and/or the handle 20 may be made from any
material and/or combinations of materials commonly used in
medical and/or examination procedures. Such materials may
include, for example, plastics, polymers, composites, stain-
less steel, and/or any other like materials. Such materials may
be suitable for repeated use and/or repeated sanitation.
Accordingly, in an exemplary embodiment of the present
disclosure, the temperature probe 10 and/or its components
may be substantially waterproof. One or more waterproof
seals may be included and/or otherwise utilized with compo-
nents of the probe 10 to facilitate such repeated sanitation
and/or use.

[0012] The handle 20 may include one or more operator
interfaces 22. Such operator interfaces 22 may be configured
to assist in performing one or more functions of the tempera-
ture probe 10. For example, the operator interfaces 22 may
comprise any combination of switches, buttons, levers,
knobs, dials, keys, and/or other like components configured
to activate, deactivate, manipulate, and/or otherwise control
components of the temperature probe 10. Such operator inter-
faces 22 may, for example, assist the user in toggling through
and/or selecting one or more modes of operation of the tem-
perature probe 10, enabling and/or disabling one or more
alarms or signals associated with operation of the probe 10,
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initiating a single substantially instantaneous temperature
calculation, initiating a substantially continuous and/or
repeating temperature calculation, and/or other like modes,
functions, or operations.

[0013] In an exemplary embodiment, at least one of the
operator interfaces 22 may be operatively connected to an
ejector mechanism 26 disposed proximate a base 24 of the
shaft 18. As will be described in greater detail below, at least
a portion of the temperature probe 10 may be inserted into a
probe cover 30 before and/or during use, and such an ejector
mechanism 26 may be configured to assist in removing the
probe cover 30 from the temperature probe 10. For example,
the ejector mechanism 26 may comprise one or more fingers,
hooks, shoulders, arms, tabs, and/or other like structures con-
figured to assist in ejecting the probe cover 30 from the base
24 of the shaft 18 after use. In an exemplary embodiment, one
or more such ejector mechanisms 26 may be movable with
respect to the base 24 and/or the shaft 18. In such exemplary
embodiments, the ejector mechanisms 26 may be movable in,
for example, a direction substantially parallel to the shaft 18.
In additional exemplary embodiments, the ejector mecha-
nisms 26 may be movable in an arcuate path relative to the
shaft 18. Movement of the ejector mechanisms 26 may assist
in bending, flexing, and/or otherwise deforming at least a
portion of the probe cover 30. For example, the ejector
mechanisms 26 may be movable along one or more surfaces
of the probe cover 30, and such movement may assist in
flexing at least a portion of the probe cover 30. Such flexing
may ultimately overcome a retention force provided by one or
more retention components (not shown) of the temperature
probe 10, thereby releasing the probe cover 30 from the
temperature probe 10.

[0014] In additional exemplary embodiments, one or more
operator interfaces 22 may be configured to assist in control-
ling one or more corresponding sensors associated with the
temperature probe 10. For example, the operator interfaces 22
may be operatively connected to first and second sensors 32,
34 disposed on the shaft 18. In exemplary embodiments, the
first and second sensors 32, 34 may be embedded within
and/or otherwise formed integrally with the shaft 18. In such
exemplary embodiments, the sensors 32, 34 may be posi-
tioned just beneath an outer surface of the shaft 18 such that
the shaft 18 may retain a substantially smooth, substantially
cylindrical shape. In such exemplary embodiments, it is
understood that the sensors 32, 34 may be electrically, oper-
ably, and/or otherwise connected to the operator interfaces 22
and/or other components of the temperature probe 10 via
electrical connections embedded within and/or running along
a length of the shaft 18 beneath the outer surface of the shaft
18.

[0015] In an exemplary embodiment, one or more of the
sensors 32, 34 may comprise any type of temperature sensor
known in the art. For example, the sensors 32, 34 may be the
same type of sensor. The sensors 32, 34 may comprise differ-
ent types of sensors configured to sense one or more different
characteristics of a patient. In an exemplary embodiment, at
least one of the first and second sensors 32, 34 may comprise
a thermocouple and/or a thermistor configured to sense a
temperature associated with such a patient. For example, such
asensor may be configured to sense a temperature of the body
cavity into which the temperature probe 10 has been inserted.
For example, in embodiments in which the shaft 18 of the
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temperature probe 10 is inserted into the mouth of the patient,
such a sensor may be utilized to sense a temperature of the
mouth.

[0016] Atleast one of the sensors 32, 34 may also comprise
an infrared temperature sensor such as, for example, a ther-
mopile and/or other like infrared- based temperature sensing
components. Such a sensor may be configured to convert
thermal energy into electrical energy, and may comprise two
or more thermocouples connected in series or in parallel.
Such components may be configured to generate an output
voltage proportional to a local temperature difference and/or
temperature gradient. In an exemplary embodiment in which
the one or more of the sensors 32, 34 comprises a thermopile,
the temperature probe 10 may comprise, for example, an
infrared temperature probe and/or other like infrared ther-
mometer.

[0017] In an exemplary embodiment, the thermopile
described above may be configured to assist in sensing a
temperature of one or more additional objects positioned on
and/or proximate the temperature probe 10. For example,
such thermopiles may be configured to sense a temperature of
the probe cover 30 upon insertion of the infrared temperature
probe 10 into the probe cover 30. For example, in an embodi-
ment in which the first sensor 32 comprises a thermistor
and/or a thermocouple, and the second sensor 34 comprises a
thermopile, the first sensor 32 may be configured to sense a
temperature of the body cavity of the patient, and the second
sensor 34 may be configured to sense a temperature of at least
a portion of the probe cover 30.

[0018] To assist the thermopile in sensing a temperature of
the probe cover 30, at least a portion of the probe cover 30
may be roughened, etched, scribed, knurled, coated, and/or
otherwise modified. Such a modified portion 44 of the probe
cover 30 may assist in reducing an infrared radiation of the
probe cover 30. For example, the modified portion 44 may be
characterized by an infrared radiation transmissivity that is
less than an infrared radiation transmissivity of a remainder of
the probe cover 30. Thus, the modified portion 44 of the probe
cover 30 may substantially block infrared radiation that
impinges thereon.

[0019] Inexemplary embodiments in which at least one of
the sensors 32, 34 comprises a thermopile, such a sensor may
collect infrared radiation from the modified portion 44 once
the probe cover 30 is disposed on the shaft 18. Such radiation
may be emitted by the modified portion 44 and may, thus, be
measured by the thermopile. Upon receiving such returned
(reflected) radiation from the modified portion 44, the ther-
mopile may utilize the return radiation to assist in measuring
a temperature of the probe cover 30 and/or the modified
portion 44. In such an exemplary embodiment, the thermopile
ofthe second sensor 34 may be utilized to sense a temperature
of the probe cover 30 while the thermocouple and/or ther-
mistor of the first sensor 32 may be utilized to sense a tem-
perature of the body cavity of the patient. As will be described
in greater detail below, the sensors 32, 34 may be operably,
controllably, electrically, and/or otherwise connected to a
controller 52. In such an exemplary embodiment, the control-
ler 52 may be configured to assist in calculating a predicted
patient temperature based on the temperatures sensed by the
first and second sensors 32, 34.

[0020] In a further embodiment, an exemplary infrared
temperature probe 10 may utilize at least a portion of the
thermal radiation emitted by the patient and/or the body cav-
ity of the patient into which the temperature probe 10 has been
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inserted in order to estimate, infer, calculate, and/or otherwise
determine a predicted patient temperature. Such an exem-
plary temperature probe 10 may utilize signals received by at
least one of the first and second sensors 32, 34 to determine an
amount of infrared radiation emitted by the patient. Using a
known transmissivity and/or other characteristic of the
patient, such infrared temperature probes 10 may be capable
of determining a predicted patient temperature.

[0021] At least one of the sensors 32, 34 may additionally
include at least one window, lens, and/or other like optical
component 36 positioned proximate thereto. For example,
such an optical component 36 may be disposed substantially
flush and/or coplanar with the outer surface of the shaft 18. In
an exemplary embodiment in which the shaft 18 is substan-
tially cylindrical, such an optical component 36 may be sub-
stantially curved so as to match the radius of curvature of the
shaft 18. Such optical components 36 may assist in, for
example, focusing and/or transmitting infrared radiation
between the thermopile and the body cavity of the patient.
Such optical components 36 may also assist in protecting the
thermopile, thermocouple, thermister, and/or other sensor
components during use of the temperature probe 10, and may
assist in forming a substantially fluid tight compartment
within the shaft 18 so as to protect sensor components from
contact with bodily fluids, cleaning solutions, and/or other
liquids. It is understood that such optical components 36 may
be substantially transparent to assist in the transmission of
infrared radiation.

[0022] One or more of the operator interfaces 22 may also
be operably connected to a heater 38 disposed proximate the
distal end 12 of the temperature probe 10. Such a heater 38
may be, for example, a resistance heater and/or any other like
heating component utilized in medical device applications.
Such a heater 38 may be configured to assist in increasing a
temperature of at least a portion of the shaft 18. For example,
the heater 38 may be disposed within approximately 1 inch of
the tip 16, and may be configured to provide localized heating
of the tip 16 and/or a portion of the distal end 12. The heater
38 may be configured to increase the temperature of a portion
of the shaft 18 to any known and/or desired temperature. In
exemplary embodiments, the heater 38 may be configured to
increase a portion of the probe 10 to a known temperature
between approximately 90° F. and approximately 100° F. In
further exemplary embodiments, the heater 38 may be con-
figured to increase the temperature of a portion of the probe
10 to a known temperature between approximately 92° F. and
approximately 93° F. Although FIG. 1 illustrates the heater 38
being disposed at the distal end 12 opposite the first tempera-
ture sensor 32, it is understood that, in additional exemplary
embodiments, the heater 38 may be disposed distal to or
proximal to the first sensor 32. In further exemplary embodi-
ments, the second sensor 34 may be desirably spaced from the
heater 38 so as not to be affected by heat generated by the
heater 38. In exemplary embodiments, the second sensor 34
may be disposed and/or spaced proximal to the heater 38, and
such spacing may be desirably selected so as to substantially
thermally insulate the second sensor 34 from the heater 38. As
described above with respect to the sensors 32, 34, the heater
38 may also be controllably and/or otherwise operatively
connected to the controller 52 or one of the operator interfaces
22. The heater 38 may be embedded within and/or otherwise
disposed beneath the outer surface of the shaft 18 so as to
avoid direct contact between, for example, the heater 38 and
the probe cover 30 during use. The heater 38 may be desirably
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positioned at any depth and/or other location within the shaft
18 to assist in facilitating a desirable heat dissipation pattern
at the distal end 12 of the temperature probe 10. Such posi-
tioning of the heater 38 may assist in heating the distal end 12
to the desired temperature discussed above.

[0023] The handle 20 may also include one or more dis-
plays 54 operably connected to the controller 52. The display
54 may comprise, for example, a liquid crystal display (LCD)
screen, a light emitting diode (LED) display, a digital read-
out, and/or any other like components configured to commu-
nicate information to the user of the temperature probe 10.
Such displays 54 may be configured to indicate, for example,
one or more temperatures sensed by the sensors 32, 34, a
temperature of the heater 38, one or more temperatures cal-
culated based on signals received from the one or more sen-
sors 32, 34, and/or any other information that may be useful
during operation of the temperature probe 10. The display 54
may be configured to communicate such information sub-
stantially instantaneously and/or substantially continuously
depending on the mode of operation of the temperature probe
10. Such a display 54 may also indicate whether or not the
temperature probe 10 and/or the heater 38 is turned on, and
whether a probe cover 30 has been connected to the tempera-
ture probe 10. The display 54 may also be configured to
indicate the mode of operation of the temperature probe 10
(for example, continuous or instantaneous modes of tempera-
ture calculation), as well as whether one or more threshold
temperatures, threshold temperature change rates, and/or
other sensed metric thresholds have been met or exceeded.
The display 54 may be, for example, a substantially numerical
digital display, and may also be configured to display any
other typical operating information such as, for example a
temperature vs. time trend line or other graphical depictions.

[0024] The temperature probe 10 may also include one or
more signal devices (not shown) operably connected to the
controller 52. Such signal devices may include, for example,
one or more lights, LEDs, speakers, and/or other like devices
configured to emit an audible and/or optical or signal in
response to acommand or signal from the controller 52. Such
an alarm or other signal may be initiated by, for example, the
controller 52 when the calculated temperature meets or
exceeds a threshold temperature. In additional exemplary
embodiments, such an alarm or signal may be initiated during
a substantially continuous temperature calculation operation
where the rate of patient temperature change meets or exceeds
a predetermined temperature change rate threshold. In addi-
tional exemplary embodiments, such signal/devices may be
disposed on and/or otherwise associated with the controller
52.

[0025] The controller 52 may be operably connected to the
operator interfaces 22, display 54, sensors 32, 34, heater 38,
and/or other components of the temperature probe 10, and the
controller 52 may be configured to control the operation of
such components. In an exemplary embodiment, the control-
ler 52 may be configured to receive signals, information,
measurements, and/or other data from the first and second
sensors 32, 34 of the temperature probe 10, and to calculate a
predicted patient temperature based on the information
received. The controller 52 may also be configured to execute
one or more commands and/or control programs. For
example, the controller 52 may be programmed to initiate one
or more alarms in response to calculating a patient tempera-
ture that is greater than or equal to a predetermined threshold
temperature. In an exemplary embodiment, such a threshold
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temperature may be approximately 100° F. In addition, the
controller 52 may be configured to initiate such an alarm
during a substantially continuous temperature calculation
operation if the calculated temperature increases and/or
decreases at a rate that is greater than or equal to a predeter-
mined threshold temperature change rate. The controller 52
may comprise a processor, memory, and/or other known con-
troller components to facilitate the functionality described
herein.

[0026] Inanexemplary embodiment, the controller 52 may
be disposed within, for example, the handle 20 of the tem-
perature probe 10. In such an embodiment, the controller 52
may be formed substantially integral with the temperature
probe 10. For example, the handle 20 may form one or more
substantially water-tight and/or substantially hermetically
sealed compartments for storing the various components of
the controller 52. Alternatively, as shown in FIG. 1, the con-
troller 52 may be formed separately from the temperature
probe 10. In such exemplary embodiments, the controller 52
may comprise a housing that is formed separate from the
handle 20. To facilitate communication between the tempera-
ture probe 10 and the controller 52 in such embodiments, the
controller 52 may be operably connected to the temperature
probe 10 via one or more wires, cables, Bluetooth, WiF1,
radio, and/or other known hard-wired and/or wireless com-
munication protocols. The controller 52 and/or the tempera-
ture probe 10 may further include any number of ports, con-
nectors, transponders, receivers, antennae, and/or other
known components to facilitate such connectivity and/or
communication. As shown in FIG. 1, in an exemplary
embodiment in which the controller 52 is formed separate
from the temperature probe 10, the controller 52 may com-
prise a display 54 and one or more operator interfaces 56. The
display 54 and operator interfaces 56 of the controller 52 may
be structurally and/or functionally similar to the display 54
and operator interfaces 22 of the handle 20 described herein.

[0027] Theprobe cover 30 may be substantially cylindrical,
and may have similar dimensions to that of the shaft 18. For
example, the probe cover 30 may be incrementally longer
than the shaft 18 so as to fit over substantially the entire shaft
18. The probe cover 30 may define an orifice 46 at a proximal
end 42 thereof. Similar to the shaft 18, the probe cover 30 may
also define a substantially atraumatic tip at a distal end 40
thereof. The probe cover 30 may be formed from any medi-
cally approved material known in the art. Such materials may
include, for example, plastics, polymers, and/or any of the
other materials discussed above with regard to the tempera-
ture probe 10. Using such materials may enable, for example,
the probe cover 30 to be repeatedly used and/or sanitized.
Alternatively, in additional exemplary embodiments, the
probe cover 30 may be configured for one-time usage. Such
materials may also facilitate one or more known modifica-
tions to at least a portion of the probe cover 30. For example,
such materials may facilitate defining the one or more modi-
fied portions 44 described above.

[0028] The modified portion 44 may be shaped, sized,
located, and/or otherwise configured for interaction with one
or more of the sensors 32, 34 of the temperature probe 10. For
example, the modified portion may extend around substan-
tially an entire circumference of the probe cover 30. The
modified portion may have a length that is at least as long as
the lens, or other optical component 36 covering the second
sensor 34.
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[0029] In additional exemplary embodiments, the probe
cover 30 may include one or more additional structures to
facilitate usage with, insertion on, and/or removal from the
temperature probe 10. For example, while the orifice 46 may
be shaped, sized, and/or otherwise configured to accept the
shaft 18 and to mate with one or more ejector mechanisms 26
of the temperature probe 10, in further exemplary embodi-
ments, at least a portion of the proximal end 42 of the probe
cover 30 may include additional notches, cutouts, tabs, ribs,
flanges, and/or other retention components configured to
assist in connecting the probe cover 30 to and/or disconnect-
ing the probe cover 30 from the temperature probe 10. For
example, such retention components may mate with the ejec-
tor mechanisms 26 of the temperature probe 10 to facilitate
retention of the probe cover 30 on the shaft 18 and/or ejection
of the probe cover 30 from the shaft 18.

[0030] AsshowninFIG. 2, an exemplary temperature mea-
surement system 100 of the present disclosure may include a
storage container 58 and one or more probe covers 30 dis-
posed within the storage container 58. Such an exemplary
temperature measurement system 100 may also include the
temperature probe 10 (FIG. 1) and any of its components. The
storage container 58 may have any shape, size, and/or other
configuration convenient for storing a plurality of probe cov-
ers 30 therein. For example, the storage container 58 may be
substantially box shaped, and may have a substantially rect-
angular, substantially square, and/or substantially hexagonal
cross-sectional shape. Such an exemplary cross-sectionofthe
storage container 58 is illustrated in FIG. 3.

[0031] At least a portion of the storage container 58 may
define one or more openings 60. Such exemplary openings 60
may be shaped, sized, located, and/or otherwise configured to
assist in the removal of one or more probe covers 30 from the
storage container 58. For example, such an opening 60 may
be shaped and/or sized to permit passage of a probe cover 30
for removal from the storage container 58. Such an opening
60 may also be shaped and/or sized to permit removal of only
a single probe cover 30 from the storage container 58 at one
time. In such an exemplary embodiment, the opening 60 may
assist in retaining the remaining probe covers 30 within the
storage container 58 while, at the same time, facilitating
removal of a single probe cover 30 for use with the tempera-
ture probe 10.

[0032] As shown in FIG. 2, the storage container 5§ may,
for example, define a front 66, a back 68, and at least two sides
70, 72. In additional exemplary embodiments, it is under-
stood that the storage container 58 may include additional
sides and/or other structures depending upon, for example,
the configuration of the probe covers 30 and/or storage
requirements related to the probe covers 30. As shown in FIG.
2, an exemplary storage container 58 may also include a top
62, and a bottom 64 disposed opposite the top 62. In an
exemplary embodiment, the top 62 may define at least a
portion of the opening 60. In additional exemplary embodi-
ments, at least a portion of the top 62 may be removed to
expose the opening 60, and in further exemplary embodi-
ments, substantially the entire top 62 may be removed from
the storage container 58. In such exemplary embodiments,
substantially all of the probe covers 30 disposed within the
storage container 58 may be exposed for removal.

[0033] Asillustratedin FIG. 3, two or more probe covers 30
may be positioned adjacently within the storage container 58.
For example, two or more such probe covers 30 may be
substantially aligned along respective lengths thereof within
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the storage container 58. In such exemplary embodiments, a
plurality of probe covers 30 may be supported by, for
example, by the bottom 64 of the storage container 58 and
may be arranged to stand within the storage container 58 on
the respective distal ends 40 thereof. In an exemplary embodi-
ment in which the storage container 58 is tipped and/or oth-
erwise arranged to lay on the front 66, back 68, or sides 70, 72
thereof, the plurality of probe covers 30 may be substantially
stacked on top of one another and/or otherwise positioned
within the storage container 58. An example of such stacked
alignment and/or adjacent positioning of the probe covers 30
is illustrated in F1G. 3.

[0034] The temperature probes 10, probe covers 30, and
storage containers 58 described herein may be utilized by
physicians, nurses, and/or other health care professionals in a
variety of different environments. For example, the devices
and/or the temperature measurement systems described
herein may be employed in any of a number of examination
facilities to determine one or more temperatures associated
with a patient such as, for example, a predicted patient tem-
perature. Such a predicted patient temperature may be uti-
lized by the health care professional to assist in treating the
patient, and may have a variety of uses that are well known in
the medical field.

[0035] In order to determine a predicted patient tempera-
ture according to an exemplary embodiment of the present
disclosure, a user of the temperature probe 10 may insert the
temperature probe 10 into a probe cover 30. For example, the
user may insert at least a portion of the temperature probe 30
such as, for example, the shaft 18 into the probe cover 30, via
the orifice 46. In an exemplary embodiment, the probe cover
30 may be disposed within a storage container 58 while the
shaft 18 of the temperature probe 10 is inserted into the probe
cover 30. In such an exemplary embodiment, the probe cover
30 may be accessed through the opening 60 of the storage
container 58 for insertion of the shaft 18. In such an exem-
plary embodiment, the temperature probe 10 may be moved
in the direction of arrow 50 relative to the probe cover 30 for
insertion. Alternatively, in exemplary embodiments in which
the probe cover 30 has been removed from the storage con-
tainer 58 before connection with the temperature probe 10,
the probe cover 30 may be moved in the direction of arrow 48
relative to the temperature probe 10 to facilitate a connection
with the temperature probe 10.

[0036] As one or more of the ejector mechanisms 26 come
into contact with the probe cover 30, one or more such ejector
mechanisms 26 may hook, clip, and/or otherwise mate with
the proximal end 42 of the probe cover 30 to assist in retaining
the probe cover 30 on the shaft 18. In exemplary embodi-
ments in which the proximal end 42 of the probe cover 30
defines one or more of the notches, cutouts, and/or other
retention components described above configured to mate
with such ejector mechanisms 26, these components may
communicate with the corresponding ejector mechanisms 26
of the temperature probe 10 to assist in retaining the probe
cover 30 thereon.

[0037] Once the probe cover 30 has been connected to the
temperature probe 10, one or more of the sensors 32, 34 may
be activated and/or otherwise controlled to sense a first tem-
perature. Such a temperature may be indicative of for
example, a temperature of the probe cover 30. In an exem-
plary embodiment, sensing this first temperature with the
temperature probe 10 may include sensing a temperature of
the modified portion 44 of the probe cover 30. For example,
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once the temperature probe 10 has been inserted into the
probe cover 30, one or more of the sensors 32, 34 may be
disclosed in close proximity to the modified portion 44. For
example, the modified portion 44 may be located and/or oth-
erwise disposed at any desirable location along the outer
and/or inner surface of the probe cover 30. Such a location
may substantially coincide with a location of at least one of
the sensors 32, 34 disposed on the shaft 18. In this way, the
modified portion 44 may substantially overlay at least one of
the sensors 32, 34 when the probe cover 30 is connected to the
temperature probe 10. In an exemplary embodiment in which,
for example, the second sensor 34 is positioned and/or other-
wise configured to sense the first temperature described
above, the modified portion 44 may substantially overlay the
second sensor 34 when the probe cover 30 is connected to the
temperature probe 10. In such an exemplary embodiment, the
second sensor 34 may sense the temperature of the modified
portion 44. In such an exemplary embodiment, the second
sensor 34 may comprise at least one thermopile, and the
modified portion 44 may be characterized by an infrared
radiation transmissivity that is less than, for example, an
infrared radiation transmissivity of the remainder of the probe
cover 30. Such a difference in transmissivity may assist the
second sensor 34 in sensing the temperature of the modified
portion 44.

[0038] Once the temperature probe 10 has been inserted
into the probe cover 30, the temperature probe 10 and the
probe cover 30 may be inserted into a body cavity of a patient
to facilitate determining a predicted temperature of the
patient. For example, while within the body cavity, one or
more of the sensors 32, 34 may sense a second temperature,
and the second temperature may be indicative of a tempera-
ture of the body cavity. For example, in an embodiment in
which the first sensor 32 comprises a thermocouple and/or a
thermistor, the first sensor 32 may be utilized to measure the
temperature of the body cavity.

[0039] Signals indicative of the measured first and second
temperatures may be sent to the controller 52 by the first and
second sensors 32, 34, and the controller 52 may assist in
calculating the predicted patient temperature based on the
first and second sensed temperatures. For example, knowing
the temperature of the probe cover 30 may assist in accurately
determining such a predicted patient temperature. In exem-
plary embodiments in which the probe cover 30 has a tem-
perature that is either above or below the ambient temperature
of the examination room and/or other location in which the
temperature probe 10 is being utilized, the sensed tempera-
ture of the probe cover 30 may be utilized in the predicted
patient temperature calculation to reduce error. Such error is
commonly caused by mistakenly assuming that the probe
cover 30 has a temperature substantially equal to such an
ambient temperature when, in fact, the temperature of the
probe cover 30 may be substantially different than the ambi-
ent temperature. Such differences in temperature may result
from, for example, storing the probe cover 30 at a temperature
below ambient.

[0040] Additional exemplary embodiments of the present
disclosure may employ further techniques to assist in reduc-
ing the error associated with calculating the predicted patient
temperature. For example, one such method of predicted
patient temperature determination may include heating at
least a portion of the temperature probe 10 to a known tem-
perature, and calculating the predicted patient temperature
based on the first and second sensed temperatures described



US 2015/0198489 A1

above, as well as the known temperature. As described above
with regard to the heater 38, the known temperature to which
a portion of the temperature probe 10 may be heated may be
between approximately 90° F. and approximately 100° F. For
example, the known temperature may be between approxi-
mately 92° F. and approximately 93° F., and/or within any
other useful temperature range. Itis understood that the heater
38 may be utilized to assist in heating the portion of the
temperature probe 10 to this known temperature.

[0041] Insuchexemplary embodiments, the heated portion
of the temperature probe 38 may be located proximate the
heater 38, and the heater 38 and the corresponding portion of
the temperature probe 10 to be heated may be located within,
approximately, 1 inch of the tip 16 of the temperature probe
10. It is understood that the controller 52 or one of the opera-
tor interfaces 22 may operate and/or otherwise control the
heater 38 to heat the portion of the temperature probe 10 to
such a known temperature, and this known temperature may
provide a further metric and/or data point upon which the
predicted patient temperature calculation may be based.
Heating at least a portion of the temperature probe 10 in this
way may bring the heated portion of the temperature probe 10
proximate the first sensor 32 to a temperature that is relatively
close to the actual core temperature of the patient. Thus, the
temperature of the body cavity measured by the second sensor
34 may be sensed more quickly since the time before the first
sensor 32 reaches an equilibrium with the body cavity may be
reduced. Additionally, accuracy of the predicted patient tem-
perature calculation may be improved by heating the portion
of the temperature probe 10 in this way since one or more
algorithms utilized to, for example, extrapolate between the
temperature sensed by the first sensor 32 and the actual tem-
perature of the body cavity may have a higher precision when
the first sensor 32 is at a temperature closely approximating
the temperature of the body cavity. It is also understood that
the first temperature indicative of the temperature of the probe
cover 30 may be sensed either before the portion of the probe
10 is heated to the known temperature, such as upon insertion
of the temperature probe 10 into the probe cover 30. Alterna-
tively, the first temperature may be sensed while the portion of
the temperature probe 10 is being heated to the known tem-
perature discussed above.

[0042] Instill further exemplary embodiments, one or more
additional sensors 28 may be disposed on the temperature
probe 10 at a location useful for detecting the presence of the
probe cover 30. For example, such sensors 28 may be dis-
posed proximate the base 24 of the shaft 18 and configured to
detect the proximal end 42 of the probe cover 30 once the
shaft 18 has been inserted into the probe cover 30. In still
further exemplary embodiments, such sensors 28 may be
disposed proximate the tip 16 and configured to detect the
distal end 40 of the probe cover 30 once the shaft 18 has been
inserted into the probe cover 30. In such exemplary embodi-
ments, the one or more sensors 28 may comprise, for
example, a proximity sensor and/or any other like sensing
device, and sensing the first temperature indicative of a tem-
perature of the probe cover 30 may be performed in response
to detecting the presence of the probe cover 30 on the shaft 18.

[0043] It is understood that in any of the exemplary
embodiments described herein, sensing the temperature
indicative of the temperature of the probe cover 30 may be
facilitated by activating one or more infrared temperature
sensors of the temperature probe 10, such as one or more of
the thermopiles described herein. In exemplary embodiments
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of calculating the predicted patient temperature, such a cal-
culation may involve calculating a difference between the
first and second sensed temperatures described above, and
such a calculation may further include calculating a differ-
ence between the second temperature and the known tem-
perature to which the portion of the temperature probe 10 has
been heated.

[0044] Although the exemplary embodiments described
above may utilize a first temperature indicative of a tempera-
ture of the probe cover 30 in determining the predicted patient
temperature, in further exemplary embodiments, the pre-
dicted patient temperature may be determined utilizing a
sensed first temperature indicative of a temperature of the
storage container 58. In such an exemplary embodiment, a
portion of the storage container 58 may be modified so as to
reduce the infrared transmissivity of the modified portion of
the storage container 58 relative to a remainder of the storage
container 58. For example, at least a portion of an inner
surface 74 (FIG. 3) of the storage container 58 may be modi-
fied utilizing any of the methods described above with regard
to the modified portion 44 of the probe cover 30. The inner
surface 74 may be roughened and/or coated to assist in at least
partially reflecting infrared radiation. In an exemplary
embodiment, a substantially black dye, paint, coating, and/or
any other coating useful in at least partially reflecting infrared
radiation may be disposed on one or more such inner surfaces
74 of the storage container 58. In such exemplary embodi-
ments, one or more thermopiles of, for example, the second
sensor 34 may be utilized to sense the temperature of the
storage container 58 upon insertion of the temperature probe
10 into the probe cover 30, and while the probe cover 30 is
disposed within the storage container 58. In such an exem-
plary embodiment, the modified portion 44 of the probe cover
30 may be omitted.

[0045] Forming the modified portion on one or more inner
surfaces 74 of the storage container 58 may assist in reducing
the cost of producing the temperature measurement system
100 described herein. For example, it may be less expensive
to form such a modified portion on one or more inner surfaces
74 of the storage container 58 during manufacture of the
storage container 58 than forming the modified portions 44 on
each of the probe covers 30 individually utilized with the
temperature probe 10. Thus, in an exemplary embodiment of
determining a predicted patient temperature, the first tem-
perature sensed with, for example, the second sensor 34 may
be indicative of a temperature of the storage container 58.
Such an exemplary method may further include one or more
of the exemplary steps described above such as, for example,
sensing a second temperature with the temperature probe 10
indicative of a temperature of the body cavity, and calculating
the predicted patient temperature based on the first and sec-
ond temperatures.

[0046] Other embodiments of the invention will be appar-
ent to those skilled in the art from consideration of the speci-
fication and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

1-27. (canceled)

28. A system, comprising:

a shaft having a distal end, a proximal end, and a substan-
tially atraumatic tip disposed at the distal end of the
shaft, the shaft defining a distal end of a temperature
probe;
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a handle disposed at the proximal end of the shaft and
defining a proximal end of the probe;

a thermopile embedded substantially within the shaft and
configured to measure a temperature of a probe cover
removably connectable to the shaft;

a temperature sensor disposed distal to the thermopile and
embedded substantially within the shaft, the tempera-
ture sensor comprising at least one of a thermocouple or
a thermistor configured to measure a body cavity tem-
perature of a patient; and

a controller operably connected to the thermopile and the
temperature sensor, the controller being configured to
determine a core temperature of the patient based at least
partly on a first input received from the thermopile
indicative of the temperature of the probe cover, and a
second input received from the temperature sensor
indicative of the body cavity temperature.

29. The system of claim 28, wherein at the shaft comprises
at least one waterproof seal prohibiting fluids from contacting
at least one of the thermopile or the temperature sensor.

30. The system of claim 28, wherein the handle includes an
operator interface operably connected to the controller and
configured to receive an input from a user of the system.

31. The system of claim 28, further comprising a heater
configured to heat the distal end of the shaft to a known
temperature, wherein the thermopile is spaced proximal to the
heater such that the thermopile is substantially thermally
insulated from the heater.

32. The system of claim 28, wherein the shaft includes a
substantially fluid-tight compartment and a substantially
transparent optical component forming at least part of the
compartment.

33. The system of claim 32, wherein at least one of the
thermopile or the temperature sensor is disposed substantially
within the compartment, and wherein the optical component
comprises at least one of a window, a lens, or a filter.

34. The system of claim 28, further comprising a display
operably connected to the controller and disposed on the
handle, the display comprising one of a liquid crystal display
screen, a light emitting diode display, or a digital read-out,
wherein the display is configured to display at least one of the
temperature of the probe cover, the body cavity temperature,
or the core temperature.

35. The system of claim 28, wherein the controller is dis-
posed substantially within a housing separate from the
handle.

36. A method of manufacturing a temperature measure-
ment system, comprising;

providing a shaft having a distal end, a proximal end, and a
substantially atraumatic tip disposed at the distal end of
the shaft;

connecting the proximal end of the shaft to a distal end of
a handle;

disposing a thermopile substantially within the shaft at a
first location along the shaft, wherein the thermopile is
configured to determine a temperature of a probe cover
removably connectable to the shaft;

disposing a temperature sensor comprising at least one of a
thermocouple or a thermistor substantially within the
shaft at a second location along the shaft different from
the first location, wherein the temperature sensor is con-
figured to determine a body cavity temperature of a
patient; and
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operably connecting the thermopile and the temperature
sensor to a controller configured to determine a patient
temperature based on the temperature of the probe cover
and the body cavity temperature.

37. The method of claim 36, further comprising forming a
substantially water-tight compartment with at least a portion
of the shaft, and disposing at least one ofthe thermopile or the
temperature sensor substantially within the compartment,
wherein at least part of the compartment is formed by a
substantially transparent optical component positioned sub-
stantially flush with an outer surface of the shaft.

38. The method of claim 36, further comprising disposing
aheater substantially within the shaft proximate the distal end
of the shaft, and operably connecting the heater to the con-
troller, wherein the heater is configured to selectively heat the
distal end of the shaft to a known temperature.

39. The method of claim 36, further comprising operably
connecting the controller to a display, wherein the display
comprises a component of the handle.

40. The method of claim 36, further comprising:

providing a storage container configured to retain a plural-

ity of probe covers, the storage container including an
opening, at least two sides, and a bottom extending from
the at least two sides; and

modifying a first portion of the storage container such that

the first portion of the storage container is characterized
by a first infrared radiation transmissivity and a second
portion of the storage container is characterized by a
second infrared radiation transmissivity greater than the
first infrared radiation transmissivity.

41. The method of claim 36, further comprising modifying
a first portion of the probe cover such that the first portion of
the probe cover is characterized by a first infrared radiation
transmissivity and a second portion of the probe cover is
characterized by a second infrared radiation transmissivity
greater than the first infrared radiation transmissivity.

42. The method of claim 41, wherein the first portion is
disposed at a location on the probe cover substantially coin-
ciding with the first location such that the first portion sub-
stantially overlays the thermopile when the probe cover is
removably connected to the shaft.

43. A system for determining a patient temperature, com-
prising:

a probe cover removably connectable to a temperature

probe, the probe cover having a first portion character-
ized by a first infrared radiation transmissivity and a
second portion characterized by a second infrared radia-
tion transmissivity greater than the first infrared radia-
tion transmissivity, the probe cover including an orifice
configured to receive a shaft of the temperature probe,
wherein the temperature probe further includes:

a handle disposed proximal to the shaft,

a thermopile embedded substantially within the shaft at
a firstlocation along the shaft, wherein the thermopile
is configured to determine a temperature of the probe
cover, and

a temperature sensor embedded substantially within the
shaft at a second location along the shaft different
from the first location, wherein the temperature sen-
sor is configured to determine a body cavity tempera-
ture of a patient, the system being configured to deter-
mine the patient temperature based on the
temperature of the probe cover and the body cavity
temperature.
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44. The system of claim 43, wherein the first portion of the
probe cover is at least one of roughened or coated with a
substantially infrared radiation reflective coating, and the
temperature of the probe cover comprises a temperature of the
first portion.

45. The system of claim 43, wherein the first portion is
disposed at a location on the probe cover substantially coin-
ciding with the first location such that the first portion sub-
stantially overlays the thermopile when the probe cover is
removably connected to the shaft.

46. The system of claim 43, wherein the first portion is
configured to substantially block infrared radiation imping-
ing thereon.

47. The system of claim 43, wherein the probe cover is
substantially cylindrical and first portion extends around sub-
stantially an entire circumference of the probe cover.
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