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(7) ABSTRACT

A core temperature sensor and a method of using such a
sensor to non-invasively measure a temperature of a core
thermal compartment of a human body or other mammals. A
heater of the core temperature sensor heats a peripheral area
to a temperature greater than the core temperature. A skin
temperature sensor of the core temperature sensor monitors a
cooling of the peripheral area to determine the core tempera-
ture.
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NON-INVASIVE CORE TEMPERATURE
SENSOR

PRIORITY CLAIM

[0001] The present application is a continuation applica-
tionof U.S. patent application Ser. No. 13/423,190, filed Mar.
17,2012 and entitled “NON-INVASIVE CORE TEMPERA-
TURE SENSOR”, which claims priority to U.S. Provisional
Patent App. No. 61/454,161, filed Mar. 18,2011 and entitled
“NON-INVASIVE CORE TEMPERATURE SENSOR,” and
which is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a temperature sen-
sor for measuring the core temperature of a mammalian body.
More specifically, the invention relates to a non-invasive tem-
perature sensor for measuring the core temperature of a
human body.

BACKGROUND

[0003] “Core” body temperature is the temperature of the
vital organs of a person or animal. An abnormally elevated
core body temperature occurs when an individual is in a
febrile or hyperthermic state and can result in seizures, pro-
teindenaturation and even cell death. An abnormally low core
body temperature causes an individual to be in a hypothermic
state, which can affect and impair the rate at which chemical
reactions in the body take place and possibly lead to respira-
tory or circulatory failure.

[0004] Accurate core body temperature measurements are
clearly important for medical diagnosis in clinics, emergency
rooms and operating rooms. Additionally, there are many
occupations that can put the individual at risk for hypothermia
or hyperthermia including: fire fighters, solders, athletes,
military pilots and divers.

[0005] There is a clear need for an accurate and non-inva-
sive way to measure core body temperature.

[0006] The standard for “normal” core temperature of the
human body is 37° C. or 98.7° F. However, research has
shown that “normal” is actually a range of 37°+/-1° C. (96.
8°-100.4° F.). Typically the body maintains its core tempera-
ture within a narrow range of 37°+/-0.5° C. In fact, vasomo-
tor responses to changes in core body temperature can be
detected with as little as a 0.1° C. deviation from baseline.
[0007] The temperature of the skin is generally recognized
as being 3-10° C. cooler than the core body temperature. The
actual gradient between skin and core temperatures depends
on many factors including: the person’s core temperature,
ambient environmental temperature, wind and air movement,
sweating or skin wetness for other reasons, the level of physi-
cal exertion, where on the body the skin is located, clothing,
hydration and vasomotor tone.

[0008] The human body and all mammals have a “core”
thermal compartment and a “peripheral” thermal compart-
ment. The core compartment consists roughly of the central
volume of the torso, head and neck. The core compartment
includes all of the major organs. The operation of most physi-
ologic functions is exquisitely sensitive to variations in tem-
perature. Most physiologic functions are chemical reactions
and chemical reactions are well known to be temperature
dependent. Enzyme mediated or enzyme enhanced chemical
reactions are even more temperature sensitive. Enzyme medi-
ated chemical reactions slow dramatically with as little as a
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1-2° C. drop in temperature. Therefore, protecting the core
temperature and thus the temperature of the vital organs
where chemical reactions sustain life, is paramount to sur-
vival.

[0009] Thecore compartment is surrounded by a thermally
insulating layer of skin, subcutaneous tissue and fat, known
collectively as the peripheral thermal compartment. Further,
the entire volume of the arms and legs are in the peripheral
thermal compartment. The purpose of the peripheral com-
partment is to thermally insulate the core compartment from
environmental thermal stress, especially cold. By controlling
the blood flow to the peripheral compartment, the tempera-
ture of the peripheral compartment is “allowed” to vary
widely and sacrifice its heat in order to protect the tempera-
ture of the core compartment. For example, on a cold day with
inadequate clothing, the skin and subcutaneous tissue sut-
rounding the torso may be severely vasoconstricted, reducing
the local blood flow and causing the peripheral compartment
to be 5° C. or more cooler that the temperature of the core
compartment directly beneath it. The peripheral compart-
ment becomes a thermal insulator between the core compart-
ment and the environment. The skin of the lower legs may be
more that 10° C. colder than the core temperature on a cold
day.

[0010] Onawarm day, especially with exercise, the skin of
the peripheral compartment may be equal to the temperature
of the core compartment. In a hot environment, the tissues of
the peripheral compartment are vasodilated causing an
increase in skin blood flow in order to promote heat dissipa-
tion through the skin.

[0011] The temperature of the peripheral compartment is
easy to assess with skin surface temperature measurements.
However, as previously discussed, the temperature of the
peripheral compartment varies widely and unpredictably
relative to core temperature, depending on the ambient envi-
ronmental temperature as well as many other external and
internal factors. Therefore, the temperature of the skin and
peripheral compartment is an unreliable indicator of core
temperature.

[0012] At the present time, all true core temperature mea-
surements are invasive. For example core temperatures can be
directly measured in the: pulmonary artery, esophagus, rec-
tum, bladder and tympanic membrane. Measuring the tem-
perature in these locations is necessarily invasive and may be
risky and therefore these locations are not suitable for routine
temperature measurements.

[0013] A wide variety of other less invasive temperature
monitoring sites have been tried. These include: oral, nasal,
infrared (IR) tympanic membrane emissions, axillary and
forehead skin. All of these sites have been shown to be influ-
enced in an unpredictable way by peripheral compartment
and ambient environmental temperatures. Therefore, these
non-invasive measurements have proven to be inaccurate or
unreliable indicators of core temperature.

[0014] A variety of thermometers have been developed that
measure the skin temperature and the ambient environmental
temperature and then use a mathematical calculation which is
supposed to compensate for the affect of ambient environ-
mental temperature on the peripheral compartment. For
example, an existing device uses two thermistors that mea-
sure skin and ambient environmental temperature respec-
tively. A microprocessor calculates a compensation factor for
the effect of the ambient temperature on the skin. Another
device comprises an infrared thermometer that estimates core
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body temperature by measuring the axillary or tympanic
membrane temperature by IR emission. The device then cal-
culates core body temperature using the arterial heat balance
equation which is based on heat flow through a thermal resis-
tance from the core to a location of temperature measurement
such as the skin and then to the ambient environmental tem-
perature. The core temperature is based on skin temperature
with a compensation factor for the ambient environmental
temperature. Neither of these techniques have proven to be
reliable or accurate.

[0015] A proposed device comprises a thermometer with
two temperature sensors and thermal insulation between the
two sensors forming a heat flux transducer. A heat flux trans-
ducer measures heat flow. This device uses an additional layer
of thermal insulation between the skin and the environment in
order to allow the skin to eventually equilibrate to zero heat
flux with the environment and supposedly is in simultaneous
equilibrium with the core body temperature. It is doubtful that
such a device can accurately and reliably measure core tem-
perature but if it could, it would require a long time to reach
thermal equilibrium between the various thermal compart-
ments and the ambient environment.

[0016] Several devices use an overlaying heater that is care-
fully controlled to equal skin temperature, thus allowing the
heat from the core to migrate to the skin surface but not be lost
to the ambient environment. The overlaying heater adjusted
to skin temperature is essentially a perfect insulator. One of
these devices comprises a deep tissue thermometer that has
two temperature sensors separated by a known thermal insu-
lation layer forming a heat flux transducer. A heater overlays
the temperature sensors and is controlled by the servo-con-
troller to “null heat flux” meaning that the temperature of the
heater is precisely maintained at skin temperature so that
there is zero heat flow from the skin to the ambient environ-
ment. Since heat loss is prevented, the skin eventually equili-
brates with the deeper core tissue as the core heat slowly
migrates to the skin surface. Equilibration takes 15 minutes or
more.

[0017] Other devices also comprise deep tissue thermom-
eters with two sensors and an overlaying heater that is con-
trolled to precisely equal skin temperature, thus preventing
any heat loss to the ambient environment. Unlike devices
which use a heat flux transducer to detect heat flow, these
devices measure heater temperature directly and simply
match it with the skin temperature resulting from heat migrat-
ing outward from the core thermal compartment.

[0018] All of these thermometers that include overlaying
heaters operate the heater throughout the temperature mea-
surement. Additionally, each of these devices carefully con-
trols the temperature of the heater to match the skin tempera-
ture and thus the heater serves as a perfect thermal insulator
between the skin and the ambient environment. However,
since the heater is carefully controlled to equal skin tempera-
ture, the heater by definition, does not actively heat the skin.
All of these thermometers require two temperature sensors,
one for the skin and one for the heater. Finally, all of these
thermometers require equilibration of the core temperature
with the peripheral compartment and then eventually equili-
bration with the skin, which can take a relatively long time.
The long equilibration time of 15 minutes or more makes
these thermometers impractical for most core temperature
measurement indications.

[0019] In summary, core body temperature can be mea-
sured directly but the measurement techniques are invasive,
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cumbersome or risky. Peripheral thermal compartment tem-
peratures can be measured non-invasively and directly butare
not accurate or reliable indicators of core body temperature.
Peripheral temperature measured with heat flux transducers
and overlaying heaters that are carefully controlled to equal
the skin temperature, allow eventual thermal equilibrium
between the core thermal compartment, peripheral thermal
compartment and skin surface. These thermometers have
been shown to have a good correlation with core body tem-
perature but are very slow, expensive and complicated.

[0020] A reliable, non-invasive, accurate, inexpensive and
fast (for example; less than 3 minutes) device for measuring
core body temperature from the skin surface is needed.

SUMMARY

[0021] Certain embodiments of the invention focus on a
core temperature sensor for non-invasively measuring a tem-
perature of a core thermal compartment of a human body or
other mammal. The core temperature sensor includes a skin
temperature sensor, a heater, a relatively thick layer of ther-
mal insulation, and a controller. The skin temperature sensor
can be placed in conductive thermal contact with the skin
over-laying a portion of the core thermal compartment. The
heater has a relatively large surface area including a first
surface facing the skin wherein a central region of the first
surface of the heating element is positioned to surround the
skin temperature sensor. The relatively thick layer of thermal
insulation is proximate a second surface of the heater and
opposite the first surface of the heater facing the skin. The
controller can start and stop heat from the heater, and the
controller is operable to analyze a skin temperature decay
curve.

[0022] Certainembodiments ofthe invention include a core
temperature sensor for non-invasively measuring a tempera-
ture of a core thermal compartment of a human body or other
mammal. The core temperature sensor includes a skin tem-
perature sensor, a heater, a relatively thick layer of thermal
insulation, and an algorithm that may be run by a controller
connected to the skin temperature sensor. The skin tempera-
ture sensor can be placed in conductive thermal contact with
the skin over-laying a portion of the core thermal compart-
ment. The heater may have a relatively large surface area
comprising a first surface facing the skin and a central region
of the first surface of the heating element is positioned to
surround the skin temperature sensor. The heater may be
capable of heating the skin proximate the skin temperature
sensor to a minimum of 2 C greater than the temperature of
the core thermal compartment and then is capable of rapidly
discontinuing heating. The relatively thick layer of thermal
insulation is proximate a second surface of the heater and
opposite the first surface of the heater facing the skin. The
controller is attached to the skin temperature sensor which is
correlated with time to create a temperature-versus-time dis-
sipation curve when the heating is discontinued by a control-
ler. The algorithm may analyze the skin temperature dissipa-
tion curve to determine the intersection of the slopes of the
rapid temperature decrease portion of the curve and of the
slow temperature decrease portion of the curve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic of a mammalian body com-
prising a core compartment surrounded by a peripheral com-
partment;
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[0024] FIG. 2A is a core temperature sensor in accordance
with an embodiment of the invention;

[0025] FIG. 2B is a core temperature sensor with an
unheated zone located proximal the skin temperature sensor
in accordance with an embodiment of the invention;

[0026] FIG.3A is a cross sectional view of a core tempera-
ture sensor in accordance with an embodiment of the inven-
tion;

[0027] FIG. 3Bis a cross sectional view of a core tempera-
ture sensor in accordance with an embodiment of the inven-
tion;

[0028] FIG.3Cis a cross sectional view of a core tempera-
ture sensor in accordance with an embodiment of the inven-
tion;

[0029] FIG.4isacrosssectional view ofa core temperature
sensor in accordance with another embodiment of the inven-
tion;

[0030] FIG.5isacrosssectional view ofa core temperature
sensor in accordance with an alternate embodiment of the
invention;

[0031] FIG. 6isacross sectional view ofa core temperature
sensor in accordance with yet another embodiment of the
invention;

[0032] FIG. 7A is a cross sectional view of the core tem-
perature sensor of FIG. 3 in use as initially positioning on the
skin with the heater “off”;

[0033] FIG. 7B is a cross sectional view of the core tem-
peraturesensor of FIG. 3 in use as positioning on the skin with
the heater “on” illustrating an “over heated” peripheral com-
partment;

[0034] FIG. 7C is a cross sectional view of the core tem-
peraturesensor of FIG. 3 in use as positioning on the skin with
the heater “off” illustrating equilibrated peripheral and core
compartments;

[0035] FIG. 8A is an illustration of a change in the skin
temperature as a function of time in accordance with an
embodiment of a method of the invention;

[0036] FIG. 8B is an illustration of a change in the skin
temperature as a function of time in accordance with an
embodiment of a method of the invention;

[0037] FIG. 8C is an illustration of a change in the skin
temperature as a function of time in accordance with an
embodiment of a method of the invention;

[0038] FIG.9is anillustration of a core temperature sensor
in accordance with an embodiment of the invention;

[0039] FIG. 10 is a flow diagram showing the operation of
a core temperature sensor, according to some embodiments of
the present invention;

[0040] FIG. 11 is a cross sectional view of an adhesive
layer, according to some embodiments of the present inven-
tion;

[0041] FIG. 12 is an illustration of an adhesive layer,
according to some embodiments of the present invention;
[0042] FIG. 13 is an illustration of an adhesive layer,
according to some embodiments of the present invention;
[0043] FIG. 14 is an illustration of an adhesive layer,
according to some embodiments of the present invention; and
[0044] FIG. 15 is an illustration of an adhesive layer,
according to some embodiments of the present invention.

DETAILED DESCRIPTION

[0045] While multiple embodiments of the instant inven-
tion are disclosed, still other embodiments may become
apparent to those skilled in the art. The following detailed
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description describes only illustrative embodiments of the
invention. It should be clearly understood that there is no
intent, implied or otherwise, to limit the invention in any form
or manner to that described herein. As such, all alternative
embodiments of the invention are considered as falling within
the spirit, scope and intent of the disclosure.

[0046] This invention is fundamentally different than all
other methods and devices for measuring core body tempera-
ture. All other devices known in the art attempt to measure the
temperature of the core thermal compartment by measuring
the temperature of the heat emanating outward from the core
thermal compartment. The temperature of the core thermal
compartment is either measured directly and invasively, or
measured indirectly and non-invasively followed by various
mathematical calculations, assumptions and compensation
factors. The most accurate of the indirect, non-invasive mea-
surements are made by creating a thermal equilibrium across
the peripheral thermal compartment by preventing heat loss
into the ambient environment with an overlaying heater that is
carefully adjusted to skin temperature. In summary, all cur-
rent non-invasive, skin surface measurement techniques of
core body temperature, measure the heat emanating outward
from the core thermal compartment to the skin where the
temperature is measured.

[0047] In contrast, in an embodiment of the invention,
excess heat is added through the skin to the peripheral com-
partment by a heater that is operating at a temperature that is
higher than skin temperature. The overlying heater adds heat
to the skin and peripheral compartment until the temperature
of the peripheral compartment is greater than core tempera-
ture or “overheated.” When the temperature of the peripheral
compartment reaches a temperature that is greater than core
temperature, the heater is turned off. Thermal insulation is
positioned between the heater and the ambient environment,
which prevents the excess heat in the peripheral compartment
from escaping into the ambient environment. Therefore, the
excess heat in the peripheral compartment can only dissipate
into the core thermal compartment, which it does until the two
compartments are in thermal equilibrium at which time the
flow of heat ceases.

[0048] A single temperature sensor on the skin surface can
easily detect when the equilibrium between the core and
peripheral compartments occurs. The excess heat in the
peripheral compartment rapidly dissipates into the core ther-
mal compartment until the temperatures of the core and
peripheral compartments are equal and then the dissipation
abruptly slows. The slope ofthe skin temperature-verses-time
curve, i.e., the skin temperature dissipation curve (such as that
shown in FIG. 8A), abruptly transitions from a steep slope of
rapid temperature decrease (reflecting dissipation of the
excess heat into the core thermal compartment), to an almost
zero slope of very slow temperature decrease (when dissipa-
tion into the core thermal compartment ceases). The tempera-
ture of the underlying core thermal compartment correlates
directly with skin temperature at the point of abrupt change in
the slope of the temperature dissipation curve. We refer to this
as the “thermal load dissipation” technique of measuring core
body temperature.

[0049] Certain embodiments of the invention, such as the
core temperature sensors 100 shown in FIGS. 2A, 2B, 3A, 3B,
3C, 4,5, 6,7A, and 7B, comprise a core temperature sensor
100 that attaches to the skin of the patient or person being
monitored. Certain embodiments of the core temperature sen-
sor 100 includes at least one skin temperature sensor 102 that
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is in conductive thermal contact with the patient’s skin 103,
wherein the skin temperature sensor 102 comprises a thermo-
couple, a thermistor or other electronic temperature sensor.
Other types of thermometry such as thermographic inks could
also be adapted to this technique.

[0050] Closely surrounding (but may be not physically
touching), or overlaying the skin temperature sensor 102 and
in conductive thermal contact with the patient’s skin is the
first surface of a heater 104. The heater 104 may be flexible,
low thermal mass electric resistance heater 104. The surface
area of the heater 104 should be of sufficient size to heat an
adequate surface area of skin. In general, the larger the surface
area heated, the more accurate the core temperature reading.
However, the accuracy of the larger heater 104 must be bal-
anced with the inconvenience of larger heaters. The heater
104, in certain embodiments of the invention, has a low ther-
malmass so that heat is not retained in the heater 104 when the
electric power to the heater 104 is turned off. When the power
is turned off, heat transfer to the skin from the heater 104
ceases very quickly. The heater 104 may be made from elec-
trically conductive metal foil, electrically conductive fabric,
electrically conductive film, electrically conductive ink, elec-
trically conductive wire or any other suitable low thermal
mass heater construction. The heater 104, in certain embodi-
ments of the invention, is flexible so that it can conform to the
contours of the body surface.

[0051] Alternately, the heater 104 could be made from
many other higher thermal mass materials such as warm
water pads, heated gels or even heated metals. The heater 104
could be made from materials that produce exothermic
chemical reactions such as the oxidation ofiron. In the case of
higher thermal mass heaters or chemical heaters that cannot
be turned off rapidly, the heater 104 may be physically sepa-
rated from the skin to stop the heating when the heating period
is finished. However the skin must remain thermally insulated
from the ambient environment when the heater 104 is
removed.

[0052] In an alternate embodiment, the heater 104 is not in
conductive thermal contact with the skin. In one such embodi-
ment, heat is transferred to the skin by radiant or convective
means. If a radiant heater 104 is used, it may operate at a
temperature that is significantly higher than the temperature
at which a contact heater 104 may operate.

[0053] In certain embodiments of the invention, the skin
temperature sensor 102 is located substantially in the central
region on the first surface of the heater 104. In certain embodi-
ments of the core temperature sensor 100, such as those
shown in FIGS. 2A, 3A, 4, 5, 6. 7A, and 7B, the skin tem-
perature sensor 102 may be separated from the first surface of
the heater 104 by a thin layer of thermal insulation 106,
minimizing the direct thermal impact of the heater 104 on the
adjacent skin temperature sensor 102. Thus, when the first
surface of the heater 104 is placed against the skin, the skin
temperature sensor 102 is in conductive thermal contact with
the skin and is at least partially thermally insulated from the
heater 104. In certain embodiments of the invention, the layer
of thermal insulation 106 between the skin temperature sen-
sor 102 and the first surface of the heater 104 is sufficiently
small so as to allow heat transfer to occur between the heater
104 and the skin adjacent the skin temperature sensor 102
without directly heating the skin temperature sensor 102.
[0054] Incertain embodiments of the core temperature sen-
sor 100, such as that shown in FIGS. 2B, 3B, and 3C, the
heater 104 has a hole 108 located substantially in the central
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region. The hole 108 is large enough diameter to accommo-
date the skin temperature sensor 102 without making a direct
thermal contact with the sensor 102. In some embodiments,
thehole 108 in the heater 104 is small enough to allow the skin
proximate the skin temperature sensor 102 to be warmed
without directly warming the skin temperature sensor 102.
Since the heater 104 does not directly contact the skin tem-
perature sensor 102, the output of this sensor 102 reflects skin
temperature with minimal direct influence from the heater
104.

[0055] Incertain embodiments of the invention, a relatively
thick layer of thermal insulation 110 is located over the heat-
er’s 104 second surface, on the side away from the skin. This
thick layer of thermal insulation 110 insulates the heater 104
and the measurement zone of skin under the heater 104, from
the ambient environment. In certain embodiments of the
invention, this thick layer of thermal insulation 110 is a high-
loft non-woven fibrous material or closed-cell foam. How-
ever, other thermal insulations such as air spaces or open-
celled foams are also anticipated. The specific material
composition of the relatively thick layer of thermal insulation
110 is not important. Many thermally insulating materials
could work. However, in certain embodiments, this layer 110
provides relatively sufficient thermal insulation of the
warmed skin to limit heat loss to the ambient environment.

[0056] The type and the thickness of the thermal insulation
110 are chosen to provide a resistance to heat flow from the
skin to the ambient environment that is greater than the resis-
tance of heat flow from the skin into the body. In one dimen-
sion, the thermal resistance of a material can be defined as the
thickness of the material divided by the thermal conductivity
of the material. For skin of thickness 12.5 mm with a thermal
conductivity of 0.37 Watts/(meter-° Kelvin), this equates to a
thermal resistance of 0.0338° K/m In certain embodiments of
the invention comprising a similar thickness of insulation 110
but with a thermal conductivity of 0.037 Watts/(meter-°
Kelvin), the thermal resistance of the insulation 110 is ten
times greater than that of the skin. It is possible to achieve
comparable thermal resistances by varying the thickness and
the thermal conductivity of the insulation 110 layer. In certain
embodiments of the invention where a thin device is desir-
able, the insulation 110 layer would comprise a material with
a higher thermal resistance. In some embodiments, a ratio of
the thermal resistance of the insulation 110 layer to the skin
resistance is greater than 1. In other embodiments this ration
is between 2 and 5, and in yet other embodiments this ratio is
greater than 5.

[0057] Incertain embodiments of the invention, to improve
the efficiency of the thermal insulation or to allow for a
thinner thermal insulation layer 110, a second heater may be
added as a “guard heater” (not shown). A second heater or
guard heater may be approximately the same size surface area
as heater 104 and is positioned on the upper side of the
thermal insulation layer 110, the side opposite heater 104.
Like heater 104, the guard heater may be made from electri-
cally conductive metal foil, electrically conductive fabric,
electrically conductive film, electrically conductive ink, elec-
trically conductive wire or any other suitable low thermal
mass heater construction. It is axiomatic that heat cannot
radiate to an object that is equal or greater in temperature than
the radiant source. The guard heater serves as the perfect
thermal insulator between the skin temperature sensor 102
and the environment. To function as a guard heater, a guard
heater temperature sensor is attached to the guard heater and
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the guard heater temperature is controlled to a specific tem-
perature that does not allow radiant heat to escape to the
environment, and yet assures that the guard heater does not
add excess heat to the system. For example, the guard heater
may be controlled to 37° C., which near the expected core
temperature. Alternately, the guard heater may be controlled
to the same temperature as the skin as measured by skin
temperature sensor 102. The guard heater located on the
upper surface of the thermal insulation layer 110, is prevented
from influencing the measured skin temperature by the insu-
lation layer 110 and yet absolutely assures that no heat is lost
from the skin surface to the environment. Thus all excess heat
in the peripheral compartment must flow into the core com-
partment and none is lost to the environment.

[0058] Incertain embodiments of the invention, such as that
shown in FIG. 9, the heater 104 is operationally connected,
for instance, via connector wiring 112 to a controller 114. In
certain embodiments, the controller 114 includes a power
source 116. In certain embodiments, the controller 114
includes a microprocessor 118. The controller 114 may be a
simple “on-off” switch. In this case, the heat production of the
heater 104 would be determined by the voltage of the current
from the power source 116. When the desired skin tempera-
ture is achieved, the heater 104 is simply turned “off” Alter-
nately, the controller 114 may be more sophisticated, regu-
lating the heater 104 temperature to a specific temperature
greater than skin temperature before turning “off” when the
desired skin temperature is achieved. If a non-electric heater
104 is used, the heat can be turned “off” by physically sepa-
rating the heater 104 from contact with the skin.

[0059] In certain embodiments of the invention, the skin
temperature sensor 102 is operationally connected to a con-
troller 114. The timing and/or temperature of the heater 104 is
controlled using the skin temperature sensor 102 which is in
thermal contact with the skin and at least partially thermally
insulated from the surface of the heater 104. When the heater
104 is turned “off”, the low thermal mass of the heater 104
causes it to rapidly cool and then the skin temperature sensor
102 only reflects skin temperature. The skin temperature dis-
sipation curve is detected by the skin temperature sensor 102
and analyzed by a user or by the controller 114 as a math-
ematical algorithm or visual “algorithm,” to determine core
body temperature.

[0060] The simplest “algorithm™, in accordance with cer-
tain embodiments of the invention, is for the user to watch a
display of the sensed temperature on a display 120 of the
controller 114. The user can watch the temperature decrease
rapidly as the heat diffuses into the core thermal compartment
200 during the “thermal load dissipation™ phase. When the
user notes a sudden slowing of the temperature decline, equi-
librium has been reached between the peripheral and core
thermal compartments 202, 200 and the indicated tempera-
ture from the skin surface at that moment correlates with core
body temperature. To create a thermal load dissipation curve,
skin temperature is plotted against time. Therefore, a timing
function is necessary and the output of the timing function is
provided to the “algorithm.”

[0061] Alternately, the skin temperature sensor 102 is con-
nected to a microprocessor 118 in the controller 114, which
determines the rapid change in the slope of the skin tempera-
ture dissipation curve during the “thermal load dissipation”
phase. The microprocessor 118 measures skin temperature
and time and can may be plot the relationship of these two
variables automatically. When the plot of temperature versus
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time is complete and the core temperature is determined, the
microprocessor 118 can be programmed to automatically
display the new temperature and/or make an audible sound. In
certain embodiments of this invention, the microprocessor
118 can also be programmed to automatically repeat the
temperature measurement process at time intervals selected
by the user, for example; every 15 minutes, and then auto-
matically display the new temperature.

[0062] Someembodiments of the present invention provide
a shutoff timer safety feature within controller 114 that cuts
power to a heating element after a certain period of time has
elapsed, irrespective of the feedback provided by a skin tem-
perature sensor 102 concerning the skin temperature. That
period of time is longer than it takes for the device to reach its
operating temperature under normal conditions, but shorter
than it takes to cause thermal burn injury.

[0063] The operation of the safety feature will now be
described in accordance with certain embodiments. In opera-
tion, the controller 114 is first turned on and prompts the
power source 116 to begin supplying power to the heater 104.
The heater 104 continues to receive this power until the skin
temperature sensor 102 senses a threshold temperature. The
threshold temperature can be any desired temperature greater
than core temperature. In some embodiments, the threshold
temperature is 38° C., 40° C., 42° C., or other temperatures as
discussed elsewhere herein. Once the skin temperature sensor
102 senses the threshold temperature, the controller 114
prompts the power source 116 to stop supplying power to the
heater 104.

[0064] The shut-off timer operates simultaneously during
the process just described. Regardless of the temperature
sensed by the skin temperature sensor 102, the shut-off timer
limits the amount of time that power is supplied to heater 104.
This way, in case the skin temperature sensor 102 never
reaches the threshold temperature, the shut-off timer only
allows the power to be supplied for a limited time. This is an
additional safety feature that helps to prevent patients from
being exposed to temperatures at or above the threshold tem-
peratures for a prolonged period of time.

[0065] The operation of the shut-off timer will now be
described in conjunction with the method described more
fully in FIG. 10. Once the controller 114 is turned on (step A),
it prompts the shut-off timer to start (step B). The shut-off
timer runs for a desired period of time and upon expiration of
this period of time, if the heater 104 has not reached a thresh-
old temperature (step D), the controller 114 prompts the
power source 116 to stop supplying power to the heater 104
(step E). In addition, the controller 114 may sound an audio
alarm and/or display a visible cue (step J). The expiration of
the time period (step 1) tells the medical personnel that the
skin temperature sensor 102 may not be working or that the
core temperature sensor may not be applied to the patient
correctly.

[0066] In certain embodiments of the invention, the skin
temperature sensor 102 is enclosed in a hard or soft molded
plastic, rubber or metal shell 205 (FIG. 4). Alternately, the
skin temperature sensor 102 is enclosed in a soft plastic,
waterproof pouch 204. In accordance with certain embodi-
ments of the invention, the surface of the skin temperature
sensor 102 that contacts the skin is a flexible, thin plastic film
that allows conductive heat transfer between the skin and the
skin temperature sensor 102 and heater 104. In another
embodiment, the surface of the skin temperature sensor 102
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that contacts the skin may be made of a rubber or silicon film,
or a laminate that includes a metal foil layer.

[0067] Certain embodiments ofthe core temperature sensor
100 of the invention include a ring of material 206 that is near
the perimeter of the heater 104. The ring of material 206
provides a ring of gentle pressure to the skin surrounding the
skin temperature sensor 102. This pressure prevents blood
from flowing laterally within the peripheral compartment 202
and diluting the temperature equilibrium between the periph-
eral and core thermal compartments 202, 200 with cool blood
from the adjacent peripheral compartment 202. In certain
embodiments of the invention, the ring of material 206 is
similar to a flexible upside-down cup-like structure made of
foam, plastic, rubber or other suitable materials.

[0068] In accordance with certain embodiments of the
invention, the core temperature sensor 100 is attached to the
skin of the patient using an adhesive layer 208. Adhesive 210
may be intermittently located on the adhesive layer 208 and
the size of the adhesive layer 208 may be equal to or larger
than the surface of the skin temperature sensor 102 that con-
tacts the skin. As such, the adhesive layer 208 also serves as a
contamination barrier between the sensor 102 and the patient.
Alternately, it is anticipated that the core temperature sensor
100 can be attached by straps, tapes or any other attachment
means, or held in place by the clinician or patient.

[0069] In certain embodiments, an adhesive layer 208 may
be made of a thin plastic film with “double-faced” adhesive,
so that one face adheres to the skin and the other face adheres
to the core temperature sensor 100. This can be a single piece
of film with adhesive applied to both sides. Alternately,
embodiments of the invention include a skin temperature
sensor 102 placed into a protective pouch (not shown) made
of plastic film and sized to fit the skin temperature sensor 102.
The protective pouch obviates the need to clean the skin
temperature sensor 102 between patient uses. Some or all of
the surface of the protective pouch 204 contacting the patient
may include an adhesive layer 208.

[0070] In another embodiment, the protective pouch may
be made of plastic film with an area of double-faced adhesive
that approximates the size of the surface of the skin tempera-
ture sensor 102 that contacts the patient. One or more exten-
sions of the plastic film can be provided to fold over and cover
the skin temperature sensor 102. The side flaps may be create
a substantially sealed pouch by adhesively attaching one or
more of their outer edges to one another.

[0071] Whether the double-faced adhesive layer 208 is
used alone or incorporated into a pouch, the adhesive faces
may each be covered with removable liners to prevent inad-
vertent adhesion prior to use. In certain embodiments, the
adhesive layer 208 is optimized by utilizing a different adhe-
sive formulation on each face. For example, the adhesive on
the face contacting the patient’s skin is optimized for secure
bonding to skin, yet must be detachable from the skin without
damaging fragile skin. Since the heater 104 may cause local-
ized sweating, certain moisture-tolerant adhesives including
but not limited to hydrocolloids or hydrogels, are preferable
on the face attached to the skin. Other adhesives are antici-
pated for the skin attachment face. Conversely, the adhesive
on the face attached to the skin temperature sensor 102 may
be formulated to securely bond to plastic film and yet be
detachable without leaving a sticky adhesive residue or dam-
aging the film layer of the core temperature sensor 100 when
it is removed.
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[0072] The accuracy of a temperature measurement can be
dependent on the skin temperature sensor 102 being in con-
ductive thermal contact with the skin. When the double-faced
adhesive layer 208 is being attached to the skin temperature
sensor 102 or to the skin, air could be trapped in a space
between the two attachment surfaces and surrounded by an
adhesive seal. This creates an air space that could be a sig-
nificant thermal insulator, adversely affecting the accuracy of
the core temperature sensor 100.

[0073] In certain embodiments, the double-faced adhesive
layer 208 includes one or more air holes 214 punched or cut
through the layer of film 216 and adhesives. The air holes 214
allow air that would otherwise be trapped, forming a bubble,
or air space, between the adhesively bonded layers of film, to
escape. The air holes 214 prevent the inadvertent formation of
thermally insulating bubbles.

[0074] Incertain embodiments, the formation of thermally
insulating bubbles between the adhesively bonded layers of
film is prevented by applying the adhesive in a pattern that
allows venting of the trapped air. For example, the adhesive
210 on one or both faces may be applied in a series of sub-
stantially parallel stripes (FIG. 15), orina “star burst” pattern
with radial stripes (FIG. 14), or in a dotted pattern. In all of
these patterns and others that are anticipated, the air that could
have been trapped, can escape through the non-adhesively
bonded spaces 218 or air venting channels between the adhe-
sive bonds. One advantage of a radial pattern (FIG. 13)is that
a central adhesive dot can be formed by the merging radial
lines proximate to the location of the skin temperature sensor
102 to provide optimal bonding at the skin temperature sensor
102 location.

[0075] The double-faced adhesive layer 208 may be
applied to the skin temperature sensor 102 first to allow any
trapped air to be vented through the air holes 214 or spaces
between the adhesive bonds. Skin attachment can then be
accomplished by a “rolling” motion, starting by contacting
one edge 212 and then rolling toward the other, in order to
minimize air trapping. A flexible embodiment of the core
temperature sensor 100 may be flexed into an arcuate shape
during attachment to aid in a ‘rolling” application to minimize
the risk of air being trapped between the skin temperature
sensor 102 and the skin.

[0076] The method of using this non-invasive core tem-
perature sensor 100, in accordance with certain embodiments
of the invention, is fundamentally different than any other
core temperature sensors. The core temperature sensor 100 of
certain embodiments of the invention is attached to the skin
over-laying the portion of the core thermal compartment 200
that is to be measured, as shown in FIG. 7A. In some embodi-
ments of the invention, the core temperature sensor 100 is
attached to the skin with a two-faced adhesive layer 208. The
skin temperature sensor 102 is likely in conductive thermal
contact with the skin and the over-laying heater 104 may be in
conductive thermal contact with the skin. A thin, thermally
conductive layer of plastic film 216 covers the lower surface
of the skin temperature sensor 102 so that it is interposed
between the skin and the skin temperature sensor 102 and the
heater 104 but allows conductive heat transfer to occur.
[0077] Inembodiments of the invention wherein the heater
104 is in conductive thermal contact with the skin, the heater
104 is energized to a temperature in the range of 2° C. to 40°
C. greater than the core body temperature (39° C. to 77° C.).
In embodiments of the invention wherein the heater 104 is not
in conductive thermal contact with the skin, the temperature
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of the heater 104 may be significantly more than 40° C. higher
than the core body temperature. The heater 104 warms the
tissue of the peripheral compartment 202 to a temperature
greater than the core body temperature, such as the over-
heated peripheral compartment 220 shown in FIG. 7B. The
temperature of the skin and thus the temperature of the over-
heated peripheral compartment 220 are sensed by the skin
temperature sensor 102 that is in conductive thermal contact
with the skin. When the skin and tissue of the peripheral
compartment 202 reaches a predetermined temperature that is
greater than the predicted core body temperature, for example
40° C., the heater 104 is turned “off” This step may be
repeated more than once to assure that the tissuein the periph-
eral compartment 202 below the heater 104 is heated to a
temperature above core temperature or becomes overheated
tissue 220. When the heater 104 is energized, the skin tem-
perature sensor 102 primarily reflects the skin temperature
and not heater 104 temperature, because the heater 104 may
either have ahole 108 or a thin piece of thermal insulation 106
at the location of and over-laying the skin temperature sensor
102. Therefore, heat is not directly applied to the skin tem-
perature sensor 102. If the heater 104 has a hole 108 to
accommodate the skin temperature sensor 102, the edge of
the heater 104 material may be close to the skin temperature
sensor 102 but not in conductive thermal contact.

[0078] The actual core temperature determination may be
made with the heater 104 “off” Due to the low thermal mass
of the heater 104, the heater 104 loses its heat almost instantly
when the electric power is turned off Therefore, at that
moment, the heater 104 adds no more heat to the skin and the
non-energized heater 104 and over-laying, relatively thick
thermal insulation 110 layer act together to prevent heat loss
to the ambient environment.

[0079] The Laws of Thermodynamics dictate that the over-
heated tissue 220 in the peripheral compartment 202 will
immediately begin to lose heat in all directions if possible.
However, the heat is prevented from readily dissipating into
the ambient environment by the relatively thick thermal insu-
lation 110 layer over-laying the heater 104, which causes the
core temperature sensor 100 to become a highly efficient
thermal insulator. In certain embodiments of this invention, a
second heater at the top surface of the thermal insulation layer
110 serves as a guard heater to further increase the efficiency
of the thermal insulation of the temperature sensor 102 from
the environment.

[0080] Since the heat is impeded from dissipating into the
ambient environment, the excess heat is forced to dissipate
into the adjacent core thermal compartment 200. The area of
the peripheral compartment 202 that is chosen to measure the
core temperature is often not an area of excessively thick
subcutaneous fat. A thick layer of subcutaneous fat in the
peripheral compartment 202 prolongs the time required to
reach thermal equilibrium with the core thermal compartment
200. Therefore, areas such as the upper chest, side chest, neck,
forehead or upper arm are generally chosen because these
areas tend not to have excessively thick layers of subcutane-
ous fat. However, other body surface areas are also antici-
pated for core temperature measurement with this invention.
[0081] In certain embodiments, the core temperature sen-
sor 100 is adapted to be placed in the axilla (arm pit) and may
be held in this location with a strap around the upper arm or
adhesively attached to the skin of the arm or chest. Alter-
nately, the core temperature sensor 100 in the axilla can be
squeezed between the upper arm and the chest, when the arm
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is at the patient’s side. The skin temperature sensor 102 may
be contacting the chest or the upper arm. While the upper arm
does not strictly constitute “core body temperature,” it can be
areasonable approximation due to the superficial location of
the axillary artery on the inner arm.

[0082] The interface between the peripheral and core ther-
mal compartments 202, 200 is a relatively large surface area
and is close to the skin temperature sensor 102. Therefore, the
dissipation of heat to the core thermal compartment or the
“thermal load dissipation,” occurs relatively quickly. The skin
temperature sensor 102 will register a rapid drop in the tem-
perature of the peripheral compartment 202. Then when the
temperature of the peripheral and core thermal compartments
202, 200 approach equilibrium, shown as equilibrated core
and peripheral compartments 300 in FIG. 7C, the precipitous
fall in temperature suddenly slows. The algorithm for deter-
mining the core body temperature is based on the point of this
change in the slope of the temperature dissipation curve.
[0083] Critical to understanding the difference between
this invention and prior art core temperature thermometers
that read skin temperature, is the fact that the algorithm for
interpreting the input temperature data is fundamentally dif-
ferent from the prior art. In the prior art, heat from the core
slowly diffuses outward into the peripheral compartment 202
and thus slowly raises the temperature of the peripheral com-
partment 202. With some of the prior art technologies, the
temperature of the peripheral compartment 202 eventually
equilibrates with the core temperature but it may take 20
minutes or more. The temperature-versus-time curve mea-
sured on the skin reflecting that equilibration starts well
below core temperature. The temperature curve rises slowly
at first and then rises even more slowly as it approaches
equilibrium. A variety of complex mathematical calculations
have been proposed for determining when equilibrium has
been reached, because it is difficult to visually determine the
point of equilibrium.

[0084] In certain embodiments of the invention, heat is
added to the peripheral compartment 202 until it reaches a
temperature that is greater than the core thermal compartment
200. Therefore, the starting point for the temperature-versus-
time curve is typically higher than core temperature. When
the heater 104 is turned off, the peripheral compartment 202
rapidly cools. Because the excess heat is dissipating into the
highly-perfused core thermal compartment rather than warm-
ing the peripheral tissue, and because the blood vessels of the
peripheral compartment 202 are dilated, thus maximizing
local blood flow due to the heat, the temperature of the periph-
eral compartment 202 rapidly decreases, reflected by a rela-
tively steep downward temperature-versus-time curve. When
equilibrium has been reached between the peripheral and core
thermal compartments 202, 200, the decreasing temperature
curve abruptly slows and this slowing is reflected in the slope
of the curve flattening. This point in the slope of the tempera-
ture decline curve is easily detectable, either with a visual
inspection algorithm or a simple mathematical algorithm.
The temperature at this point correlates with core tempera-
ture.

[0085] Some lateral heat dissipation to the adjacent cool
peripheral compartment 202 tissues may occur. This lateral
heat dissipation is primarily due to collateral blood flow, not
simple thermal diffusion. The effect of this lateral dissipation
onthetemperature dissipation curve is minimized by creating
a relatively large distance between the centrally located skin
temperature sensor 102 and the lateral edge 212 of the heated
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area. However, the thermal equilibrium between the periph-
eral and core thermal compartments 202, 200 will be lost in
time because of collateral blood flow between the heated and
the surrounding un-heated peripheral compartment 202 tis-
sues. This will cause the skin temperature to slowly decrease
below core temperature.

[0086] FIG. 8B is an illustration of a change in the skin
temperature as a function of time in accordance with certain
embodiments ofa method of the invention. The following key
explains the symbols used in FIG. 8B.

[0087] Time Spans:
[0088] A=Before Heating Is Initiated.
[0089] B=Heating Applied.
[0090] C=No Heating, Rapid Skin Temperature

Decrease Thermal Dissipation Into Core.
[0091] D=No Heating, Slow Temperature Decrease,
Peripheral compartment 202 Equilibrated With Core.

[0092] Skin Temperatures:
[0093] TEMP 1=Initial Skin Temperature.
[0094] TEMP 2=Skin Temperature After Peripheral

compartment 202 Equilibration with Core.
[0095] TEMP 3=Maximum Skin Temperature Achieved
or “Threshold” Temperature.
[0096] FIG. 8C is an illustration of a change in the skin
temperature as a function of time in accordance with certain
embodiments of a method of the invention. The following key
explains the symbols used in FIG. 8C.

[0097] Time Span
[0098] Al=Before Heating Is Initiated.
[0099] Bl=Heating Being Applied.
[0100] CI=No Heating, Rapid Skin Temperature

Decrease Thermal Dissipation Into Core.

[0101] DI1=No Heating, Slow Temperature Decrease,
Peripheral compartment 202 Equilibrated With Core.

[0102] B2=Repeated Application of Active Heating.

[0103] C2=No Heating, Rapid Skin Temperature
Decrease Thermal Dissipation Into Core.

[0104] D2=No Heating, Slow Temperature Decrease,
Peripheral compartment 202 Equilibrated With Core.

[0105] Skin Temperature

[0106] TEMP 1=Initial Skin Temperature.

[0107] TEMP 2A=Skin Temperature After Peripheral
compartment 202 Equilibration with Core at Initial
Time.

[0108] TEMP 2B=Skin Temperature After Peripheral
compartment 202 Equilibration with Core at a Second
Time.

[0109] TEMP 3=Maximum Skin Temperature Achieved
or “Threshold” Temperature.

[0110] Theeffect ofthis collateral flow of cool blood can be
minimized by adding a ring of material 206 that surrounds the
skin temperature sensor 102 and that can be mechanically
pushed against the skin. Pressure is transmitted to the skin by
the ring of material 206, occluding the blood vessels sur-
rounding the skin temperature sensor 102 and minimizing the
collateral blood flow from the surrounding peripheral com-
partment 202. The effect of adding this ring of material 206 is
to stabilize the temperature curve in thermal equilibrium with
the core thermal compartment for a longer time.

[0111] The heater 104 of certain embodiments also serves
to accelerate the equilibration between the core and periph-
eral temperatures. The thermal diffusivity of human tissue
(how fast the tissues can transfer heat) is significantly related
to the flow of blood in the tissue. When a patient is cold and
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trying to conserve heat, their peripheral vessels constrict and
slow the transfer of heat from the core thermal compartment
to the peripheral compartment 202. When a patient is warm,
the peripheral vessels dilate and speed the transfer of heat
from the core thermal compartment to the peripheral com-
partment 202. In accordance with certain embodiments of the
invention, the equilibration between the periphery and core
thermal compartments is accelerated by locally raising the
temperature and causing local vasodilation of the peripheral
vessels. This is in contrast to existing “heat flux” sensors that
are adjusted to equal skin temperature and prevent heat loss
and, as such, do not vasodilate the peripheral vessels and thus
require 20 minutes or more to reach equilibration between the
peripheral and core thermal compartments 202, 200.

[0112] In accordance with an alternate embodiment of the
invention, continuous temperature monitoring is provided by
adding a second skin temperature sensor 302 (see FIG. 6)
adjacent the first surface of the heater 104 and on the opposite
side of the thin thermal insulation 106 adjacent the skin (or
first) temperature sensor 102. Two temperature sensors 302,
102 separated by a thermal insulation 106 layer of known
thermal conductivity constitutes a “heat flux transducer.” The
second temperature sensor 302 detects heater 104 tempera-
ture and, in certain embodiments of the invention, is used to
control the heater 104 temperature to a “null heat flux.” In this
configuration the core temperature sensor 100 in accordance
with certain embodiments of the invention operates as a con-
tinuous core temperature sensor comprising a heat flux trans-
ducer and an over-laying heater 104 controlled to a tempera-
ture that equals skin temperature. Rather than the 15-20
minutes of equilibration required by current null heat flow
temperature monitors, the continuous core temperature sen-
sor of certain embodiments of the invention equilibrates in a
relatively short period of time due to the initially higher heater
104 temperatures. After the initial temperature is recorded
using the thermal dissipation technique of this invention, the
heater 104 in certain embodiments can be controlled to skin
temperature to maintain thermal equilibrium so that continu-
ous temperature measurements are possible. In this embodi-
ment, the core temperature sensor 100 of this invention con-
verts to a null heat flux type of monitor after the initial
temperature determination. A second skin temperature sensor
302 may also be used in embodiments, such as that shown in
FIG. 3C, having a hole 108 in the heater 104. In such embodi-
ments, the second skin temperature sensor 302 measures
heater 104 temperature and may be used to provide feedback
to controller 114 regarding heater 104 temperature. Control-
ler 114 may use the heater 104 temperature data in many
ways, including helping ensure the heater 104 does not
exceed a threshold temperature.

[0113] Allotherthermometers for measuring core tempera-
ture of the human body rely in some way on the migration of
heat from the core thermal compartment 200 to a location that
can be measured. The non-invasive core body temperature
sensor 100 of certain embodiments of this invention is just the
opposite. FIG. 8A is an illustration of a change in the skin
temperature as a function of time in accordance with an
embodiment of a method of the invention. In certain embodi-
ments of the core temperature sensor 100 of the instant inven-
tion, heat is added to the peripheral compartment 202 until the
temperature of the peripheral compartment 202 is greater
than the core temperature or “overheated.” At that point the
heating is stopped and the rate of heat dissipation or “thermal
load dissipation” is monitored at the skin surface. The core
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temperature is determined by the sudden change in the slope
of the temperature dissipation curve (temperature versus
time). The point where the steep slope of the “thermal load
dissipation” phase and the sudden flattening of the slope in the
thermal equilibrium between the peripheral and core thermal
compartments 202, 200 phase intersect, correlates with the
core body temperature.

[0114] Various modifications and additions may be made to
the exemplary embodiments presented hereinabove without
departing from the scope and intent of the present invention.
For example, while the disclosed embodiments refer to par-
ticular features, the scope of the instant invention is consid-
ered to also include embodiments having different combina-
tions of features different from and/or in addition to those
described herein. Accordingly, the scope of the present inven-
tion is intended to embrace all such alternatives, modifica-
tions, and variations as falling within the scope and intent of
the embodiments of the invention described herein.

1. A core temperature sensor for non-invasively measuring
a temperature of a core thermal compartment of a human
body or other mammal comprising:

a skin temperature sensor that is adapted to be placed in
conductive thermal contact with the skin over-laying a
portion of the core thermal compartment;

a heater comprising a first surface adapted to face the skin,
wherein a central region of the first surface of the heater
is positioned to surround the skin temperature sensor;

alayer of thermal insulation proximate a second surface of
the heater and opposite the first surface of the heater
facing the skin; and

a controller to start and stop heat from the heater and to
determine the core thermal compartment temperature,
the controller operable to analyze a skin temperature-
versus-time dissipation curve that occurs when the heat
from the heater is stopped, wherein determination of the
core thermal compartment temperature is established
based on a slow temperature decrease portion of the
curve determined by waiting for an empirically deter-
mined amount of time following the discontinuation of
the heating.

2. The core temperature sensor of claim 1, wherein the
controller is operably coupled to the heater and the skin
temperature sensor, and the controller is configured to raise
the temperature of the heater above the temperature of the
core thermal compartment temperature, and to stop heating
the skin when a threshold skin temperature is reached.

3. A core temperature sensor for non-invasively measuring
a temperature of a core thermal compartment of a human
body or other mammal comprising;

a skin temperature sensor that is adapted to be placed in
conductive thermal contact with the skin over-laying a
portion of the core thermal compartment;

aheater comprising a first surface adapted to face the skin,
wherein a central region of the first surface of the heater
is positioned to surround the skin temperature sensor;

the heater is capable of heating the skin proximate the skin
temperature sensor to a skin temperature greater than the
temperature of the core thermal compartment and then is
capable of rapidly discontinuing heating;

alayer of thermal insulation proximate a second surface of
the heater and opposite the first surface of the heater
facing the skin; and

a controller attached to the skin temperature sensor which
is correlated with time to create a skin temperature-
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versus-time dissipation curve when the heating is dis-
continued by the controller, the controller configured to
analyze the skin temperature-versus-time dissipation
curve to determine a slow temperature decrease portion
of the curve, wherein the slow temperature decrease
portion of the curve may be determined by waiting for an
empirically determined amount of time following the
rapid discontinuation of the heating to establish a tem-
perature measurement of the core thermal compartment.

4. The core temperature sensor of claim 3, wherein the
heater includes a hole in its central region and the skin tem-
perature sensor is located within the hole.

5. The core temperature sensor of claim 3, wherein the
central region of the first surface of the heater is positioned
over the skin temperature sensor.

6. The core temperature sensor of claim 5, wherein the skin
temperature sensor is separated from the first surface of the
heater by a thin piece of thermal insulation.

7. The core temperature sensor of claim 3, wherein the
heater is configured to be energized to a temperature equal to
or greater than 39° C.

8. The core temperature sensor of claim 3, wherein the skin
temperature sensor is one or more of a thermistor, a thermo-
couple, and a thermographic ink.

9. The core temperature sensor of claim 3, wherein the
heater is one or more of an electrically conductive metal foil,
an electrically conductive fabric, an electrically conductive
film, an electrically conductive wire.

10. The core temperature sensor of claim 3, wherein the
heater is one or more of a exothermic chemical reaction pad,
a heated material including one or more of water, a gel, or a
metal.

11. The core temperature sensor of claim 3, wherein the
heater is flexible.

12. The core temperature sensor of claim 3, wherein the
heater is adapted to be in conductive thermal contact with the
skin over-laying the portion of the core thermal compartment,
the heater operable to a temperature in the range of 2° C. to
40° C. greater than the temperature of the core thermal com-
partment.

13. The core temperature sensor of claim 3, wherein the
layer of thermal insulation is one or more of a high loft
non-woven fibrous material, a foam material, an air space.

14. The core temperature sensor of claim 3, wherein the
controller is an on-off switch.

15. The core temperature sensor of claim 3, wherein the
controller regulates the heater to achieve a prescribed tem-
perature and/or time.

16. The core temperature sensor of claim 3, wherein the
skin temperature sensor, the heater and the thermal insulation
are enclosed in a water-proof plastic housing to form the core
temperature sensor comprising the core temperature sensor
and the plastic housing includes a plastic film layer for sepa-
rating the heater and skin temperature sensor from the skin.

17. The core temperature sensor of claim 16, wherein the
first surface of the heater and skin temperature sensor are
bonded to the plastic film layer of the plastic housing.

18. The core temperature sensor of claim 3, wherein the
skin temperature sensor, the heater and the thermal insulation
are enclosed in a water-proof plastic pouch to form the core
temperature sensor and the plastic pouch includes a plastic
film layer for separating the heater and core temperature
sensor from the skin.
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19. The core temperature sensor of claim 18, wherein the
first surface of the heater and skin temperature sensor are
bonded to the plastic film layer of the plastic pouch.

20. The core temperature sensor of claim 3, further com-
prising an adhesive layer.

21. The core temperature sensor of claim 20, wherein the
adhesive layer is a double-faced adhesive comprised of a
layer of film material with adhesive applied to both sides.

22. The core temperature sensor of claim 20, wherein the
adhesive layer includes at least two different adhesive formu-
lations, the formulation on one face is optimized for skin
attachment and release and the formulation on the other face
is optimized for attachment to and release from the core
temperature sensor.

23. The core temperature sensor of claim 20, wherein the
adhesive layer includes one or more holes cut through the film
material and adhesive.

24. The core temperature sensor of claim 20, wherein the
adhesive layer includes adhesive that has been applied in a
stripe-like or dot pattern, wherein the space between the
stripes or dots of adhesive constitutes one or more air venting
channels.

25. The core temperature sensor of claim 3, further com-
prising a protective pouch attachment means.

26. The core temperature sensor of claim 25, wherein the
adhesive layer comprises a protective pouch attachment
means that includes a double-faced adhesive comprised of
adhesive applied to both sides of one layer of the protective
pouch.

27. The core temperature sensor of claim 25, wherein the
adhesive layer includes one or more holes cut through the film
material and adhesive.

28. The core temperature sensor of claim 25, wherein the
adhesive layer includes adhesive that has been applied in a
stripe-like or dot pattern wherein the space between the
stripes or dots of adhesive constitutes one or more air venting
channels.

29. The core temperature sensor of claim 3, further com-
prising a raised ring of material near the perimeter which
occludes collateral subcutaneous blood flow when pressure is
applied by the core temperature sensor to the skin.

30. The core temperature sensor of claim 3, further com-
prising a second heater positioned on the opposite side of the
thermal insulation layer from the skin heater.

31. The core temperature sensor of claim 30, further com-
prising a temperature sensor on the second heater and a con-
troller wherein the controller adjusts the temperature of the
second heater to approximate 37° C.

32. The core temperature sensor of claim 30, further com-
prising a temperature sensor on the second heater and a con-
troller wherein the controller adjusts the temperature of the
second heater to approximate the temperature of the skin as
sensed by the skin temperature sensor.

33. The core temperature sensor of claim 3, wherein the
controller is configured to analyze the skin temperature-ve-
sus-time dissipation curve to determine the intersection of the
slopes of a rapid temperature decrease portion of the curve
and of the slow temperature decrease portion of the curve.

34. The core temperature sensor of claim 3, wherein the
heater is capable of heating the skin proximate the skin tem-
perature sensor to a minimum of 2° C. greater than the tem-
perature of the core thermal compartment and then is capable
of rapidly discontinuing heating.
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35. A method of non-invasively measuring a temperature
of a core thermal compartment of a human body or other
mammal, the method comprising:

placing a skin temperature sensor in conductive thermal
contact with a skin over-laying a portion of the core
thermal compartment;

placing a heater with a sufficiently large surface area such
that a central region of a first surface of the heater is
positioned to surround the skin temperature sensor and a
layer ofthermal insulation is proximate a second surface
of the heater opposite the first surface of the heater
facing the skin;

energizing the heater to heat the skin to a temperature
greater than the core thermal compartment temperature;

de-energizing or removing the heater to stop heating the
skin; and

monitoring with a controller, a cooling of the skin with the
skin temperature sensor, and analyzing and interpreting
one or more changes in the skin temperature-versus-
time dissipation curve to determine the core thermal
compartment temperature, wherein analyzing and inter-
preting one or more changes in the temperature-versus-
time dissipation curve comprises waiting an empirically
determined amount of time after stopping the heating of
the skin to establish a temperature measurement for the
core thermal compartment.

36. The method of claim 35, further comprising energizing

the heater to a temperature equal to or greater than 39° C.

37. The method of claim 35, further comprising de-ener-
gizing the heater when the skin s at a temperature greater than
39°C.

38. The method of claim 35, further comprising the con-
troller providing instructions to enable a user of the core
temperature sensor to interpret one or more changes in the
skin temperature recorded by the skin temperature sensor
during the steps of energizing and de-energizing the heater to
determine the core thermal compartment temperature.

39. The method of claim 35, further comprising the con-
troller analyzing one or more changes in the skin temperature
recorded by the skin temperature sensor during the steps of
energizing and de-energizing the heater to determine the core
thermal compartment temperature, and indicating the core
thermal temperature on the display.

40. The method of claim 35, further comprising the con-
troller determining the temperature of the core thermal com-
partment based on an intersection point between a first slope
of rapid dissipation in the skin temperature and a second slope
of slow dissipation in the skin temperature.

41. The method of claim 35, wherein analyzing and inter-
preting one or more changes in the temperature-versus-time
dissipation curve comprises determining the slow tempera-
ture decrease portion of the curve.

42. A core temperature sensor for non-invasively measur-
ing a temperature of a core thermal compartment of a human
body or other mammal comprising:

a skin temperature sensor that is adapted to be placed in
conductive thermal contact with the skin over-laying a
portion of the core thermal compartment;

a heater comprising a first surface adapted to face the skin,
wherein a central region of the first surface of the heater
is positioned to surround the skin temperature sensor;

the heater is capable of heating the skin proximate the skin
temperature sensor to a skin temperature greater than the
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temperature of the core thermal compartment and then is
capable of rapidly discontinuing heating;

alayer of thermal insulation proximate a second surface of
the heater and opposite the first surface of the heater
facing the skin;

a controller attached to the skin temperature sensor which
is correlated with time to create a skin temperature-
versus-time dissipation curve when the heating is dis-
continued by the controller; and

the controller configured to analyze the skin temperature-
versus-time dissipation curve, and to determine the slow
temperature decrease portion of the curve, wherein the
slow temperature decrease portion of the curve may be
determined by waiting for an empirically determined
amount of time following the rapid discontinuation of
the heating to establish a temperature measurement for
the core thermal compartment.

43. A core temperature sensing system for non-invasively
measuring a temperature of a core thermal compartment of a
human body or other mammal, the system comprising:

a heater adapted to be placed in thermal contact with the
skin overlaying a portion of the core thermal compart-
ment, the heater configured to heat the skin above the
temperature of the core thermal compartment;

a skin temperature sensor adjacent the heater, the tempera-
ture sensor adapted to be placed in thermal contact with
the skin overlaying a portion of the core thermal com-
partment and to generate temperature data;

a display; and
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a controller operably coupled to the heater, the skin tem-
perature sensor and the display, the controller config-
ured to raise the temperature of the heater above the
temperature of the core thermal compartment, and to
discontinue heating the skin when a threshold skin tem-
perature is reached, the controller further configured to
determine the temperature of the core thermal compart-
ment based on the skin temperature data and to provide
an indication of the core thermal compartment tempera-
ture on the display, wherein the temperature data is a
skin temperature-versus-time dissipation curve, and
wherein determination of the core thermal compartment
temperature is established based on a slow temperature
decrease portion of the temperature-versus-time curve
determined by waiting for an empirically determined
amount of time following the discontinuation of the
heating.

44. The system of claim 43, wherein the indication of the
core thermal compartment temperature corresponds to an
intersection point of a first slope and a second slope, wherein
the first slope is a rapid temperature decrease portion of the
skin temperature-versus-time dissipation curve, and the sec-
ond slope is the slow temperature decrease portion of the skin
temperature-versus-time dissipation curve.

45. The system of claim 43, wherein the indication of the
core thermal compartment temperature on the display is a
graphical depiction of the skin temperature-versus-time dis-
sipation curve.
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