(12) STANDARD PATENT (11) Application No. AU 2008224637 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Device and method for temperature management of heating pad systems

(61) International Patent Classification(s)
HO05B 1/02 (2006.01) AG61F 7/02 (2006.01)

(21) Application No: 2008224637 (22) Date of Filing:  2008.03.12
(87) WIPO No: WO08/110922

(30)  Priority Data

(31) Number (32) Date (33) Country
60/894,438 2007.03.12 us
(43) Publication Date: 2008.09.18

(44) Accepted Journal Date: 2014.05.08

(71)  Applicant(s)
Medline Industries, Inc.

(72)  Inventor(s)
Ellis, Kent D.

(74)  Agent/ Attorney
Griffith Hack, GPO Box 1285, Melbourne, VIC, 3001

(56) Related Art
US 2001/0020303 A1
US 2003/0013998 A1
US 5948303 A




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

/j'/:j
(19) World Intellectual Property Organization %7
]

-
International Bureau 120 0O

(10) International Publication Number

WO 2008/110922 A3

(43) International Publication Date
18 September 2008 (18.09.2008)

(51) International Patent Classification: CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
HO5B 1/02 (2006.01) AGIF 7/02 (2006.01) EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
(21) International Application Number: LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
PCT/IB2008/000771 MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
(22) International Filing Date: 12 March 2008 (12.03.2008) SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA,7ZM, ZW.
(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(30) Priority Data: ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
60/894,438 12 March 2007 (12.03.2007) US European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
(71) Applicant (for all designated States except US): LMA NO, PL, PT, RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG,
MEDICAL INNOVATIONS LIMITED [SC/SC]; C/O CI,CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
La Rosiere Limited, Maison La Rosiere, PO Box 117,
Victoria, Mahe (SC). Published:
—  with international search report
(72) Inventor; and —  before the expiration of the time limit for amending the
(75) Inventor/Applicant (for US only): ELLIS, Kent, D. claims and to be republished in the event of receipt of
[US/US]; 3220 South Hanford Street, Seattle, WA 98144 amendments
(US). — the filing date of the international application is within two

months from the date of expiration of the priority period
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM, (88) Date of publication of the international search report:
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, 6 November 2008

(54) Title: DEVICE AND METHOD FOR TEMPERATURE MANAGEMENT OF HEATING PAD SYSTEMS

IV Heating| |V Heating
32 Apparatus | | Apparatus 32
\ 2

4~

22.
* Secondary power
2 !supply (e.g., 12V

10 / power supply) | 27

Display

Microprocessor

Primary power
supply (e.g., 48V
power supply)

26

FIG. 1 N @ @

LB

8/110922 A3 |1 000000 0O

(57) Abstract: According to some embodiments, an apparatus for warming a patient on a thermal pad includes a heating element to
& heat a surface of the thermal pad. A power unit is operable to provide power to the heating element. Respective ones of a plurality
& of sensors are coupled to detect temperature at select portions of the surface of the thermal pad, while a heating element sensor is
coupled to detect a temperature of the heating element. A temperature control circuit board is embedded within the thermal pad and
is electrically coupled to the plurality of sensors and the heating element sensor. The temperature control circuit board is operable
to limit a temperature at the surface of the thermal pad to a safe temperature based on the temperature detected by the plurality of
g sensors and the heating element sensor.
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DEVICE AND METHOD FOR TEMPERATURE MANAGEMENT
OF HEATING PAD SYSTEMS

BACKGROUND OF THE INVENTION

Field of the Invention

This invention is in the field of heating control circuits for thermal pads
and more particularly to temperature management of thermal pad systems.

Description of the Related Art

Maintaining the temperature of the patient has recently been realized
as a more important factor in the providing for the health than previously
thought. The temperature of the patient may drop during surgery, when
anesthesia is administered causing sleep, during shock, or as a result of a
number of medical conditions. In such situations, providing a blanket to keep
the warmth in the patient will often be insufficient to maintain and controi the
patient to the right temperature.

Some current systems that provide a flow of heated air over the patient
may not provide sufficient control of the proper temperature of the patient. it
may also be hard o ensure that the heat of the air is properly transferred to
the patient, while at the same time, not overheating any doctors or medical
personal who are performing medical procedures on the patient. in addition,
intravenous fiuid delivery, such as drug delivery, is common in many general
medical and surgery situations. There are no systems today that integrate into
a single power supply and heating system the devices that will maintain the
proper temperature of all sources of heat the patient, such as from an /V fluid,
a thermal pad, room heat, in conjunction with monitoring and controlling the
current temperature of the patient's body.

A thermal pad, as disclosed in U.S. Patent Nos. 6,653,607, 6,924,467,
6,933,469 and 6,967,309, heats to maintain patient normal-thermia with a
unigue X-ray transparent heating element. Temperature of the heating
element is control by fiber optic sensor feed back signal (Photon Controis).
This signal is the highest temperature recorded at various locations on the
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surface cover of the pad. Safe control of thermals applied to a patient’s skin is
the primary function of this contro! design, but this is not sufficient to ensure
that the patient's body is at the correct temperature.

The thermal pad disclosed in the abovementioned U.S. patents fails to
provide a means to prevent the surface temperature of the thermal pad from
exceeding a safe temperature for warming a patient. In other words, in the
event that a patient having a substantially large mass is to be heated while on
the thermal pad, the body mass would cause a substantial thermodynamic
transfer of heat from the patient to the thermal pad. The patient's body would
heat the surface temperature of the thermal pad above a selected safe
temperature of the thermal pad for warming the patient at the very start of the
procedure, but then not be able to respond appropriately to the changes in
temperature needed throughout the surgery. As such, the thermal pad design
of the above U.S. patents fails to guarantee that the surface temperature of
the thermal pad will not exceed the selected safe temperature of the thermal
pad.

it is therefore desirable to have a thermal pad that addresses or
alleviates at least some of the above stated problems.

BRIEF SUMMARY OF THE INVENTION

The invention provides an apparatus for warming a patient on a
thermal pad, the apparatus comprising: a heating element adapted to heat a
surface of the thermal pad; a power unit operable to provide power to the
heating element; a heating element temperature sensor adapted to detect a
temperature of the heating element; a plurality of surface temperature sensors
adapted to detect temperature at a plurality of select portions of the surface of
the thermal pad wherein the apparatus comprises; a temperature controi
circuit board electrically coupled to each of the temperature sensors, the
temperature control circuit board operable to maintain a temperature at the
surface of the thermal pad to a within a selected temperature range based on
the temperature detected by at ieast one of the temperature sensors, and
wherein said temperature control circuit board is embedded within the thermal
pad.

The invention also provides a method for warming a patient on a
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thermal pad using the apparatus described above, the method comprising:
sensing the temperature of a heating element within a central portion of the
thermal pad; wherein the method comprises: sensing the temperature of a
plurality of surface temperature sensors positioned at selected portions of the
surface of the thermai pad to detect temperature at the surface of the thermal
pad; and regulating the power provided to the heating element based on the
temperature detected by at least of the plurality of surface temperature
sensors and a heating element temperature sensor to maintain a temperature
at the surface of the thermal pad to within a selected temperature range.

According to an embodiment described, a method for warming a
patient on a thermal pad includes providing a heating element to heat a
surface of the thermal pad, providing a power unit to power the heating
element, coupling a plurality of sensors proximate select portions of the
surface of the thermal pad to detect temperature at the select portions of the
surface, coupling a heating element proximate the heating element to detect a
temperature of the heating element, and regulating the power provided to the
heating element based on the temperatures detected by the plurality of
sensors and the heating element sensor to limit a temperature at the surface
of the thermal pad to a safe temperature.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

In the drawings, identical reference numbers identify similar elements
or acts. The sizes and relative positions of elements in the drawings are not
necessarily drawn to scale. For example, the shapes of various elements and
angles are not drawn to scale, and some of these elements are arbitrarily
enlarged and positioned to improve drawing legibility. Further, the particular
shapes of the elements as drawn, are not intended to convey any information
regarding the actual shape of the particutar elements, and have been solely
selected for ease of recognition in the drawings.

Figure 1 is a schematic illustration of a temperature management
system, according to one embodiment of the invention.

Figure 2A is an isometric exploded view of the thermal pad having a
temperature control circuit board embedded therein, according to one
embodiment of the invention.
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Figure 28 is a partially exploded detailed view of a portion of the
thermal pad of Figure 2A, according to one embodiment of the invention.

Figure 2C is an exploded view of a temperature controi circuit board,
according to one embodiment of the invention.

Figure 3 is a flowchart of a method to control the temperature of the
thermal pad, according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a schematic illustration of a temperature management
system 1 for a thermal pad 2, according to one embodiment of the invention.

The temperature management system 1 comprises the thermal pad 2
electrically coupled to a power unit 4. The thermal pad 2 includes a lower and
an upper foam layer 6, 8, having a heating element 10 sandwiched
therebetween. A temperature control circuit board 12 is embedded within the
lower foam layer 6 and positioned proximate a corner of the thermal pad 2.
The temperature control circuit board 12 is positioned in the corner of the
thermal pad 2 or otherwise advantageously positioned within the thermal pad
2 such that it is outside a range of radiation (.¢., X-ray) and an expected
patient position when they are reclining on the pad. First and second surface
temperature sensors 14, 16 are positioned within the upper foam layer 8 and
proximate the surface of the thermal pad 2. The first and second surface
sensors 14, 16 may be arranged such that the surface temperature of the
thermal pad 2 at different locations may be determined. Additionally, a heating
element sensor 18 is embedded within the lower foam layer & and proximate
the heating element 10. The heating element sensor 18 is operable to
determine the current temperature of the heating element 10, while the first
and second surface sensors 14, 16 are operable to determine the temperature
at several locations at the surface of the thermal pad 2. The temperature
control circuit board 12 does not allow the temperature at the thermal pad 4
surface to exceed a maximum safe temperature (e.q., approximately 40°C)
and keeps it within a selected temperature range when in operation. in one
embodiment, the heating element 13 may be heated to a maximum safe
temperature.

The power device 4 includes a primary power supply 20, a secondary
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power supply 22, a memory board 24, a microprocessor 25, a USB port 26, a
display 27, a plurality of IV fluid ports 28, and a communications port 30. The
microprocessor 25 provides electronic control of all the components in the
power device 4 and the pad circuit board 12. The communications port 30
provides a data communications path 31 between the power device 4 and the
thermal pad 2. The communications port 31 may take the form of a multi-pin
design. The IV data ports 28 are respectively coupled to a plurality of 1V
heating apparatuses 32. The plurality of I\ heating apparatuses 32 are
powered by the secondary power supply 22. Each of the plurality of IV heating
apparatuses 32 may comprise the various embodiments as described in U.S.
Patent Application No.(Attorney docket number 600071.401). The USB port
26 may be coupled to a computer system 34 to aliow for transfer of stored
data in the memory 24 to the computer system 34. The USB port 26 aliows
access to the memory 24 and various software programs of the computer
system 34 (e.g., an Excel spreadsheet). The computer system 34 may take
the form of a PC, laptop or a hand-held device such as, for example cellular
phone, blackberry, or the like. The computer system 34 may allow a wireless
transmission of data to and from the power unit 4.

The secondary power supply 22 may take the form of a 12-volt power
supply operable to power the power unit 4, each of the plurality of IV heating
apparatuses 32, and the temperature control circuit board 12. The primary
power supply 20 may take the form of a 48-voit power supply operable to
power the heating element 10 embedded within the thermal pad 2. The 12-
volt and 48-volt power supplies may, for example, be supplied by Condor
Electronics and are useful for the conversion of power from AC to DC power.
The data communications path 31 may be one of wireless or wired
communications path. When the data communications path 31 takes the form
of a wired communications path, the wire may be a bidirectional cable. In
other words, the wire is removable at each end. The bidirectional cable may
advantageously aliow for the cable to be replaced without having to replace
the power unit 4 coupled thereto.

A user may select an amount of power to be transferred from the
primary power supply to the heating element 10, such that the heating element
10 may heat the surface of the thermal pad 2 to a desired temperature within a
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safe temperature range (e.g., less than 40°C). The user or the system
software in the microprocessor 25 may select of range of temperatures within
which to maintain the temperature of the pad, depending on the desired use
and operating room procedures. For example, the pad may maintain a
temperature in the range of 30-38°C, or within some other selected range.
The amount of power supplied to the heating element 10 substantially predicts
the amount of heat transferred to the surface of the pad 4, when no patient is
positioned thereon.

Figure 2A shows an isometric exploded view of the thermal pad 2 and
the temperature control circuit board 12 embedded therein, according to one
embodiment of the invention. Figure 28 shows a partially exploded detailed
view of a portion of the thermal pad 2, while Figure 2C shows an exploded
view of the temperature control circuit board 12, according to one embodiment
of the invention.

The temperature control circuit board 12 may take the form of a three-
beam splinter design. The temperature control circuit board 12 may be a fiber
optic circuit board encased within an antistatic foam encasement 13. The
antistatic foam encasement 13 may prevent electrical discharge. The first and
second surface temperature sensors 14, 18, as well as the heating element
temperature sensor 18, may, for example, be fiber optic or infrared sensors
coupled to the circuit board 12. Having the circuit board 1,2 and the sensors
14, 16, 18 embedded within the thermal pad 2, eliminates the need for an
external fiber optic cable coupling the sensors 14, 16, 18 inside the thermal
pad 2 to the power board 4 that is outside the pad, rather, the circuit board 12
is electrical coupled by the bus of wires 31 to a location outside the thermal
pad 2.

it is advantageous for the fiber optic cables to be embedded within the
thermal pad 2 such that less expensive bi-directional cables, which are easily
replaceable, may be-used to form the communication path 31.

The temperature control circuit board 12 includes a microprocessor 36.
The microprocessor 36 is operable to receive temperature data from the first
and second surface sensors 14, 16 as well as the heating element sensor 18.
The heating element 10 is controlied based on temperature information
received from at least one of the surface sensors 14, 16 or the heating
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element sensor 18. The microprocessor 36 receives temperature data from
the surface sensors 14, 16 and the heating element sensor 18, and controls
the heating element 10 according to temperature data received from at least
one of the surface sensors 14, 18 or the heating element sensor 18. At any
given time, the microprocessor 36 selects the one of the specific sensors for
which control of the heating element 10 is based.

When initially activated, the power unit 4 powers the heating element
10 to a default temperature of, for example, approximately 37°C. The surface
temperature of the thermal pad 4 may also be at the default temperature {e.g.,
37°C), if no patient is present on the pad 4. Otherwise, if a patient is present
on the thermal pad 4, the patient may cause a thermodynamic transfer of heat
from a portion of the patient's body to the thermal pad 4. The amount of heat
added to the thermal pad 4 may vary based on a size, shape and weight of the
patient.

The microprocessor 36 is operable to determine whether a patient is
present on the thermal pad 4. For example, the microprocessor 36 may
compare the temperature data from the first and second surface temperature
sensors 14, 16 to temperature data from the heating element sensor 18, or
compare the temperature data of the first and second surface sensors 14, 16
to a temperature of, for example, approximately 32°C. When at least one of
the first and second sensors 14, 16 detects a temperature that is greater than
the detected temperature of the heating element sensor 18 or greater than
approximately 32°C, the patient is present on the pad 4. In response, the
power unit 4 may activate an audible alarm to indicate such an over-
temperature event. The audible alarm may, for example, be manufactured by
Floyd Bell, Inc. and take the form of a chime, blare or ringing. Once it is
determined that the patient is present thereon and causes additional heating of
the thermal pad 2, the microprocessor 36 selects temperature data from the
first and second surface sensors 14, 16 to control the heating element 10.
Such guarantees that the surface temperature of the thermal pad 4 does not
exceed a safe temperature. Otherwise, if it is determined that no patient is
present on the thermal pad 4, the microprocessor 36 selects temperature data
from the heating element sensor 18 to control the heating element 10.

in other words, when the patient is present on the thermal pad 4 and
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causes additional heating of the thermal pad 4, the first and second surface
sensors 14, 16 may serve as master sensors while the heating element sensor
18 serves as a slave sensor. When no patient is present thereon, the heating
element sensor 18 may be the master sensor while the first and second
surface sensors 14, 16 serve as the slave sensors. The temperature data
from the master sensor(s) is selected by the microprocessor 36 to control the
heating element 10 rather than the temperature data of the slave sensor(s).

The microprocessor 36 controls the heating element 10 by instructing
the power unit 4 to supply an amount of power to the heating element 10 that
enables the heating element 10 to maintain a desired temperature. The
amount of power supplied to the heating element 10 depends on the
temperature data from the master sensor(s) 14, 16, 18.

in some embodiments the patient may fully recline along the length of
the thermal pad 4 while in other embodiments the patient may partially recline
or otherwise sit on a portion of the surface of the thermal pad- According to
one embodiment, the patient may sit on the portion of the thermal pad 4 while
having one of the first and the second surface sensors 14, 16 thereunder.
Thus, according to such embodiment, one of the surface sensors 14, 16
serves as the master sensor while the other sensor 14 or 16 and the heating
element sensor 18 serve as the slave sensors. For example, if the first
surface sensor 14 is positioned underneath the patient while the second
surface sensor 16 is not, there will be a thermodynamic transfer of heat from
the patient to the thermal pad 4 surface proximate the first surface sensor 14.
Thus, in such example, the first surface sensor 14 would be the master sensor
while the second surface sensor 16 and the heating element sensor 18 would
be the slave sensor. The microprocessor 36 may use the detected
temperature from the first surface sensor 14 to control the heating element 10.

According to one embodiment, a user may select a desired
temperature of the thermal pad 4 (e.g., greater than 37C). Although the
heating element sensor 18 detects a temperature value substantially
equivalent to a selected temperature, the first and second surface sensors 14,
16 may detect a temperature value greater than the selected temperature (i.e.,
in response to a patient reclining thereon and thermodynamically producing
additional heat). Inresponse, the temperature control circuit board 12
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transmits temperature data of the first and second surface sensors 14, 16 to
the power unit 4 to cause the power provided to the heating element 10 to be
reduced or otherwise deactivated to reduce the surface temperature of the
thermal pad 4 to a safe temperature. When the first and second surface
sensors 14, 16 detect a temperature vaiue greater than a temperature
detected by the heating element sensor 18, the first and second surface
sensors 14, 16 become the master sensors, while the heating element sensor
18 becomes a slave sensor. When the heating element sensor 18 detects a
higher temperature value than the first and second surface sensors 14, 16, the
heating element sensor 18 becomes the master sensor while the first and
second surface sensors 14, 16 become the slave sensors. The determination
of the master and the slave sensor prevents the thermal pad 4 from exceeding
the selected temperature in response to various size, shape, and weight of
patients. Such determination by the microprocessor 36 is advantageous in that
it prevents the pad 4 surface from overheating a patient that may be disposed
thereon. Overheating based on localized temperature sensing that is not
representative of the actual patient temperature is therefore avoided.

The microprocessor 36 also determines errors in the sensors and
transmits an indication of such errors to the power unit 4. The power unit 4
may serve as a self-diagnosing device within the processor 25 that may
indicate malfunctions, such as, for example, whether a specific sensor has
been disconnected. Malfunctions or errors in warming the thermal pad 2
and/or the IV heating apparatuses 32 may be exhibited in the form of LEOs
having various colors. For example, a green LED may suggest proper thermal
operation while a red LED may suggest a malfunction or an error in the
heating of the IV fluid or the pad 2.

The power unit 4 maintains consistent control of the temperature of the
patient from multipie points of operation. it control the temperature of the IV
fluid being input to the patient and can warm the fiuid to a slightly higher
temperature if the body of the patient is deemed to cool. The insertion of
warmer fluid is a more direct and rapid way to directly warm internal organs
and the internal body functions than merely the surface heaters from the pad
10. The microprocessor 25 can coordinate and control a uniform temperature
management system for the patient for multiple heating sources, one the
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thermal pad on which the patient reclines and the other an iV fiuid input
directly to the patient's biood vessels.

in one embodiment, the 1V fluid heaters 32 and the ports 28 are not
present, and in such embodiments, the temperature of the patient is controiled
from the pad 10.

The power unit 4 coupled to the thermal pad 2 is a muiti-functional unit
that provides controlied and safe application system for warming a patient
positioned on the thermal pad 2 (e.g., operating room table) and, in one
embodiment, also for warming [V fluids. The power unit 4 may be used during
surgery to ensure that the patient remains warmed at a safe temperature and
within a selected temperature range. According to one embodiment, the
power unit may be 7" x 7" x 8"-7" (i.e., inclined operational face) and is easily
clamped to an iV pole or other tubular mounting surface. The power unit 4
may, for example, be clamped to the IV pole with a GCX PC1000 clamp. The
power unit 4 may include mounting pads for positioning on a surface, such as,
for example, the operating room (OR) table pedestal.

The power unit 4 includes an operator control display 27 that allows for
easy visual monitoring or manipulation when mounted to a lower portion of the
IV pole. A single encasement of the power unit 4 allows for ease of fluid
shedding and cleaning. The single encasement creates an internal cavity
which allows sufficient air circulation to maintain a cool operating environment.

The memory board 24 embedded within the power unit 4 is operable to
store at feast 100 hours of operating history of the thermal pad 4 and operating
history of the |V heating apparatuses 32. The operating history may be
transferred through the USB port 26 to a spreadsheet (e.g., an Excel
spreadsheet) in the computing system 34. Alternatively, the operating history
may be wirelessly transmitted to and from the computing system 34 over a
secure network such as, for example a WAN or LAN.

An operator of the power unit 4 may access applications in the
computer system 34 via the USB port 26 and transfer data therebetween. For
example, the operator may access the operating history of both the thermai
pad 2 and the |V heating apparatus 32 for a specific patient over a defined
period of time. in one embodiment, the power unit 4 has a clock and calendar
feature that allows the operator to set the local date and time. The operator

10
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may set a timer such that the power unit 4 is activated after a defined amount
of time. Additionally and/or alternatively, the power unit 4 may be set to
deactivate after a desired amount of time.

Furthermore, the power unit 4 is operable to display data in at least one
of several languages. Such allows for the power unit 4 to be programmable to
languages used by medical practitioners around the world. The
programmable features of the power unit 4 may be accessed via an
accompanying computer readable medium (e.g., floppy disk, compact disk, a
USB drive, etc.).

Figure 3 shows a flow diagram of a method 300 of controlling a
temperature management system of the thermal pad 2, according to one
embodiment of the invention.

The method 300 starts at 302, for example in response to an activation
of the power unit 4. The power unit 4 may be activated manually (i.e., user
activated) or automatically (i.e., timer activated). As mentioned above, the
power unit 4 may be initially activated to cause the heating element 10 to heat
to a default temperature value of, for example, approximately 37°C.
Alternatively, the user may select the amount of power to be transferred from
the primary power supply to the heating element 10, such that the heating
element 10 may heat the surface of the thermal pad 2 to the desired
temperature. The desired and the default temperatures are in the safe
temperature range (e.g., less than 40° C).

At 304, the temperature control circuit board 12 receives temperature
values respectively detected by the first surface sensor 14, the second surface
sensor 16 and the heating element sensor 18.

At 306, the microprocessor 36 determines whether the first surface
sensor 14, the second surface sensor 16 and the heating element sensor 18
detect substantially same temperature values. In response tc a determination
that the first surface sensor 14, the second surface sensor 16 and the heating
element sensor 18 detect substantially same temperature vaiues control
passes to 308.

At 308, the microprocessor 36 instructs the power unit 4 to maintain the
supply of power to the heating element 10. The supply of power to the heating
element 10 allows for the thermal pad 2 to remain at the desired temperature.

11
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The method passes control to 304.

At 310, in response to a determination that the first surface sensor 14,
the second surface sensor 16 and the heating element sensor 18 detect
substantially different temperature values, the microprocessor 36 determines
which of the sensors 14, 18, 18 detects the highest temperature value. The
microprocessor will use the temperature from the surface temperature sensor
that detects the highest value on which to base the temperature control. Thus,
if the surface temperature sensor 14 shows a higher temperature than surface
temperature sensor 16, then 14 will become the master on which control is
based. Once either of the surface temperature sensors is above a selected
value, for example 32°C in one case, or a another selected temperature in
another case, they will become the masters for controlling the temperature
since they more accurately reflect the true temperate of the patient.

At 312, the microprocessor 36 determines whether at least one of the
surface sensors 14, 16 detects a temperature greater than a temperature of
the heating element 10. At 314, in response to a determination that at least
one of the surface sensors 14, 16 detects a temperature value that is greater
than a value determined by the heating element sensor 18, the
microprocessor 36 instructs the power unit 4 to deactivate or otherwise
reduce the supply of power to the heating element 10. The power unit 4 may
be deactivated until the temperature at the surface of the thermal pad 2 is
substantially equivalent to the temperature of the heating element 10 or within
the safe temperature range. Alternatively, reducing the power supplied to the
heating element 10 causes the heating element 10 to dissipate less heat,
thereby reducing the temperature of the heating element 10 and the
temperature at the surface of the thermal pad 2. The method passes control
to 304.

Otherwise, if the heating element sensor 18 detects a greater
temperature value than the first and second surface sensors 14, 16, the
method passes control to 308 to maintain the proper temperature.

All of the above U.S. patents, U.S. patent application publications, U.S.
patent applications, foreign patents, foreign patent applications and non-
patent publications referred to in this specification and/or listed in the
Application Data Sheet, are incorporated herein by reference, in their entirety.

12
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From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
Hlustration, various modifications may be made without deviating from the spirit
and scope of the invention. In this description, certain specific details are set
forth in order to provide a thorough understanding of various embodiments of
the invention. One skilled in the art will understand that the embodiments may
be practiced without these details. Of course well-known structures,
equipment and processes associated fluid warming devices, including power
sources and resulting structures have not been shown or described in detail to
avoid unnecessarily obscuring the description. Furthermore, the particular
features, structures, or characteristics may be combinable in any suitable
manner in one or more embodiments. Accordingly, the invention is not limited
except as by the appended claims.

It is to be understood that, if any prior art publication is referred to
herein, such reference does not constitute an admission that the publication
forms a part of the common general knowledge in the art, in Australia or any
other country.

In the claims which follow and in the preceding description of the
invention, except where the context requires otherwise due to express
language or necessary implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense, i.e. to specify the
presence of the stated features but not to preclude the presence or addition of
further features in various embodiments of the invention.
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CLAIMS

1. An apparatus for warming a patient on a thermal pad, the apparatus
comprising:

a heating element adapted to heat a surface of the thermal pad,

a power unit operable to provide power to the heating element;

a heating element temperature sensor adapted to detect a temperature
of the heating element; a plurality of surface temperature sensors adapted to
detect temperature at a plurality of select portions of the surface of the thermal
pad wherein the apparatus comprises;

a temperature control circuit board electrically coupled to each of the
temperature sensors, the temperature control circuit board operable to
maintain a temperature at the surface of the thermal pad to a within a selected
temperature range based on the temperature detected by at least one of the
temperature sensors, and wherein said temperature control circuit board is
embedded within the thermal pad.

2. The apparatus of claim 1 wherein the temperature control circuit board
comprises a microprocessor to receive the temperature detected by the
plurality of temperature sensors, and wherein the microprocessor determines
that a patient is present on the thermal pad when the temperature detected by
at least one of the plurality of surface temperature sensors is above 32°C.

3. The apparatus of claim 1 wherein the temperature control circuit board
comprises a microprocessor to receive the temperature detected by the
plurality of temperature sensors, and wherein the microprocessor determines if
the patient is present on the thermal pad when the temperature detected by at
least one of the plurality of surface temperature sensors is substantially
greater than the temperature detected by the heating element sensor.

4, The apparatus of claim 1, wherein the temperature control circuit board
comprises a microprocessor to receive the temperature detected by the
plurality of temperature sensors, and wherein the microprocessor selects the
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temperature detected by at least one of the plurality of surface temperature
sensors to control the heating element in response to the temperature
detected by at least one of the plurality of surface temperature sensors being
substantially greater than the temperature detected by the heating element
sensor.

5. The apparatus of claim 4 wherein the temperature control circuit board
transmits the temperature detected by the at least one of the plurality of
surface temperature sensors to the power unit to cause the power provided to
the heating element to be reduced such that the amount of heat being
provided to the thermal pad is reduced.

6. The apparatus of claim 1 wherein the temperature control circuit board
comprises a microprocessor to receive the temperature detected by the
plurality of temperature sensors, and wherein the microprocessor selects the
temperature detected by the heating element temperature sensor to control
the heating element in response to the temperature detected by at least one of
the plurality of sensors being substantially equal to or less than the
temperature detected by the heating element sensor.

7. The apparatus of claim & wherein the temperature control circuit board
transmits the temperature detected by the heating element temperature
sensor to the power unit to cause the power provided to the heating element to
be maintained such that the temperature of the heating element is unchanged.

8. The apparatus of claim 1 wherein the power unit comprises a memory
operable to store at least 10C hours of operating data including the
temperature detected by the plurality of surface temperature sensors and the
heating element temperature sensor, and the power applied to the heating
element.

Q. The apparatus of claim 8 wherein the power unit is further operable to
power at least one intravenous {IV} fluid heating apparatus and store at least
100 hours of fluid heating data in the memory.
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10. The apparatus of claim 9 wherein the memory is operable {o transmit
the operating data and the fiuid heating data to a computer system along a
data communications path.

11. The apparatus of claim 10 wherein the data communications path is a
wireless communications path and the computer system takes the form of a
hand-held device capable of wirelessly communicating with the power unit.

12. The apparatus of claim 1 wherein the temperature control circuit board
is a fiber optic board encased within an antistatic foam encasement.

13 The apparatus of claim 1 wherein the plurality of sensors and the
heating element sensor are at least one of fiber optic and infrared sensors.

14, A method for warming a patient on a thermal pad using the apparatus
of claim 1, the method comprising:

sensing the temperature of a heating element within a central portion of
the thermal pad,;

sensing the temperature of a plurality of surface temperature sensors
positioned at selected portions of the surface of the thermal pad to detect
temperature at the surface of the thermat pad; and

regulating the power provided to the heating element based on the
temperature detected by at least of the plurality of surface temperature
sensors and a heating element temperature sensor to maintain a temperature
at the surface of the thermal pad to within a selected temperature range.

15. The method of claim 14, further comprises determining a presence of
the patient on the thermal pad in response to the temperature detected by at
least one of the plurality of surface temperature sensors being above 32°C.

16. The method of claim 14, further comprises determining a presence of
the patient on the thermal pad in response to the temperature detected by at
feast one of the plurality of surface temperature sensors being substantially
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greater than the temperature detected by the heating element sensor.

17. The method of claim 16 wherein determining the presence of the
patient on the thermal pad includes transmitting the temperature detected by
at least one of the plurality of surface temperature sensors to the power unit to
cause the power provided to the heating element to be reduced or otherwise
deactivated to lower the temperature at the surface of the thermal pad to the
safe temperature.

18. The method of claim 16 wherein determining the presence of the
patient on the thermal pad includes transmitting the temperature detected by
the heating element sensor to the power unit to cause the power provided to
the heating element to be maintained such that the temperature of the heating
element is unchanged.

19. An apparatus or method for warming a patient substantially as herein
described with reference to the accompanying drawings.
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