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(57) ABSTRACT

Aspects of the present disclose related to a system. The
system includes a warming device having at least a first zone
and a second zone and a sensor. The system also includes a
controller that includes one or more processor circuits
configured to receive a first sensor reading from the sensor
corresponding to a first zone, wherein the first sensor reading
corresponds to a first heat transfer rate. The one or more
processor circuits are configured to determine whether the
sensor reading is sufficient and increase a first heat transfer
rate to a second heat transfer rate in the first zone in response
to the sensor reading being insufficient.
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ZONE-CONTROLLED WARMING SYSTEM

BACKGROUND

[0001] Warming a person during surgery affords clinical
benefits, such as prevention or treatment of hypothermia,
encouragement of immune system function, promotion of
wound healing, reduction of infection rates, and mitigation
of discomfort.

[0002] Various designs of convective and conductive
warming devices have been proposed. However, the warm-
ing devices generally are limited by transfer of heat to an
overall area and not on specific areas of heating. Further,
warming devices generally rely on electrical power of a
building which can limit mobility of an overall warming
system.

SUMMARY

[0003] Aspects of the present disclosure are related to a
system. The system includes a warming device having at
least a first zone and a second zone and a sensor. The system
also includes a controller that includes one or more proces-
sor circuits configured to receive a first sensor reading from
the sensor corresponding to a first zone, wherein the first
sensor reading corresponds to a first heat transfer rate. The
one or more processor circuits are configured to determine
whether the sensor reading is sufficient and increase a first
heat transfer rate to a second heat transfer rate in the first
zone in response to the sensor reading being insufficient.

BRIEF DESCRIPTION OF DRAWINGS

[0004] FIG. 1 illustrates a block diagram of a zone con-
trolled warming system utilizing one or more sensors and
control valves, according to aspects of the present disclo-
sure.

[0005] FIG. 2 illustrates a block diagram of one or more
sensors operable with the zone-controlled warming system,
according to aspects of the present disclosure.

[0006] FIG. 3 illustrates a flowchart of a method of
determining whether to transfer additional heat to or from a
zone of a warming device, according to aspects of the
present disclosure.

[0007] FIG. 4 illustrates a flowchart of a method of
determining the transfer of additional heat to the zone of a
warming device, according to aspects of the present disclo-
sure.

[0008] FIG. 5 illustrates a flowchart of a method of
determining heating settings for a transfer of heat from a
heat source, according to aspects of the present disclosure.
[0009] FIG. 6 illustrates a top elevational view of an
embodiment of a convective zone-controlled warming sys-
tem, according to aspects of the present disclosure.

[0010] FIG. 7A illustrates a hose system of the embodi-
ment in FIG. 6, according to aspects of the present disclo-
sure.

[0011] FIG. 7B illustrates a front view of the embodiment
in FIG. 7A taken along lines 1-1, according to aspects of the
present disclosure.

[0012] FIG. 8 illustrates a top elevational view of an
embodiment of a convective warming device, according to
aspects of the present disclosure.

[0013] FIG. 9A illustrates a top elevational view of an
embodiment of a conductive zone-controlled warming sys-
tem, according to aspects of the present disclosure.
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[0014] FIG. 9B illustrates a side view of the embodiment
in FIG. 9A taken along lines 2-2, according to aspects of the
present disclosure.

DETAILED DESCRIPTION

[0015] Aspects of the present disclosure relate to a warm-
ing device having multiple heating zones (“zones™) to heat
a patient. The warming device can also have a heat transfer
element to transfer heat from one zone to another zone thus
reducing load on a heat source and conserving power. The
warming device can also have a plurality of sensors to
measure physiological parameters of the patient or physical
parameters of a zone to inform a controller whether to
increase a heat using the heat source or draw heat from
another zone.

[0016] FIG. 1 illustrates a block diagram of a zone-
controlled warming system 100 (“system™). The system 100
can include a warming device 102, a controller 104, a heat
source 106, patient 108, and one or more sensors 112
disposed proximate to the warming device 102.

[0017] The patient 108 can be thermally coupled to a
portion of the warming device 102. In at least one embodi-
ment, the patient 108 is any mammalian animal, preferably
a human. The patient 108 is capable of maintaining normo-
thermia.

[0018] In at least one embodiment, the warming device
102 can be configured to provide heat from the heat source
106 to the patient 108. The warming device 102 can use a
variety of form factors including a blanket, intravenous,
gown, pad, bed, or combinations thereof. The warming
device 102 can be configured to use a variety of different
heat sources 106. For the purpose of conciseness, conductive
heating or convective heating will be described in detail.
Other heat transfer mechanisms are possible such as radia-
tive, advection, or combinations thereof with conduction or
convection. For example, advection heat transfer can be
present in fluidic warming systems such as those sold by 3M
under the trade designation Ranger. In another example,
Infrared (IR) warming of the patient is also possible by using
IR light within a bed or operating room table to warm the
patient.

[0019] In at least one embodiment, the construction of the
warming device 102 can use general principles that are
known. For example, a conductive warming device 102 can
use electrically conductive ink that provides a resistive
element to an electrical current sufficient for the resistive
element to generate heat such as those described in
WO02016186671 by Steffan. The construction of a convec-
tive warming device 102 can be similar to the multi-layered
construction as used in a warming blanket or gown such as
those sold by 3M under the trade designation Bair Hugger.
[0020] The warming device 102 can have a plurality of
zones (e.g., 110, 116, and 118). Generally, the zone refers to
an area of heating. In at least one embodiment, a zone is
thermally separated and does not overlap within another
zone. For example, each zone may have different thermal
characteristics from another zone.

[0021] The zones can be defined by a physical boundary,
such as a border or formed through gaps where heat is not
applied. In at least one embodiment, the zone can corre-
spond to portions of the patient. For exaniple, one zone can
be aligned with the core of a patient and another zone can be
aligned with the extremities (e.g., arms and legs) of the
patient. The alignment of a zone with extremities can be
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particularly useful in a pre-warming procedure (i.e., warm-
ing before induction of anesthesia).

[0022] For the purpose of conciseness, the first zone 110
will be described in detail. The second zone 116, and third
zone 118 may be of similar construction to the first zone 110.
The first zone 110 can have a sensor 112 and a heat
applicator 114.

[0023] The sensor 112 can be measuring device that
measures one or more physiological parameters of the
patient 108 or physical parameters of within first zone 110.
The sensor 112 provides a plurality of sensor readings. In at
least one embodiment, the sensor 112 can be configured to
measure data sufficient to determine an actual heat transfer
rate of the first zone 110. Due to measurement of the heat
transfer rate, the sensor 112 may provide sensor readings to
the controller 104 with sufficient regularity (for example, at
least one per minute, at least once per 30 seconds, at least
once per second). The sensor 112 can be placed in a location
to optimize data collection. For example, using a convective
heat source 106, an airflow sensor can be placed proximate
to an inlet port (i.e., a port for receiving air), in a crevice, or
combinations thereof. Similarly, a temperature sensor can be
placed at a convective heat source 106, within a portion of
the first zone 110, or combinations thereof. In addition, the
sensor can be thermally separated (meaning that a negligible
amount of heat from the first zone 110 is transferred to the
sensor 112). For example, thermal separation can use a
standoff distance between the heat applicator 114 and the
sensor 112, insulation, or combinations thereof. Thus, the
heat applicator 114 does not affect the sensor directly
(although the heat applicator 114 can affect the sensor
reading indirectly by transferring heat to the patient 108 and
be measured). Various types of sensors may be described
herein.

[0024] A heat applicator 114 can dissipate heat such that
the heat from the heat source 106 is not concentrated (which
may cause burning or irritation). For example, a heated coil,
while eflicient at energy transfer, will cause burns if applied
directly to the patient’s skin. The heat applicator 114 can
have a construction or be formed of a material that enables
distribution of heat across its surface and transfer to the
patient 108 through the surface. For example, the heat
applicator 114 can be a polymer, gel, thermally conductive
metal, air, or liquid such as water. In a conductive system,
the heat applicator 114 can be the resistive element or a
material adjacent the resistive element that distributes the
heat from the resistive element. In a convective system, the
heat applicator 114 can be an air permeable layer where
expelled warmed air is distributed and transferred to the
patient 108. In a radiative system, the heat applicator 114 can
be air that dissipates Infrared (IR) energy and/or a reflective
surface. In at least one embodiment, the heat applicator 114
can also include a heat transfer medium 115 described
herein.

[0025] The warming device 102 can also include a heat
transfer element 120. The heat transfer element 120 is
configured to transfer heat between proximate zones, pref-
erably adjacent zones. The heat transfer element 120 is
generally activatable, meaning that it can be electrically
activated by the controller 104. In at least one embodiment,
the heat transfer element 120 is a controllable valve (pref-
erably an electromechanical valve) positioned between
inflatable zones of a convective warming device 102. For
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example, each zone can be fluidically isolated from another
zone except through the controllable valve.

[0026] In at least one embodiment, the heat transfer ele-
ment 120 is a thermal mass that forms a thermal bridge
between two zones. A thermal mass can be particularly
useful in conductive systems. For example, a thermal bridge
can be formed from high thermally conductive materials
such as metals (e.g., copper and aluminum), and metal
reinforced polymers. In another example, the thermal bridge
can be formed by a liquid coolant which can transfer heat
between zones with the aid of a controllable pumping
mechanism. In such a system, each zone may further com-
prise a heat sink, tubing, and between each zone is a pump
in a fluidically closed-loop system.

[0027] The system 100 can include a controller 104. The
controller 104 includes a heat control module 121, a com-
munication module 122, and one or more processor circuits
124. The controller 104 can have one or more modules such
as a heat control module 121 that generally determine a heat
transfer rate in a plurality of zones from the sensors 112. The
heat control module 121 can determine when to activate the
heat transfer element 120 based on a plurality of sensor
readings.

[0028] The controller can also include a communication
module 122. The communication module 122 can be con-
figured to communicatively couple with sensors 112 and
heat transfer element 120. The communication between
various components can be wired or wireless. Due to patient
108 movement, the preferred communication is wireless.
For example, the wireless communication from the commu-
nications module can use a Bluetooth protocol or Wi-Fi
using IEEE 802.11 protocols or even ultra-wide band. Pref-
erably, the wireless signal can operate using a medical body
area network (MBAN) which can operate in the 2360-2390
MHz band or the 2390-2400 MHz band. In at least one
embodiment, the communication is wireless between sensor
112 and heat transfer element 120 and the controller 104, but
wired in other parts. The controller 104 can also include one
or more processor circuits 124. The one or more processor
circuits 124 can be a designed application specific integrated
circuit (ASIC) which is communicatively coupled to the
sensors 112 and the heat transfer element 120, and the heat
source 106.

[0029] The system 100 can include a heat source 106. The
heat source 106 provides thermal energy to the warming
device 102. The heat source 106 can use a variety of heat
transfer mechanisms as described herein.

[0030] In at least one embodiment, the heat source 106 is
powered by a fixed power supply. The heat source 106 can
be powered by a battery to allow portability of the system
100 throughout a hospital. Due to the energy required by a
heat source 106, heat transfer between zones can be par-
ticularly advantageous to portable systems because of power
savings as it is generally less energy intensive to operate heat
transfer elements between zones rather than a convective
heat source 106. An example of a convective heat source 106
can be the warming units commercially available under the
trade designation Bair Hugger by 3M. In at least one
embodiment, the convective heat source is a clinical warm-
ing unit and can have a heat transfer rate of between 1000
BTU/hr and 2000 BTU/hr (average), 1200 BTU/hr and 1800
BTU/hr (average), or preferably 1330 BTU/hr to 1600
BTU/hr (average). Similarly, in a conductive system, the
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heat source 106 can refer to the heating coil or resistive
element. Likewise, in a radiative system, the heat source 106
can be a bulb.

[0031] The heat source 106 can thermally affect a heat
transfer medium 115. The heat transfer medium is the
medium that transfers heat from the heat source 106 to the
heat applicator 114. In at least one embodiment, the heat
transfer medium 115 is optional depending on the type of
heat transfer mechanism. For example, the heat transfer
medium 115 of a radiative system can have a medium of
light. A heat transfer medium 115 of a conductive system is
the same as or similar to the heat applicator 114 (e.g., a cover
that distributes heat). A heat transfer medium 115 of a
convective heat source 106 is air. Heat source 106 heats air,
which is then routed through an air permeable layer (i.e.,
heat applicator 114) of the warming device 102, and warmed
air (i.e., heat transfer medium 115) transfers energy onto the
skin of the patient 108.

[0032] The system 100 can also have an optional second-
ary heating circuit 117. The secondary heating circuit 117
provides heat in addition to the heat source 106. In at least
one embodiment, the secondary heating circuit 117 can
comprise a resistive element coupled to a power source
sufficient to increase the heat transfer rate of the heat source
106. In some embodiments, the secondary heating circuit
117 can be positioned downstream from the heat source 106.
In at least one embodiment, the secondary heating circuit
117 can be a comfort warming unit, such as those commer-
cially available under the trade designation Bair Hugger
under model number 875 from 3M. In at least one embodi-
ment, a comfort warming unit (e.g., a secondary heating
circuit) can be used to increase the thermal performance of
another comfort warming unit (e.g., a heat source). In at least
one embodiment, the comfort warming unit can have an
output of no greater than 1200 BTU/hr and generally around
1000 BTU/hr.

[0033] FIG. 2 illustrates one or more sensors 212. The
sensors 212 can correspond to the sensors 112 from FIG. 1.
The sensors 212 can generally be divided into those that
measure physical parameters 202 of the warming device and
those that measure physiological parameters 208.

[0034] Physical parameters 202 of the warming device can
be measured for feedback of conditions within the warming
device. Examples of sensors that measure physical param-
eters 202 include an air flow sensor 204, and a temperature
sensor 206.

[0035] The air flow sensor 204 senses the flow of air
within a zone (preferably in a convective warming device).
The air flow sensor 204 can be useful in determining the heat
transfer rate to a patient. For example, higher airflow can
result in more heat transfer at the same temperature. Alter-
natively, if the air temperature is lower than body tempera-
ture, the higher airflow can cool a patient.

[0036] A temperature sensor 206 generally records tem-
perature. Temperature sensors can be used that are portable
and preferably a flat format. Various temperature sensors
206 can be used such as resistance temperature detector,
thermocouples, thermistors, contact, and remote tempera-
ture sensors.

[0037] Physiological parameters 208 of the patient can
also be measured. However, some parameters 208, like core
body temperature may vary little between zones. Thus, a
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non-localized sensor measuring physiological parameters
208 may be used in conjunction with at least a sensor
localized to the zone.

[0038] Examples of sensors that measure physiological
parameters 208 include heart rate 210, skin temperature 212,
and core temperature 214. For example, pulse can be con-
nected to vasodilation of a patient and is indicative of when
to reduce heat of the warming device. A core temperature
sensor 214 can measure the core temperature of a patient.
Various core temperature sensors exist such as ingestible
sensors and a zero-heat flux thermometer such as those
commercially available under the trade designation Spo-
tOn® by 3M.

[0039] FIG. 3 illustrates a flowchart of a method 300 for
determining whether to increase or decrease the heat transfer
rate within a zone. Generally, heat may transfer from the
heat source, through the zone of the warming device, and to
a portion of the patient corresponding to the zone at a heat
transfer rate. The transfer of additional heat as used herein
refers to increasing the heat transfer rate from a first transfer
rate to a second transfer rate. Since the first transfer rate can
be negligible between zones (unless the heat transfer ele-
ment has previously facilitated transfer), then the second
transfer rate can be non-zero. In at least one embodiment, the
decreasing of the heat transfer rate in the zone can be
removing heat from the zone since a total amount of heat
transferred is lower.

[0040] The method can begin at block 310. In block 310,
the controller can select a zone. In at least one embodiment,
the zone can be an area that is defined by the heat applicator
and/or the thermal characteristics of the warming device. For
example, in a convective warming device, the shape of a
chamber can form the boundaries of the zone. In a conduc-
tive warming device, the shape of the resistive element can
define the boundaries of the zone.

[0041] In block 312, the controller can receive a first
sensor reading from a sensor corresponding to a first zone.
The sensor is generally located within the zone (however, a
core temperature sensor is unlikely to be located within the
zone). For example, a physiological sensor can communi-
cate with the controller. The physiological sensor may be
isolated to measurements within the zone. For example, a
skin temperature sensor can measure the portion of the
patient within the zone.

[0042] In block 314, the controller can determine whether
the sensor reading is sufficient. In at least one embodiment,
whether the sensor reading is sufficient can be based on a
temperature.

[0043] For example, a sensor reading can be sufficient
when the sensor reading indicates that the zone or the patient
portion within the zone is at a range of temperatures.
Generally, the range of temperatures is from 36 to 44 degrees
C. Higher temperatures than normal body temperatures may
also be possible where the patient is warmed faster at a
higher temperature. For example, the temperature of at no
greater than 44 degrees C. may be applied to an extremity of
the patient to warm the core temperature of the patient. In at
least one embodiment, the range of temperatures can cor-
respond to the normal body temperature for the patient. For
example, in a human adult, the range of temperatures can be
from 36.3 to 37.3 degrees C. In at least one embodiment, the
range of temperatures can also account for when the patient
has undergone vasodilation and is about to sweat. In at least
one embodiment, a sufficient sensor reading can at or above



US 2019/0060106 A1

normothermia (e.g., 36 degrees C.). Thus, an insufficient
sensor reading can be when the temperature is below 36
degrees C.

[0044] In at least one embodiment, an insufficient sensor
reading can refer to an error in data collection for the sensor.
For example, the sensor malfunctioned and is not able to be
read or provides corrupted data.

[0045] In at least one embodiment, the sensor reading may
indicate a heat transfer rate, i.e., the amount of heat provided
to the patient per unit of time. For example, an airflow sensor
and a temperature sensor can be used to estimate the actual
heat transfer rate in the zone. Whether a sensor reading is
sufficient can be based on whether a first heat transfer rate
will cause the patient to maintain the range of temperatures,
or the range of temperatures is present in the zone. In at least
one embodiment, a first zone threshold can be defined by the
likelihood of the patient maintaining the range of tempera-
tures. The first zone threshold can further be based off of a
physiological parameter like core body temperature. The
controller can also determine whether the first heat transfer
rate is within the first zone threshold to determine sufficient
sensor readings.

[0046] In block 316, the controller can increase the heat
transfer rate in the zone if the sensor reading is not sufficient.
In at least one embodiment, the controller can increase the
heat transfer rate by allowing heat to flow from another zone
or by increasing the heat transfer rate from the heat source.
For example, in a convective systemn, if the heat measured by
the skin sensor is indicates a lower than normal body
temperature for the patient, then the warming unit fan speed
can increase to increase the heat delivered to the patient.

[0047] Inblock 318, the controller can determine whether
an excessive heat threshold is met responsive to the sensor
reading being insufficient. In at least one embodiment, the
excessive heat threshold is a threshold that indicates when a
zone temperature is above a heat transfer rate which may
cause the patient to retain excessive heat. In at least one
embodiment, the excessive heat threshold can be based on
the normal body temperature for the region of the patient
that the zone corresponds to. For example, for an extremity,
the excessive heat threshold can be higher than normal body
temperature. For example, the excessive heat threshold may
be 44 degrees C. in the arms but 38 degrees C. in the core
of a patient.

[0048] In at least one embodiment, the excessive heat
threshold can correspond to temperatures of at least 44
degrees C. For example, temperatures of 49 degrees C. or
higher are likely to cause burns, and temperatures of
between 49 and 44 degrees C. may cause irritation or
sweating. In at least one embodiment, the excessive heat
threshold can be based on elevated temperatures (i.c., fever
temperature) of a patient. For example, the excessive heat
threshold may be no greater than 44, 43, 42, 41, or 40
degrees C.

[0049] In block 320, the controller can decrease the heat
transfer rate in the zone in response to the excessive heat
threshold being met. The controller can decrease the heat
transfer rate in a variety of manners. For example, the
controller can activate/open a heat transfer element to trans-
fer a portion of heat from the first zone to a second zone. In
at least one embodiment, depending on the degree of exces-
sive heat, the controller can vent the heat into the atmo-
sphere. The controller can also reduce the heat transfer rate
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of the heat source by deactivating a portion of the heat
source or reducing the temperature or airflow level of the
heat source.

[0050] If the excessive heat threshold is not met, then the
controller can maintain heat settings of the heat source to
maintain the heat transfer rate.

[0051] FIG. 4 illustrates a flowchart of a method 400 for
increasing heat transfer rate in the zone. Method 400 can
correspond to block 316 in FIG. 3. The method 400 can
begin at block 410.

[0052] In block 410, the controller can select a second
zone. The controller can select a second zone in response to
the sensor reading not being sufficient in block 314 of
method 300. In at least one embodiment, the second zone is
an proximate zone that is not coupled (e.g., thermally) to the
first zone. In some embodiments, the second zone is adjacent
to the first zone.

[0053] In block 412, the controller can receive a sensor
reading from a sensor within the second zone or correspond-
ing to the second zone. For example, the sensor may
measure a core body temperature which may correspond to
a core of a patient. In at least one embodiment, the sensor
from block 412 is the same type of sensor as in block 312.
In at least one embodiment, the sensor can be measured from
approximately the same location within the zone (e.g.,
measured within a crevice for both sensors or the same
proximity to the heat source).

[0054] Inblock 414, the controller can determine a second
zone heat transfer rate present in the second zone. The
second zone heat transfer rate determination can be based on
the sensor reading. A heat transfer rate refers to the rate of
heat transfer from one object to another object. For example,
from the heat applicator to the patient. The heat transfer rate
can vary based on the interaction with the warming device.
In at least one embodiment, the heat transfer rate of a
convective warming device can be defined by air tempera-
ture, the airflow being applied to the patient, the specific heat
of the material of the warming device, or combinations
thereof. In at least one embodiment, the heat transfer rate of
a conductive warming device can be defined by the tem-
perature of the pad, any thermal masses or heat transfer
media that retain heat, or combinations thereof.

[0055] In block 416, the controller can determine whether
the excessive heat threshold is met by the second zone heat
transfer rate. In at least one embodiment, the excessive heat
threshold may be the same as determined in block 318. As
discussed herein, the excessive heat threshold can be based
on the portion of the patient corresponding to the zone. In at
least one embodiment, if the heat transfer rate is excessive,
then at least some of the heat can be transferred to the first
zone or otherwise reduced for patient safety or comfort.

[0056] In block 418, the controller can increase a transfer
of heat from the second zone responsive to the excessive
heat threshold being met. For example, if the heat transfer
element is closed/inactive, then the heat transfer rate
between the first zone and the second zone is negligible. If
activated in block 418, then the heat transfer element can
increase the heat transfer rate from about zero to a second
heat transfer rate between zones.

[0057] In block 420, the controller can increase the heat
transfer rate in the first zone by increasing the heat transfer
rate from the heat source in response to the excessive heat
threshold not being met by the second zone.
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[0058] In block 422, the controller can select a third zone.
Thus, optionally, the controller can attempt to cure any
deficiencies in the heat transfer rate in the first zone from any
proximate zones before requesting further increases in the
heat transfer rate from the heat source.

[0059] FIG. 5 illustrates a method 500 for increasing the
heat transfer rate from the heat source. Method 500 can
correspond to block 420 in FIG. 4.

[0060] In block 510, the controller can determine a heat
transfer rate. In at least one embodiment, the heat transfer
rate can be related to a current heat transfer rate of the heat
source including any system losses. In at least one embodi-
ment, a heat transfer rate can be a target heat transfer rate
that can be determined based on how the heat transfer rate
interacts, or is expected to interact with the patient at the
zone. For example, if the first heat transfer rate is 3 calories
per second, the current heat transfer rate of the heat source
is 5 calories per second (i.e.. loss of 2 calories to the system);
the heat transfer rate is 10 calories per second to maintain
temperature of the patient, then the target heat transfer rate
of the heat source can be 12 calories per second.

[0061] In block 512, the controller determines heat set-
tings for the heat source. The heat settings cause the heat
source to produce a certain heat transfer rate. The heat
settings can factor in blower speed, temperature of air flow,
cycle time, or combinations thereof.

[0062] In block 514, the controller can determine whether
heat settings will produce the heat transfer rate. If the heat
transfer rate may be unachievable due to resource con-
straints (such as battery life), then the controller can activate
a secondary heating circuit in block 518. The secondary
heating circuit can make up thermal deficiencies in the heat
source. For example, if a convective heat source is designed
for comfort warming, then the heat source may not have
enough thermal power to warm the patient device. The
secondary heating circuit can be used to increase the heat
transfer rate of the convective heat source.

[0063] If the heat settings will produce the heat transfer
rate, then the method 500 can continue to block 516 where
the heat source is directed by the controller to produce heat
according to the heat settings.

[0064] FIG. 6 illustrates a convective warming system
(“system™) 600 utilizing some of the aspects disclosed
herein. In this particular embodiment, the system utilizes a
forced air warming blanket 612 (“blanket”) which is a type
of warming device. The system 600 can have a controller
604 that is communicatively coupled to a plurality of
convective heat sources (606, 608, 610) (“warming units”).
[0065] The controller 604 is communicatively coupled to
the warming units 606, 608, 610, the valves 626, 628, and
the temperature sensors 620, 622, 624. In this example, the
controller 604 can be wired to the warming units 606, 608,
610, and form wireless communication with valves 626,
628, and the temperature sensors 620, 622, 624. In at least
one embodiment, the controller 604 can wirelessly commu-
nicate with the warmings units 606, 608, 610.

[0066] In at least one embodiment, each warming unit
606, 608, 610 is a comfort warming unit which generally has
a lower power output than other warming units such as a
clinical warming unit. Each warming unit can be coupled to
a hose portion (described herein). For example, warming
unit 606 is coupled to hose portion 638 which is releasably
attached to inlet port 632, warming unit 608 is coupled to
hose portion 640 which is releasably attached to inlet port
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634, warming unit 610 is coupled to hose portion 642 which
is releasably attached to inlet port 636.

[0067] The inlet ports can provide a fluidic link between
the warming units and internal air passageways of the
blanket 612. The blanket 612 can have a dual layer con-
struction. For example, the internal air passageways (also
referred to as an interior space of the blanket 612) are
formed from a first sheet of material 641 (which may be
air-permeable) and a second sheet of material (not shown) of
material bonded together adjacent a periphery using a
peripheral seal 613 which may be formed through ultrasonic
or heat bonding.

[0068] In at least one embodiment, a plurality of linear
seals can define multiple zones within the blanket 612. For
example, the blanket 612 can be divided into a plurality of
zones through multiple linear seals 629, 630. The linear seals
629, 630 function to fluidically isolate the plurality of zones.
For example, the first zone 614 can be separated from the
blanket 612 by linear seals 630 and the valve 626. In at least
one embodiment, a linear seal 630 can be positioned about
a valve 626 such that the only way that air can pass between
the first zone 614 and second zone 616 is through the valve
626. For example, the medial portions of the linear seal 630
pass between a valve 626. Likewise, linear seals 629 and 630
both fluidically isolate zone 616. Linear seal 629 fluidically
isolates zone 618. In at least one embodiment, the valves
626, 628 are electromechanical and are configured to control
the passage of air and maintain an airtight seal with the
linear seals 629, 630.

[0069] In at least one embodiment, the blanket 612 has a
plurality of temperature sensors disposed on any surface of
the first sheet 641, the second sheet, or combinations thereof.
In at least one embodiment, the plurality of temperature
sensors 620, 622, 624 can be thermally separated from the
heat applicator. In the blanket 612, this may be accom-
plished by at least one linear seal 631. For example, the
linear seal 631 can contact at least one point of the peripheral
seal 613 to form a non-inflatable area 633. In this example,
the plurality of temperature sensors 620, 622, 624 can be
thermally separated from the inflatable area 635 of the
blanket (i.e., a heat applicator described herein).

[0070] In operation, the blanket 612 can wrap around a
patient. The plurality of temperature sensors 620, 622, 624
can wirelessly provide sensor readings to the controller 604
which can control the heat transfer rate of the zones 614,
616, 618 within the inflatable area 635 through both the
generation of heat by the plurality of warming units 606,
608, 610 and the interzone/intra blanket transfer facilitated
by valves 626, 628.

[0071] FIGS. 7A-B illustrate a hose portion 638. The hose
portion 638 can be configured to deliver a stream of pres-
surized air into a blanket 612. The hose portion 638 can
include a hose 646. The hose 646 can be generally flexible.
One or more temperature sensors or air flow sensors may
also be present within the hose 646. The hose 646 can couple
to the warming unit 606.

[0072] The hose portion 638 can include a nozzle tip 644
that is configured to mate with an inlet port 632. The nozzle
tip 644 can have an outer surface 652 which is configured to
mate with an inlet port 632. The nozzle tip 644 can also have
an inner surface 654.

[0073] In at least one embodiment, a wire 648 may be
threaded through the nozzle tip 644 on both the inner surface
654 and the outer surface 652. The wire 648 may also be
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threaded through the resistive element 650. The wire 648
can be further coupled to a power source. The power source
may be present in the warming unit 606. In at least one
embodiment, an electrical current can flow through the wire
648 and through the resistive element 650 causing the
resistive element 650 to emit heat. In at least one embodi-
ment, the resistive element 650 can form a secondary
heating circuit sufficient to heat air that flows through the
hose portion 638.

[0074] FIG. 8 illustrates the blanket 600 folded over the
medial plane of the patient 656 such that the patient 656 is
swaddled by the blanket 612. A plurality of zones 614, 616,
618 corresponding to portions of a body of the patient 656.
Each zone has a different thermal profile. For example, zone
614 corresponds to the upper torso of the patient 656 with a
sensor reading of 36 degrees C. Zone 616 corresponds to the
abdominal cavity and core of the patient 656 with a sensor
reading of 38 degrees C. Zone 618 corresponds to the leg
extremities of the patient 656 with a sensor reading of 37
degrees C.

[0075] FIG. 9A illustrates a conductive heating system
700 (“system”). The system 700 can operate based on a
plurality of conductive heat sources 714, 716, 718 (“resistive
elements”). The conductive heating system 700 includes a
warming unit 712 having a periphery 711.

[0076] Within the boundaries established by the periphery
711, the warming unit 712 can have a plurality of resistive
elements 714, 716, 718 disposed therein. The resistive
elements can define boundaries of a plurality of zones 713,
715, 717. For example, resistive element 714 defines a first
zone 713, resistive element 716 defines a second zone 715,
and resistive element 718 defines a third zone 717.

[0077] Each resistive element can have a cover layer 719
disposed thereon. Each resistive element can be electrically
coupled to a power source (not shown) and communica-
tively coupled to the controller 704. Current flowing through
the resistive element can produce heat. The controller 704
can be communicatively coupled to a plurality of sensors
720, 722, 724. Each sensor can transmit a sensor reading to
the controller 704. The controller 704 can function the same
as the controllers discussed herein,

[0078] Each sensor may also be thermally separated from
the resistive element. In at least one embodiment, the
thermal separation can include a sensor disposed on a patient
comfort layer 733. The patient comfort layer 733 can be a
material that is generally breathable such as cotton or a
non-woven. The patient comfort layer can be removable to
facilitate hygienic practices. The patient comfort layer 733
may be attached to the heating pad. The sensor may also be
positioned to have a particular standoff distance from an
edge 731 of the heating pad.

[0079] In at least one embodiment, the heat transfer ele-
ment 726, 728 is a fluidic pump configured to pump a heat
conductive liquid. The heat conductive liquid can transfer
heat from one zone to another zone. The warming unit 712
can have one or more internal fluid channels 725, 727
fluidically coupled to the heat transfer elements 726, 728 and
disposed proximate to the resistive elements 714, 716, 718.
The heat conductive liquid can be stored within the internal
fluid channels 725, 727.

[0080] Each heat transfer element can transfer heat from
one zone to at least an adjacent zone. For example, heat
transfer element 726 can transfer heat from zone 713 to zone
715 using fluid channel 725. Heat transfer element 728 can
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transfer heat from zone 715 to 717 using fluid channel 725.
In at least one embodiment, a closed-loop system can be
arranged to transfer heat from one zone to a proximate zone.
For example, heat transfer element 726 can transfer heat
from fluid channel 725 in zone 713 through fluid channel
727 along the periphery 711 and into zone 718 through 725.
Thus, heat can be transferred from zone 713 to 717.
[0081] Turning to FIG. 9B, the fluid channels 725 can be
disposed on the resistive element layer 718 (i.e., a plurality
of heat sources). In particular, the fluid channels 725 can be
positioned between the resistive element layer 718 and the
cover layer 719. The cover layer 719 may function to protect
the fluid channel 725 and resistive element 718. The cover
layer 719 may also be reflective to help trap heat toward the
patient. Disposed on another side of the resistive element
layer 718 can be a layer 758. In at least one embodiment, the
layer 758 can have a patient facing surface and an upper
surface. The resistive element layer 718 can be disposed on
the upper surface while the patient facing surface can have
a patient comfort layer 733. In at least one embodiment, the
layer 758 can be a heat applicator that disperses the heat
from the resistive element layer 718. The heat applicator is
described further herein. Disposed on the layer 758 is the
patient comfort layer 733. In at least one embodiment, the
resistive element comprises a layer of electrically conduc-
tive ink.

LIST OF ILLUSTRATIVE EMBODIMENTS

[0082] 1. A system comprising:
[0083] a warming device having at least a first zone and a
second zone comprising:

[0084] a sensor,

[0085] a controller comprising:

[0086] one or more processor circuits configured to:
[0087] receive a first sensor reading from the sensor

corresponding to a first zone, wherein the first sensor
reading corresponds to a first heat transfer rate;

[0088] determine whether the sensor reading is suf-
ficient;

[0089] increase a first heat transfer rate to a second
heat transfer rate in the first zone in response to the
sensor reading being insufficient.

2. The system of Embodiment 1, wherein the controller
comprises one or more processor circuits configured to:
[0090] determine whether an excessive heat threshold is
met responsive to the sensor reading being insufficient;
[0091] decrease the first heat transfer rate to a third heat
transfer rate in the first zone in response to the excessive heat
threshold being met.

3. The system of Embodiment 2, wherein the controller
comprises one or more processor circuits configured to:
[0092] receive a second sensor reading in response to the
excessive heat threshold not being met.

4. The system of any of Embodiments 1 to 3, further
comprising: a heat transfer element configured to transfer
heat between the first zone and the second zone.

5. The system of Embodiment 2, wherein the controller
comprises one or more processor circuits configured to
decrease the first heat transfer rate by transferring heat to a
second zone using the heat transfer element.

6. The system of Embodiment 2, further comprising a heat
source, wherein the controller comprises one or more pro-
cessor circuits configured to decrease the first heat transfer
rate by reducing heat received from the heat source.
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7. The system of any of Embodiments 1 to 6, wherein the
controller comprises one or more processor circuits config-
ured to increase a first heat transfer rate in the first zone by:
[0093] increasing a fourth heat transfer rate to a fifth heat
transfer rate from the second zone to the first zone, wherein
the fourth heat transfer rate is negligible.

8. The system of Embodiment 7, wherein increasing the
fourth heat transfer rate from the second zone comprises:
[0094] receiving a third sensor reading from a sensor
corresponding to a second zone;

determining a second zone heat transfer rate present in the
second zone;

determining whether the excessive heat threshold is met by
the second zone heat transfer rate;

increasing a fourth heat transfer rate to a fifth heat transfer
rate from the second zone to the first zone responsive to the
excessive heat threshold being met.

9. The system of Embodiment 8, wherein the controller
comprises one or more processor circuits configured to
increase the first heat transfer rate in the first zone by
transferring heat from a third zone in response to the
excessive heat threshold not being met by the second zone
heat transfer rate.

10. The system of Embodiment 9, wherein transferring heat
from the third zone comprises:

[0095] receiving a fourth sensor reading from a sensor
corresponding to a third zone;

determining a third zone heat transfer rate present in the
third zone;

determining whether the excessive heat threshold is met by
the third zone heat transfer rate;

transferring heat from the third zone responsive to the
excessive heat threshold being met.

11. The system of any of Embodiments 1 to 10, wherein the
controller comprises one or more processor circuits config-
ured to increase the first heat transfer rate in the first zone by:
[0096] increasing a heat transfer rate in the heat source.
12. The system of Embodiment 11, wherein increasing a
heat transfer rate in the heat source occurs in response to the
excessive heat threshold not being met by the second zone
heat transfer rate.

13. The system of Embodiment 11, wherein increasing a
heat transfer rate in the heat source comprises:

[0097] determining a second heat transfer rate for the first
zone;
[0098] determining heat settings of the heat source to

produce the second heat transfer rate;

[0099] directing production of heat according to the heat
settings.

14. The system of Embodiment 13, wherein increasing a
heat transfer rate in the heat source comprises:

[0100] determining that the heat settings of the heat source
will not produce the second heat transfer rate;

[0101] activating a secondary heating circuit based on the
heat source not producing the second heat transfer rate.
15. The system of any of the preceding Embodiments,
wherein the warming device is a convective warming device
and the heat source is a heated air source.

16. The system of any of the preceding Embodiments,
wherein the heat source comprises a hose and a hose nozzle.
17. The system of any of the preceding Embodiments,
wherein the hose nozzle has an inner surface and an outer
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surface, wherein the secondary heating circuit is a resistive
element disposed adjacent to the inner surface of the hose
nozzle.

18. The system of any of the preceding Embodiments,
wherein the warming device is a convective warming blan-
ket.

19. The system of any of the preceding Embodiments,
wherein the warming device is a convective warming gown.
20. The system of any of the preceding Embodiments,
wherein the heat transfer element is an electromechanical
valve communicatively coupled to the controller.

21. The system of any of the preceding Embodiments,
wherein the heat applicator is an air permeable layer of
material.

22. The system of any of the preceding Embodiments,
wherein the warming device is a conductive warming device
and the heat source is an electrical current.

23. The system of any of the preceding Embodiments,
wherein the heat applicator is a resistive element.

24. The system of any of the preceding Embodiments,
wherein the heat transfer element is an electromechanical
valve coupled to a heat conductive liquid.

25. The system of any of the preceding Embodiments,
wherein the secondary heating circuit comprises additional
resistive elements separately controllable from the resistive
element.

26. The system of any of the preceding Embodiments,
wherein the controller comprises a communications module
to communicate with the heat transfer element, the sensor,
and the heat source.

27. The system of any of the preceding Embodiments,
wherein the sensor is thermally isolated from the heat
applicator.

28. The system of any of the preceding Embodiments,
wherein transferring heat refers to increasing a heat transfer
rate.

29. The system of any of the preceding Embodiments,
wherein the one or more processor circuits are configured to
determine whether the sensor reading is sufficient by:

[0102] determining the first heat transfer rate of the first
zone; a
[0103] determining a first zone threshold based on whether

the first heat transfer rate will cause the patient to maintain
a range of temperatures;

[0104] determining whether the first heat transfer rate is
within the first zone threshold.

30. The system of any of the preceding Embodiments,
further comprising a patient.

31. The system of Embodiment 30, wherein the sensor
reading is insuflicient based on whether the first heat transfer
rate will cause the patient to reduce body temperature below
normal body temperature.

32. The system of Embodiment 30, wherein the sensor
measures physiological parameters of the patient.

33. The system of any of Embodiments 30 to 32, wherein a
zone corresponds to an extremity of the patient.

34. The system of any of Embodiments 30 to 33, wherein a
zone corresponds to the core of the patient.

35. The system of any of the preceding Embodiments,
wherein the warming device comprises a heat applicator.
36. A conductive warming device comprising:

[0105] alayer having a patient facing surface and an upper
surface;
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[0106] a plurality of heat sources disposed on the upper
surface and arranged to form a plurality of zones;

[0107] a plurality of sensors, at least one sensor is dis-
posed in a zone from the plurality of zones, wherein the at
least one sensor is thermally isolated from a heat source
from a plurality of heat sources.

37. The conductive warming device of Embodiment 36,
comptising:

[0108] a heat transfer element arranged to transfer heat
between two adjacent zones.

38. The conductive warming device of Embodiment 37,
further comprising fluid channels fluidically coupled to the
heat transfer element and disposed proximate to the plurality
of heat sources.

39. The conductive warming device of Embodiment 38,
wherein the fluid channels are configured to store heat
conductive liquid in a closed-loop.

40. The conductive warming device of any of Embodiments
36 to Embodiment 39, wherein a heat source comprises a
resistive element coupled to a power source.

41. The conductive warming device of Embodiment 40,
wherein the resistive element comprises a layer of electri-
cally conductive ink.

42. A system comprising:

[0109] the conductive warming device of any of Embodi-
ment 36 to Embodiment 41;

[0110] a controller comprising one or more processor
circuits and configured to:

[0111] receive a first sensor reading from a sensor
corresponding to a first zone from the plurality of
zones, wherein the first sensor reading corresponds to
a first heat transfer rate;

[0112] determine whether the sensor reading is suffi-
cient;
[0113] increase a first heat transfer rate to a second heat

transfer rate in the first zone in response to the sensor

reading being insufficient.
43. The system of Embodiment 42, wherein the controller
comprises one or more processor circuits configured to:
[0114] determine whether an excessive heat threshold is
met responsive to the sensor reading being insufficient;
[0115] decrease the first heat transfer rate to a third heat
transfer rate in the first zone in response to the excessive heat
threshold being met.
44. The system of Embodiment 43, wherein the controller
comprises one or more processor circuits configured to:
[0116] receive a second sensor reading in response to the
excessive heat threshold not being met.
45. The system of Embodiment 43, wherein the controller
comprises one or more processor circuits configured to
decrease the first heat transfer rate by transferring heat to a
second zone using the heat transfer element.
46. The system of Embodiment 43, wherein the controller
comprises one or more processor circuits configured to
decrease the first heat transfer rate by reducing heat received
from the heat source.
47. The system of any of Embodiments 42 to 46, wherein the
controller comprises one or more processor circuits config-
ured to increase a first heat transfer rate in the first zone by:
[0117] increasing a fourth heat transfer rate to a fifth heat
transfer rate from the second zone to the first zone, wherein
the fourth heat transfer rate is negligible.
48. The system of Embodiment 47, wherein increasing the
fourth heat transfer rate from the second zone comprises:
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[0118] receiving a third sensor reading from a sensor
corresponding to a second zone;

determining a second zone heat transfer rate present in the
second zone;

determining whether the excessive heat threshold is met by
the second zone heat transfer rate;

increasing a fourth heat transfer rate to a fifth heat transfer
rate from the second zone to the first zone responsive to the
excessive heat threshold being met.

49. A convective warming device comprising:

[0119] a first sheet of material and a second sheet of
material bonded together at a peripheral seal, having an
interior space formed therein;

[0120] an inlet port configured to couple with a heat
source;
[0121] a plurality of zones and at least one non-inflatable

area formed from one or more linear seals bonding portions
of the first sheet and second sheet within the peripheral seal,
wherein the plurality of zones are fluidically coupled to the
inlet port; and

[0122] a plurality of sensors disposed within the non-
inflatable area on the first sheet or the second sheet.

50. The convective warming device of Embodiment 48,
wherein each zone has a sensor and an inlet pott.

51. The convective warming device of Embodiment 48 or
49, wherein the convective warming device is configured to
swaddle a patient.

52. The convective warming device of any of Embodiments
48 to 50, further comprising one or more heat transfer
elements configured to transfer heat between the plurality of
zones.

53. A system comprising:

[0123] the convective warming device of any of Embodi-
ments 43 to 51;
[0124] a comfort warming unit.

54. The system of Embodiment 52, further comprising: a
clinical warming unit.

55. The system of Embodiment 52, further comprising: a
second comfort warming unit.

56. The system of Embodiment 52, further comprising:
[0125] a controller comprising one or more processor
circuits and configured to:

[0126] reccive a first sensor reading from a sensor
corresponding to a first zone from the plurality of
zones, wherein the first sensor reading corresponds to
a first heat transfer rate;

[0127] determine whether the sensor reading is suffi-
cient;
[0128] increase a first heat transfer rate to a second heat

transfer rate in the first zone in response to the sensor
reading being insufficient.
57. The system of Embodiment 56, wherein a first comfort
warming unit is fluidically coupled to the first zone and a
second comfort warming unit is configured to a second zone,
wherein the first zone is fluidically coupled to the second
zone by a heat transfer element, wherein the one or more
processor circuits are configured to increase the first heat
transfer rate by
[0129] increasing a heat transfer rate of the second com-
fort warming unit and activating the heat transfer element.
58. A method comprising:
[0130] receiving a first sensor reading from a sensor
corresponding to a first zone, wherein the first sensor reading
corresponds to a first heat transfer rate;
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[0131] determining whether the sensor reading is suffi-
cient;
[0132] increasing a first heat transfer rate to a second heat

transfer rate in the first zone in response to the sensor
reading being insufficient.

59. The method of Embodiment 58, further comprising:
[0133] determining whether an excessive heat threshold is
met responsive to the sensor reading being insufficient;
[0134] decreasing the first heat transfer rate to a third heat
transfer rate in the first zone in response to the excessive heat
threshold being met.

60. The method of Embodiment 59, further comprising:
[0135] receiving a second sensor reading in response to
the excessive heat threshold not being met.

61. The method of Embodiment 59, further comprising:
decreasing the first heat transfer rate by transferring heat to
a second zone using the heat transfer element.

62. The method of Embodiment 59, further comprising
decreasing the first heat transfer rate by reducing heat
received from the heat source.

63. The method of any of Embodiments 58 to 62, wherein
increasing a first heat transfer rate in the first zone com-
prises:

[0136] increasing a fourth heat transfer rate to a fifth heat
transfer rate from the second zone to the first zone, wherein
the fourth heat transfer rate is negligible.

64. The method of Embodiment 63, wherein increasing the
fourth heat transfer rate from the second zone comprises:
[0137] receiving a third sensor reading from a sensor
corresponding to a second zone;

determining a second zone heat transfer rate present in the
second zone;

determining whether the excessive heat threshold is met by
the second zone heat transfer rate;

increasing a fourth heat transfer rate to a fifth heat transfer
rate from the second zone to the first zone responsive to the
excessive heat threshold being met.

65. The method of Embodiment 64, wherein increasing the
first heat transfer rate in the first zone comprises transferring
heat from a third zone in response to the excessive heat
threshold not being met by the second zone heat transfer
rate.

66. The method of Embodiment 65, wherein transferring
heat from the third zone comprises:

[0138] receiving a fourth sensor reading from a sensor
corresponding to a third zone;

determining a third zone heat transfer rate present in the
third zone;

determining whether the excessive heat threshold is met by
the third zone heat transfer rate;

transferring heat from the third zone responsive to the
excessive heat threshold being met.

67. The method of any of Embodiments 58 to 66, wherein
increasing the first heat transfer rate in the first zone com-
prises increasing a heat transfer rate in the heat source.
68. The method of Embodiment 67, wherein increasing a
heat transfer rate in the heat source occurs in response to the
excessive heat threshold not being met by the second zone
heat transfer rate.

69. The method of Embodiment 67, wherein increasing a
heat transfer rate in the heat source comprises:

[0139] determining a second heat transfer rate for the first
zone;
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[0140] determining heat settings of the heat source to
produce the second heat transfer rate;

[0141] directing production of heat according to the heat
settings.

70. The method of Embodiment 69, wherein increasing a
heat transfer rate in the heat source comprises:

[0142] determining that the heat settings of the heat source
will not produce the second heat transfer rate;

[0143] activating a secondary heating circuit based on the
heat source not producing the second heat transfer rate.

What is claimed is:

1. A system comprising:

a warming device having at least a first zone and a second

7one comprising:
a sensor,
a controller comprising:
one or more processor circuits configured to:
receive a first sensor reading from the sensor corre-
sponding to a first zone, wherein the first sensor
reading corresponds to a first heat transfer rate;
determine whether the sensor reading is sufficient;
increase a first heat transfer rate to a second heat
transfer rate in the first zone in response to the
sensor reading being insufficient.
2. The system of claim 1, wherein the controller com-
prises one or more processor circuits configured to:
determine whether an excessive heat threshold is met
responsive to the sensor reading being insufficient;

decrease the first heat transfer rate to a third heat transfer
rate in the first zone in response to the excessive heat
threshold being met.

3. The system of claim 2, wherein the controller com-
prises one or more processor circuits configured to:

receive a second sensor reading in response to the exces-

sive heat threshold not being met.

4. The system of claim 1, further comprising: a heat
transfer element configured to transfer heat between the first
zone and a second zone.

5. The system of claim 4, wherein the controller com-
prises one or more processor circuits configured to decrease
the first heat transfer rate by transferring heat to the second
zone using the heat transfer element.

6. The system of claim 2, further comprising a heat
source, wherein the controller comprises one or more pro-
cessor circuits configured to decrease the first heat transfer
rate by reducing heat received from the heat source.

7. The system of claim 4, wherein the controller com-
prises one or more processor circuits configured to increase
a first heat transfer rate in the first zone by:

increasing a fourth heat transfer rate to a fifth heat transfer

rate from the second zone to the first zone, wherein the
fourth heat transfer rate is negligible.

8. The system of claim 7, wherein increasing the fourth
heat transfer rate from the second zone comprises:

receiving a third sensor reading from the sensor corre-

sponding to a second zone;
determining a second zone heat transfer rate present in the
second zone;
determining whether an excessive heat threshold is met by
the second zone heat transfer rate;
increasing a fourth heat transfer rate to a fifth heat transfer
rate from the second zone to the first zone responsive to the
excessive heat threshold being met.
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9. The system of claim 8, wherein the controller com-
prises one or more processor circuits configured to increase
the first heat transfer rate in the first zone by transferring heat
from a third zone in response to the excessive heat threshold
not being met by the second zone heat transfer rate.

10. The system of claim 9, wherein transferring heat from
the third zone comprises:

receiving a fourth sensor reading from a sensor corre-

sponding to a third zone;
determining a third zone heat transfer rate present in the
third zone;
determining whether the excessive heat threshold is met by
the third zone heat transfer rate;
transferring heat from the third zone responsive to the
excessive heat threshold being met.

11. The system of claim 4. wherein the controller com-
prises one or more processor circuits configured to increase
the first heat transfer rate in the first zone by:

increasing a heat transfer rate in the heat source.

12. The system of claim 11, wherein increasing a heat
transfer rate in the heat source occurs in response to an
excessive heat threshold not being met by the second zone
heat transfer rate.

13. The system of claim 11, wherein increasing a heat
transfer rate in the heat source comprises:

determining a second heat transfer rate for the first zone;

determining heat settings of the heat source to produce the

second heat transfer rate;

directing production of heat according to the heat settings.
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14. The system of claim 13, wherein increasing a heat
transfer rate in the heat source comprises:

determining that the heat settings of the heat source will

not produce the second heat transfer rate;

activating a secondary heating circuit based on the heat

source not producing the second heat transfer rate.

15. The system of claim 1, wherein the sensor is thermally
isolated from a heat applicator.

16. The system of claim 1, wherein the one or more
processor circuits are configured to determine whether the
sensor reading is sufficient by:

determining the first heat transfer rate of the first zone;

determining a first zone threshold based on whether the

first heat transfer rate will cause a patient to maintain a
range of temperatures;

determining whether the first heat transfer rate is within

the first zone threshold.

17. The system of claim 1, further comprising a patient.

18. The system of claim 17, wherein the sensor reading is
insufficient based on whether the first heat transfer rate will
cause the patient to reduce body temperature below normal
body temperature.

19. The system of claim 17, wherein the sensor measures
physiological parameters of the patient.

20. The system of claim 17, wherein a zone corresponds
to an extremity of the patient.

* ok %k



[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

IPCHRS

CPCH%E=

L5

S EREELE

E)

X H R RE

US20190060106A1 NI (»&E)B

US16/109247 RiEH

B e 7R IE N SRE & 2 7

SMEIFTHRAA

SMEIFARAA

ZABEL MATTHEW
BALTHAZOR JARED J
COLLINS MELANIE L
DION PHILIP G

DORAN DANIEL P
EGELAND MARC A
LUND YVONNE
MAHARAJ GLENN R
MCGREGOR ANDREW J
STARK JOHN R

ZABEL, MATTHEW
VOSTAL, MICHAEL
PANN, POEUTH
BALTHAZOR, JARED J.
COLLINS, MELANIE L.
DION, PHILIP G.
DORAN, DANIEL P.
EGELAND, MARC A.
LUND, YVONNE
MAHARAJ, GLENN R.
MCGREGOR, ANDREW J.
STARK, JOHN R.

A61F7/00 A61B5/01 A61B5/00

2019-02-28

2018-08-22

patsnap

AG61F7/007 A61B5/01 A61B5/4836 H05B3/36 A61B2017/00084 A61B5/0008 A61B5/024 A61B5/6823
A61B5/6824 A61B5/6828 A61B2505/05 A61F7/0085 A61F7/0097 A61F7/02 A61F2007/006 A61F2007
/0091 A61F2007/0093 A61F2007/0096 A61F2007/0226 A61F2007/0231 A61F2007/0258 A61F2007

/0295 HO5B1/025

62/549224 2017-08-23 US
62/549302 2017-08-23 US

Espacenet USPTO

ANTFHFESR—HRE. ZRAGBFEFEIF-XENE -_XENMAREENZRER, ZRALTERFER , ZRHRE
—MESMCERERE  ZABERBRWRENNTNTE - XENERFERE —LRRRY , HhE —ARFRBN LT —
BRRER, — RSN ERBEREERDN TABREHTEMBEERRZRETEBH ANE - AREREMIE - X

P E CERER,


https://share-analytics.zhihuiya.com/view/99a88dcd-d4a7-4d97-a70e-3cc062cd8a55
https://worldwide.espacenet.com/patent/search/family/065436410/publication/US2019060106A1?q=US2019060106A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190060106%22.PGNR.&OS=DN/20190060106&RS=DN/20190060106

108
Patient

I100
110

) Warming Device

102
First Zone f

112 Sensor(s)

114
1 Heat f 104
Applicator

Controlier
121

Heat Control

Heat Transfer I
120,
Module

Element

116 {22
v Secondizons Communication
118 _ Module

! Third Zone

117
Processor
J»@a
Secondary

Heating Circuit

—




