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& (57) Abstract: In general, the invention concerns techniques for communicating between a user, such as an emergency medical
professional, and one or more medical devices, such as a cooling device. A user interface may display data, such as data received
from sensors of a cooling device or other medical device, data received from other sensors proximate to the body of the patient, or
information entered by the user. The user interface may display the data in multiple display modes based upon patient parameters.
The display mode may further be based on the medical devices used to monitor or provide therapy to the patient. For example, the
user interface may have a cooling device display mode and a defibrillator display mode.
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USER INTERFACE FOR MEDICAL DEVICE

TECHNICAL FIELD
[0001] The invention relates to medical devices, and more particularly, to user

interfaces for medical devices.

BACKGROUND
[0002] When a patient suffers a medical condition such as a stroke or a life-
threatening heart rhythm, prompt monitoring, diagnosis or treatment may make a
significant difference to the patient. In some cases, a patient may suffer a medical
condition in a hospital setting, but in other cases, the patient may suffer the
condition at an emergency site away from a hospital. In either case, quick
application of appropriate therapy can be very important to the life and health of
the patient.
[0003] Stroke, for example, is a medical condition that may be treated by prompt
administration of hypothermic therapy. Many patients that suffer strokes die as a
result of the stroke, and a significant fraction of those who survive suffer some
degree of neurological damage. In many cases, hypothermic therapy within the
first few minutes of the onset of a condition may retard neurological damage and
make the difference between life and death for the patient. Prompt hypothermic
therapy may also make a dramatic difference in the quality of life of the patient.
[0004] There have been many different techniques studied to produce hypothermia
in the body, including invasive and non-invasive techniques, such as the use of
cold packs, ice blankets, injecting a cooled saline solution into the blood stream,
heating the hypothalamus, cooling the air around the patient, and circulating of a
coolant fluid around the patient. Some techniques are more effective than others.
Many of these techniques involve bulky apparatuses that are difficult to transport
to the patient, and are usually available only in a hospital setting. In addition,
many of these techniques rely upon the training of specially skilled hospital
personnel. There may be a significant delay in administration of hypothermic

therapy while the patient is being taken to the hospital.
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[0005] In some cases, a patient may suffer from several conditions that require
distinct therapies. For example, a patient undergoing hypothermic therapy may
experience a potentially life-threatening heart arrhythmia, and may benefit from
defibrillation. In such a case, a defibrillator or other medical device may be used

to provide therapy to the patient.

SUMMARY
[0006] In general, the invention is directed to communication between a user, such
as an emergency medical professional, and one or more medical devices via a user
interface. The medical devices may monitor, diagnose or provide treatment for the
patient, or any combination thereof. The user interface may display data to a user,
and the displayed data may include data received from sensors of a medical device,
data received from other sensors on the body of the patient, or information entered
by the user.
[0007] For example, a cooling device may be placed on a patient for cooling the
body of the patient. The cooling device may include sensors that generate signals
as a function of a patient parameter such as temperature, oxygen saturation levels,
blood flow, heart rate, brain electrical action, end tidal carbon dioxide levels or the
like. The user interface may display the data from the signals to the user.
[0008] Further, the user interface may display data in several different display
modes. The user interface may select a display mode based upon patient
parameters. For example, the user interface may have a cooling display mode, a
stroke display mode and a cardiac display mode. When in the stroke display mode,
the user interface may display body parameters important for monitoring and
treatment of a stroke patient including, for example, oxygen saturation of blood
flowing to the brain, temperature of the body, and electrical activity in the brain.
When in the cooling display mode, user interface the user interface may, for
example, display the temperature at different locations of the body of the patient,
the flow rate of coolant and carrier gas, and the temperature of coolant and carrier
gas. When in the cardiac display mode, information pertaining to the heart rate,
heart thythm and condition of the heart may be featured. Some data may be
featured in more than one display mode. Cooling display mode and stroke display
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mode, for example, may both display body temperatures. Stroke display mode and
cardiac display mode may both present heart rate and heart thythm data. User
interface may also support other display modes based on the medical devices used
to monitor or provide therapy to the patient, or other factors. For example, the user
interface may include a first display mode for information pertaining to a first
medical device and a second display mode for information pertaining to a second
medical device. The user may switch between the different display modes of the
user interface using a touch screen, a display button or the like. Furthermore, the
user interface may automatically select among different display modes. In one
embodiment, the user interface may change from one display mode to another
display mode as a function of the medical condition of the patient. For instance,
when the user interface is displaying information in a stroke display mode and the
patient’s heart fails, the user interface may display an alarm, and change to a
cardiac display mode.

[0009] In a typical embodiment of the invention, a user may supply data to the user
interface via an input device. Input from the user may include patient information,
display preferences, and control information. The patient information may include
information such as age, sex, weight, and medical history of the patient. Display
preferences may include information to customize the display mode. For example,
the user may input display preferences indicating which of the signals from the
medical devices or sensors to display on a display screen, and the form of the
signal to display, e.g., graphically, numerically, or textually. Control information
may include patient parameter information, such as a target temperature value, a
temperature range, a minimum body temperature, a minimum skin temperature,
minimum heart rate and the like. The control information, along with the patient
information and sensor data, may be used to affect a medical device, such as a
cooling device.

[0010] In one embodiment, the invention is directed to a system that includes a
cooling device placed in contact with a body of a patient. The system also includes
amedical device and a user interface configured to display data from the cooling
device and the medical device. The user interface may have one display mode for

the cooling device and another display mode for the other medical device, and may



WO 2004/030585 PCT/US2003/030708

select between the display modes. In addition, the user interface may receive
information from a user.

[0011] In another embodiment, the invention presents a system comprising a
cooling garment placed in contact with a body of a patient and a set of temperature
sensors in contact with the body. At least one of the temperature sensors is within
the cooling garment. The system also includes a user interface that displays
temperature data from the sensors mapped to the body of the patient. The system
may also include sensors that detect properties other than temperature, such as an
oxygen sensor, a velocity Doppler probe, an electrocardiogram (ECG) sensor, and
an electroencephalograph (EEG) sensor.In a further embodiment, the invention is
directed to a method comprises receiving data from sensors of a cooling device that
is in contact with a body of a patient. The method further comprises storing at
least a portion of the data from the sensors. The method also includes transmitting
at least a portion of the stored data to a medical facility. The data may include data
collected from monitoring the patient as well as information received from a user,
such as estimates of the age and weight of the patient.

[0013] In an additional embodiment, the invention presents a method comprising
receiving information from a user, receiving temperature data from a temperature
sensor of a cooling garment in contact with a body of a patient, and receiving other
patient data from other sensors of the cooling garment. The method further
includes displaying at least a portion of the temperature information from the user,
the temperature data from the temperature sensor, and other patient data from the
other sensors to the user. The displayed data may include temperature data
mapped to the body, for example, or data received from other sensors. The data
may be displayed according to one or more display modes.

[0014] In another embodiment, the invention is directed to a method comprising
receiving temperature data from at least two temperature sensors in contact with a
body of a patient. The method also includes mapping the temperature data to a
portion of the body of the patient. The method further includes displaying the
mapped temperature data.

[0015] In a further embodiment, the invention is directed to a method comprising

receiving first data from a first medical device and receiving second data from a
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second medical device. The method further includes selecting between displaying
first data from the first medical device to displaying second data from the second
medical device.

[0016] The invention may provide numerous advantages. The user interface may
allow a user to monitor more than one medical device with a single user interface.
The user interface may also allow a user to monitor different patient conditions, i.e.
stroke condition, heart failure conditions, and cooling conditions, via a single user
interface. The user interface may further change display modes upon a medical |
condition warning the user of the patient’s medical condition and change to a
display screen from monitoring that particular condition.

[0017] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings,

and from the claims.

BRIEF DESCRIPTION OF DRAWINGS
[0018] FIG. 1 is a schematic diagram illustrating a front view of an exemplary
headgear used for cooling of a patient, according to an embodiment of the
invention.
[0019] FIG. 2 is a schematic diagram illustrating a front view of an embodiment
the headgear shown in FIG.1.
[0020] FIG. 3 is a schematic diagram illustrating a split cross-sectional profile of
the exemplary headgear of FIG. 2.
[0021] FIG. 4 is a flow diagram illustrating the cooling process occurring inside
the headgear of FIG. 2.
[0022] FIG. 5 is a schematic diagram illustrating a cross-sectional view of another
embodiment of the headgear of FIG. 1.
[0023] FIG. 6 is a schematic diagram illustrating a front view of an exemplary
upper body gear used for cooling of a patient, according to an embodiment of the

invention.
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[0024] FIG. 7 is a schematic diagram illustrating a front view of another exemplary
upper body gear used for cooling of a patient, according to an embodiment of the
invention.

[0025] FIG. 8 is a schematic diagram illustrating a front view of another exemplary
upper body gear used for cooling of a patient, according to an embodiment of the
invention.

[0026] FIG. 9 is a schematic diagram illustrating a front view of an exemplary
lower body gear used for cooling of a patient, according to an embodiment of the
invention.

[0027] FIG. 10 is a schematic diagram illustrating a cross-sectional view of a body
gear, according to an embodiment of the invention.

[0028] FIG. 11 is a schematic diagram illustrating a cooling system used to cool a
patient, according to an embodiment of the invention.

[0029] FIG. 12 is a schematic diagram illustrating an exemplary cooling feedback
system, according to an embodiment of the invention.

[0030] FIG. 13 is a block diagram illustrating the cooling feedback system of FIG.
12. .

[0031] FIG. 14 is a flowchart illustrating the interaction of various feedback
components of the cooling feedback system of FIG. 13 to control the cooling
process of patient.

[0032] FIG. 15 is a block diagram illustrating a system in which a user interface is
configured to display information pertaining to a medical device to a user,
according to an embodiment of the invention.

[0033] FIG. 16 is an exemplary screen shot of a display screen of a user interface.
[0034] FIG. 17 is a flow diagram illustrating operation of the system of FIG. 15.
[0035] FIG. 18 is a flow diagram illustrating a user interface changing display
modes in response to a medical condition, according to an embodiment of the

invention.

DETAILED DESCRIPTION
[0036] FIG. 1 is a schematic front view of an exemplary headgear 10 used for

cooling of a patient 12. Headgear 10 is one embodiment of a cooling garment.
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Headgear 10 comprises a deformable enclosure member 14. Enclosure member 14
deforms so that enclosure member 14 may be placed upon the head of patient 12.
Enclosure member 14 includes one or more spacers (not shown) that separate at
least a portion of enclosure member 14 from the body of patient 12 defining a
space. A spacer may be coupled to headgear 10. Alternatively, a spacer may
detach from headgear 10.

[0037] Once placed upon the head of patient 12, enclosure member 14 may be held
in place with fasteners 16A and 16B (collectively fasteners 16), allowing a user,
such as emergency medical personnel to administer other treatments to patient 12.
Fastener 16A adjusts just above face 20 and fastener 16B adjusts under chin 22, so
as to fit around different size heads. Securing fasteners 16 causes seal members
17A and 17B (collectively seal members 17) to contact the body of patient 12,
substantially isolating the space inside enclosure member 14 from an exterior
environment.

[0038] Enclosure member 14 may be formed from a substantially compliant
material, such as rubber, plastic, or airtight cloth. Enclosure member 14 may have
a different rigidity for an anterior portion as opposed to a posterior portion. For
example, the posterior of enclosure member 14 may be more rigid in order to
support the weight of patient 12. Seal members 17 may be formed from a pliable
material such as rubber, plastic, or silicone, and may be sewn, bonded, or
otherwise affixed to enclosure member 14. Seal member 17, for example, may be
a flexible rubber web, an O-ring tube seal, a collapsible tube or the like. Fasteners
16 may be any sort of fastening device such as a zipper, Velcro, a button, a clip, a
buckle, a strap, an adhesive, or the like.

[0039] Enclosure member 14 may include an ear access 24, which allows outside
access to the ear of patient 12 when headgear 10 is in place on the head. The
temperature of patient 12 may be measured through ear access 24. Ear access 24
may be embodied as an aperture in enclosure member 14, an earflap, or the like.
Enclosure member 14 may further include other body accesses that allow access to
other portions of the head.

[0040] Headgear 10 further comprises a gas intake/outflow unit 26. Gas

intake/outflow unit 26 may include a carrier gas intake port 28 that receives a
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carrier gas supply 30. Gas intake/outflow unit 26 may be substantially rigid, and
may be formed from materials such as non-corrosive metal, plastic, or rubber. Gas
intake/outflow unit 26 and, more particularly, carrier gas intake port 28, fluidly
connects the space between the head of patient 12 and enclosure member 14 to
carrier gas supply 30. In general, gas intake/outflow unit 26 receives a carrier gas
from carrier gas supply 30. A carrier gas mover (not shown) moves the carrier gas
within the space. The operation of gas intake/outflow unit 26 will be described in
more detail below. The carrier gas may be carbon dioxide, nitrogen, air or the like.
Alternatively, the carrier gas may be a mixture of gases. For example, the carrier
gas may be a mixture of carbon dioxide and air. In one instance, air may be mixed
with the carbon dioxide to reduce the temperature of the carrier gas for the safety
of the patient. Carrier gases such as carbon dioxide and nitrogen may be more
effective than air in absorbing evaporated coolant, especially in an environment
with high humidity. For reasons of safety, the carrier gas may be a gas other than
oxygen and non-reactive with oxygen.

[0041] Headgear 10 may further include a coolant port 34 that receives a coolant
supply 36. Coolant port 34 brings coolant supply 36 into fluid communication
with a coolant delivery conduit 38. Coolant delivery conduit 38 may branch at
coolant port 34 into coolant delivery conduit branch 38A and 38B. Coolant
delivery conduit branch 38 A may carry a liquid coolant into headgear 10,
anteriorly to approximately under chin 22, around left side of face 20 of patient 12,
and to the edge of fastener 16A. Coolant delivery conduit branch 38B may carry
the liquid coolant posteriorly around neck 40 of patient 12, then anteriorly to
approximately under chin 22, around right side of face 20, and to the edge of
fastener 16A. In particular, coolant delivery conduit 38 may extend from coolant
port 34 posteriorly around neck 40 to approximately under chin 22 in both
directions. Coolant delivery conduit 38 may proceed from chin 22 around face 20
and terminate at two sites proximate to fastener 16A. The invention encompasses
coolant delivery conduit 38 branching in a fashion different than described above,
or not branching at all.

[0042] The pressure of the coolant in coolant delivery conduit 38 may form a seal

member 18 for the portions of headgear 10 around neck 40 and face 20. In other
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words, coolant delivery conduit 38 may transport coolant around the head and form
a seal proximate to face20. Seal members 17 create the seal at sites around face
20 where coolant delivery conduit 38 does not extend. Alternatively, coolant
delivery conduit 38 may not be a seal member, in which case seal members 17 may
create the seal around face 20. Coolant delivery conduit 38 and/or seal members
17 may also be a spacer that creates the space between the patient and headgear 10.
[0043] Coolant delivery conduit 38 may be flexibly formed from tube-like
structures made of materials such as rubber, plastic, or the like. Coolant delivery
conduit 38 may be shaped to expand and contract to accommodate heads of
different sizes and shapes. Examples of construction of coolant delivery conduit
38 will be described in more detail below.

[0044] Coolant supply 36 is a tube-like structure, which may allow one-way or
two-way flow of the coolant. Coolant supply 36 may be constructed of flexible
tube-like structures made of materials such as rubber, plastic, silicone or the like.
Coolant supply 36 may include a quick-connect coupling (not shown) that mates to
coolant port 34. In a typical application, coolant supply 36 may be coupled to
coolant port 34 after headgear 10 is placed upon the head of patient 12,

[0045] Coolant delivery conduit 38 may include small apertures (not shown) that
allow the coolant to drip out, seep out, mist out, spray out, or otherwise exit the
lumen of coolant delivery conduit 38. In the example of FIG.1, the coolant that
exits from coolant delivery conduit 38 may be applied to the body of patient 12.
For example, the coolant that exits coolant delivery conduit 38 may be applied to
an absorbent layer in contact with the body. The absorbent layer absorbs the
coolant and keeps the coolant in contact with the body. The absorbent layer may
further prevent the coolant from pooling up in areas where gravity tends to pull the
coolant. The absorbent layer may be constructed of material such as
polypropylene, cotton, or the like. The coolant may also be applied directly to the
body of patient 12. Although in this embodiment the liquid coolant is applied to
the body of patient 12, the invention may further include applying the liquid
coolant inside the headgear in other fashions. For example, the coolant that exits

from coolant delivery conduit 38 may also mix with the carrier gas from carrier gas
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supply 30. Liquid coolant need not come in direct contact with the body of patient
12.

[0046] The coolant is typically a liquid that evaporates due to the heat generated
by the head of patient 12 or by a gas flowing over the coolant. Alcohol, water, or a
mixture of alcohol and water are examples of typical coolants. However, the
coolant may also be a gas or a gel. Liquid coolants accept heat and undergoes a
state change to gaseous form. This heat of transformation can be substantial. The
state change of the coolant inside of headgear 10 draws body heat and thereby
cools patient 12. Coolant applied to the body of patient 12 may draw body heat
from direct contact of the coolant and patient 12 through this evaporation process.
If the coolant that is applied within headgear 10 is not applied directly to the body,
such as the example of mixing coolant with a carrier gas, the coolant may draw
body heat from direct contact of the coolant and patient 12 or from heat
propagating outward from patient 12 by radiation or convection. Carrier gas and
coolant in gaseous form are discharged through an exit port 41 located within gas
intake/outflow unit 26 as will be described below, and fresh carrier gas and coolant
replace what has been discharged. _

[0047] Headgear 10 may include multiple coolant delivery conduits, multiple gas
intake ports or both. Multiple conduits and intake ports may allow for localized
cooling of portions of the head. For example, headgear 10 may include four
cooling areas. Each cooling area may be served by a discrete coolant delivery
conduit 38 and a gas intake port 28. Alternatively, each cooling area may include a
common coolant delivery conduit 38 and separate gas intake port 28. The cooling
areas may be separated from one another by one or more dividers that isolate the
space of one cooling area from the space of neighboring cooling areas. The same
coolant supply 36 may supply coolant to each of the coolant delivery conduits.
Alternatively, a separate coolant supply 36 may supply coolant to each of the
coolant delivery conduits. Carrier gas intake ports 28 may also be supplied by the
same carrier gas supply or multiple carrier gas supplies.

[0048] As will be described below, a housing 32 may house a processor to process
information that the processor receives from optical fiber links, a wireless link,

wire link, and the like. For example, the processor may receive information in the
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form of signals from one or more sensors on the body of patient 12. Headgear 10
may further comprise a battery pack 43 that operates headgear 10 when no AC
power source is available. For example, battery pack 43 may power the processor
at the location of a traumatic event. Battery pack 43 may also power the carrier
gas mover or any other electric or electronic components of headgear 10. In this
manner, headgear 10 may be powered by any source, including an alternating
current (AC) power source and a direct current (DC) power source. -

[0049] FIG. 2 is a schematic front view of an embodiment of headgear 10 of FIG.1.
Headgear 10A may further comprise an outer shell 44 and an inner shell 46. A set
of inner spacers 48 creates a separation between patient 12 and inner shell 46, the
separation between patient 12 and inner shell 46 referred to hereinafter as an inner
space 50. A set of outer spacers 51 creates a separation between outer shell 44 and
inner shell 46, the separation outer shell 44 and inner shell 46 referred to
hereinafter as an outer space 52. Inner space 50 is in fluid communication with
outer space 52. Inner shell 46 may be constructed from a rigid to semi-rigid
material such as a plastic, rubber or the like. Outer shell 44 may be constructed
from a rigid to semi-rigid material that is also electrically insulated such as plastic,
rubber, or the like. Outer shell 44 may be constructed from a rigid to semi-rigid
material that is also electrically insulated. Insulation of outer shell 44 may prevent
interference with electrical equipment concurrently being used for treatment and
monitoring of patient 12. Inner spacers 48 and outer spacers 51 may be
constructed from materials such as plastic, rubber, or the like. Alternatively,
spacers 48 and 50 may be a chain, air, or the like.

[0050] Inner spacers 48 may house within them at least one sensor 54 and a
communication link 56. Sensor 54 generates a signal as a function of a patient
parameter such as temperature, oxygen saturation levels, blood flow, heart rate,
brain electrical action, end tidal carbon dioxide levels or the like. Communication
link 56 then relays the signal to a processor, which may be housed in housing 32.
Sensor 54 may be an assortment of sensor devices such as a temperature sensor, a
thermocouple, an oxygen sensor, a velocity Doppler probe, an electrocardio gram

(ECQ) sensor, an electroencephalograph (EEG) sensor, or the like.
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Communication link 56 may include an optical fiber link, a wireless link, a wire
link, or the like.

[0051] Carrier gas entering headgear 10A at carrier gas port 28 enters outer space
52 in gas intake/outflow unit 26. Carrier gas flows in outer space 52 from the
crown of the head toward the neck, where carrier gas enters inner space 50.
Carrier gas flows in inner space 50 from the neck to the crown, exiting at exit port
41 in gas intake/outflow unit 26. Gas intake/outflow unit 26 may include a carrier
gas mover, such as a fan 58, that circulates carrier gas within headgear 10A. Other
carrier gas movers, such as a pressurized carrier gas supply or a pump, may be
used to move the carrier gas instead of or in addition to fan 58.

[0052] FIG. 3 is a schematic diagram illustrating a split cross-sectional profile of
exemplary headgear 10A of FIG. 2. The outer profile of headgear 10A is shown to
the left of line 60 and the inner cross-sectional profile of headgear 10A is shown to
the right of line 60.

[0053] Headgear 10A may comprise a gas fitting 62 mated to carrier gas port 28.
Gas fitting 62 may be a quick-connect coupling that mates carrier gas supply 30 to
gas intake/outflow ,unit 26. Headgear 10A may further comprise a coolant fitting
64. Coolant fitting 64 may be a quick-connect coupling that mates coolant supply
36 to coolant port 34.

[0054] Headgear 10A may also comprise expanders 66A and 66B (collectively
expanders 66). Expanders 66 allow headgear 10A to expand to accommodate
different sizes and shapes of heads. As mentioned previously, the material of
headgear 10A may be more rigid posteriorly from expanders 66 to the back of the
head of patient 12 than anteriorly from expanders 66 to the face 20 of patient 12.
Expanders 66 may be constructed from a material with the ability to stretch and
contract, such as spandex, rubber, elastic or the like.

[0055] Headgear 10A may further comprise a warm air supply 68 and a warm air
nozzle 70 to blow warm air on face 20 of patient 12. When patient 12 undergoes
cooling, patient 12 may shiver. Shivering generates heat and is counterproductive
to the cooling process. Warm air applied via warm air nozzle 70 to face 20 may
reduce shivering. In addition, warm air supply 68 and warm air nozzle 70 may be

applied with enough pressure to blow coolant and carrier gas that may leak from
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headgear 10A away from the eyes, nose, or mouth of patient 12. Warm air supply
68 may be made of a tube-like structure made of materials such as rubber, plastic,
or the like. Warm air nozzle 70 receives warm air from warm air supply 68, and
may spread the warm air to cover a substantial portion of face 20.

[0056] Headgear 10A may also comprise a support pad 72 to support the head of
patient 12. Since patient 12 will be lying for most of the monitoring and treatment
procedures, support pad 72 will give patient 12 some level of comfort.
Furthermore, support pad 72 may prevent wear to the backside of headgear 10A
from friction between the ground and headgear 10A. Support pad 72 may be any
type of padding such as a pillow, a cushion, and the like. Support pad 72 of FIG. 3
is shown as an extension from outer shell 44. Alternatively, support pad 72 may be
located within headgear 10A, and may further be absorbent to collect excess
coolant to prevent the coolant from pooling up in areas where gravity tends to pull
the coolant, such as the back of the head and neck.

[0057] The inner profile of headgear 10A, shown to the right of line 60, illustrates
how headgear 10A circulates cartier gas. Carrier gas supply 30 is coupled to gas
port 28 via gas fitting 62. The carrier gas from carrier gas supply 30 enters outer
space 52 in gas intake/outflow unit 26.

[0058] Coolant supply 36 is coupled to coolant port 34 via cooling fitting 64. The
coolant from coolant supply 36 enters headgear 10A and is carried by coolant
delivery conduit 38. Coolant delivery conduit 38 branches proximate to coolant
port 34, and coolant delivery conduit branch 38B carries coolant posteriorly around
the neck.

[0059] A cross-section of coolant delivery conduit branch 38B is shown in FIG. 3.
In the embodiment shown in FIG. 3, coolant delivery conduit 38 has a pleated
cross-section that allows coolant delivery conduit 38 to conform to different sizes
of necks.

[0060] Small apertures in coolant delivery conduit 38 may allow the coolant to
drip out, mist out, seep out, spray out, or otherwise exit the lumen of cooling
conduit 38 throughout the entire path of cooling conduit 38. In the example of
FIG. 3, the coolant exits the lumen of cooling conduit 38 via small apertures and is

applied to an absorbent layer 74 that is in contact with the head of patient 12. For
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example, the coolant may exit cooling conduit 38 around the face 20, and the
coolant may migrate within the absorbent layer down the sides of the head. The
absorbent material absorbs the coolant preventing the coolant from pooling in areas
of the body, such as the back of the head. Although this embodiment applies the
coolant from coolant delivery conduit 38 directly to the body of patient 12, the
invention encompasses variants of applying coolant within headgear 10A such as
carrying the coolant exiting the lumen of coolant delivery conduit 38 with a carrier
gas.

[0061] Circulation created by a carrier gas mover, such as fan 58, may cause the
carrier gas to flow from crown toward neck in outer space 52, and enter inner
space 50 proximate to the neck. The coolant accepts heat from direct contact with
patient 12 and evaporates. The evaporation and associated convection cools
patient 12. Carrier gas and coolant in gaseous form are discharged through exit
port 41 of gas intake/outflow unit 26.

[0062] FIG. 4 is a flow diagram illustrating the cooling process occurring inside
headgear 10A. Headgear 10A and, more particularly, outer space 52 receives a
carrier gas from carrier gas supply 30 (75). The incoming carrier gas may be
dehumidified to enhance the evaporative cooling process. Further, the incoming
carrier gas may be cooled using a carrier gas cooler such as a blue ice canister or a
heat exchanger in order to enhance the evaporative cooling process.

[0063] Coolant delivery conduit 38 of headgear 10A further receives a coolant
from coolant supply 36 via coolant port 64 (76). The coolant may be any kind of
liquid such as water, alcohol, or a mixture of the two. Alcohol or an alcohol-water
mixture may be a more effective coolant than water because alcohol evaporates
more readily than water and can vaporize at cooler temperatures.

[0064] A carrier gas mover circulates the carrier gas inside headgear 10A. In
FIGS. 2 and 3, for example, fan 58 or the carrier gas pressure moves the carrier gas
through outer space 52 and inner space 50 (78). The carrier gas mover may
increase the speed of circulation of the carrier gas to enhance the effectiveness of
the evaporation process. Further, the size of inner space 50 and outer space 52 may
further affect the effectiveness of the evaporation process. For example, an

increase in gap size increases the effectiveness of the evaporation process.
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[0065] Coolant conduit 38 allows the liquid coolant to escape frofn the lumen of
coolant conduit 38 via small apertures (80). The liquid coolant may exit the lumen
of coolant delivery conduit 38 throughout the entire path of coolant delivery
conduit 38. Alternatively, the liquid coolant may exit the lumen of coolant delivery
conduit 38 throughout portions of the path of coolant delivery conduit 38. Liquid
coolant may exit the lumen of coolant delivery conduit 38 by, for example,
dripping out, spraying out, seeping out, or misting out.

[0066] Coolant delivery conduit 38 brings the coolant into contact with the body of
patient 12. The coolant may contact the body in absorbent layer 74 or may be
applied directly to the body of patient 12. Heat from the body causes the coolant to
undergo a state change (84), i.e., to evaporate. The evaporation and associated
convection cools patient 12. The associated convection may dominate the cooling
in the early stages of the process, whereas the evaporation may dominate the
cooling in later stages of the cooling process as the body temperature of patient 12
begins to become closer to the temperature of the carrier gas.

[0067] In FIGS. 2 and 3, the circulating carrier gas encounters evaporated coolant
principally in inner space 50. The circulating carrier gas carries the coolant in
gaseous form away from patient 12. In FIGS. 2 and 3, the carrier gas carries the
evaporated coolant in inner space 50 toward the crown. The carrier gas and
gaseous coolant are discharged through out exit port 41 of gas intake/outflow unit
26 (86). Fresh carrier gas and coolant replace what has been discharged.

[0068] FIG. 5 is a schematic diagram illustrating a cross-sectional view of another
embodiment of headgear 10 of FIG. 1. Headgear 10B is similar to headgear 10 of
FIG.1, but carrier gas intake 28 of headgear 10B receives a carrier gas near the
bottom portion proximate to the neck of patient 12. Carrier gas intake 28 may be
proximate to coolant port 34, for example. Headgear 10B may further comprise a
shell 88. A set of spacers 87 creates a separation between patient 12 and shell 88,
the separation between patient 12 and shell 88 referred to hereinafter as head space
89. Shell 88 may be constructed from a rigid material that is also electrically
insulated such as a rigid plastic, rubber or the like. Spacers 87 may be constructed
from materials such as plastic, rubber, or the like. Alternatively, spacers 87 may be

a chain, air, or the like.
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[0069] Spacers 87 may house within them at least one sensor and a communication
link (neither shown in FIG. 5), similar to spacers 54 of headgear 10A. The sénsor
generates a signal as a function of a patient parameter such as temperature, oxygen
saturation levels, blood flow, heart rate, brain electrical action, end tidal carbon
dioxide levels or the like. The communication link then relays the si gnaltoa
processor, which may be housed in housing 32. The sensor may be an assortment
of sensor devices such as a temperature sensor, a thermocouple, an OXygen sensor,
a velocity Doppler probe, an electrocardiogram (ECG) sensor, an
electroencephalograph (EEG) sensor, or the like. The communication link may
include an optical fiber link, a wireless, a wire link, or the like.

[0070] Carrier gas entering headgear 10B at carrier gas port 28 enters head space
89. Carrier gas flows in head space 89 from the neck toward the crown of the
head, exiting at exit port 41. Headgear 10B may include a carrier gas mover, such
as fan 58 of FIG. 2, that circulates carrier gas within headgear 10B. Other carrier
gas movers, such as a pressurized carrier gas supply or a pump, may be used to
move the carrier gas instead of or in addition to fan 58.

[0071] FIG. 6 is a schematic diagram illustrating a front view of an exemplary
upper body gear 90 used for cooling of a patient 12. Upper body gear 90 is another
embodiment of a cooling garment. Upper body gear 90 comprises a shell 92 that
surrounds at least a portion of an armpit of patient 12. Shell 92 may also surround
a portion of a shoulder of patient 12. Shell 92 may contain a body access 93 to
allow access to or accommodate the body of patient 12. For example, body access
93 includes a U-shaped recess. The U-shaped recess may serve several functions.
For example, the recess may accommodate the anatomy of a female patient.
Second, the recess may allow a medical care provider to have access to the chest of
the patient for purposes such as auscultation or defibrillation.

[0072] Shell 92 includes a spacer (not shown) that separates at least a portion of
upper body gear 90 from the body of patient 12 defining an “upper body space” 95.
Fasteners 98A-98D (collectively fasteners 98) secure shell 92 to the body of
patient 12. Although in the example of FIG. 5 four fasteners secure shell 92 to

patient 12, more or fewer fasteners may secure upper body gear 90.
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[0073] Fasteners 98 adjust to fit upper body gear 90 on bodies of varying shapes
and sizes. Fastener 98A may fasten upper body gear 90 from shoulder 96 to neck
area 40 of headgear 10. Fastener 98A may keep upper body gear 90 from sliding
down arm 100 of patient 12. Fastener 98B may tighten upper body gear 90 around
armpit 94 of patient 12. Fastener 98B may bring upper body gear 90 in closer
contact with armpit 94 in order to increase the efficiency of the cooling process.
Fasteners 98C and 98D may stretch across the chest of patient 12 and couple to an
upper body gear that surrounds the armpit area on the other side of the body of
patient 12. Fasteners 98 draw one or more sealing members 99 in contact with the
body of patient 12, substantially isolating upper body space 95 created by the
spacer inside of body gear 90 from an external environment. Fasteners 98 may be
any sort of fastening device such as a zipper, Velcro, an adhesive, a button, a clip,
a strap, a buckle or the like. Shell 92 may be constructed of a flexible material that
may conform to the shape of the body of patient 12. Shell 92 may further be
constructed of an outer material and an inner material. Outer material of shell 92
may be material such as canvas or the like. Inner material of shell 92 may be
material such as vinyl liner or the like. ‘

[0074] The spacers of upper body gear 90 may include at least one sensor 101 and
a communication link (not shown). Sensor 101 generates a signal as a function of
a patient parameter such as temperature, oxygen saturation levels, blood flow, heart
rate or the like. The communication link may relay the signal to a processor for
processing. Sensor 101 and the communication link may be housed in the spacer,
in the same fashion as in headgear 10B of FIG. 2. Upper body gear 90 may further
comprise a housing (not shown) to house the processor. Alternatively, the
processor may also be external to upper body gear 90. Upper body gear 90 may
relay the signal obtained by sensor 101 in upper body gear 90 to the same
processor as the signal from sensor 54 of headgear 10. Alternatively, upper body
gear 90 may relay the signal obtained by sensor 101 of upper body gear 90 to a
separate processor as signals from sensor 54 of headgear 10. Sensor 101 may be
any of several sensor devices such as a temperature sensor, a thermocouple, an

oXygen sensor, a velocity Doppler probe, an electrocardiogram (ECG) sensor, or
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the like. The communication link may include an optic fiber link, a wireless link,
wire link, or the like.

[0075] Upper body gear 90 further includes a coolant port 102 that receives a
coolant supply 104. Coolant port 102 brings coolant supply 104 into fluid
communication with a coolant delivery conduit 106. Coolant delivery conduit 106
of FIG. 5 runs from coolant port 102 to the upper chest 108, around the U-shaped
portion encompassing the chest 108, and down to the upper abdominal area 110.
Coolant delivery conduit 106, however, is not restricted to the path described.
Coolant delivery conduit 106 may follow any sort of path within upper body gear
90. For example, coolant delivery conduit 106 may branch within upper body gear
90. Coolant delivery conduit 106 and coolant supply 104 conform substantially to
coolant delivery conduit 38 and coolant supply 36 of headgear 10.

[0076] Small apertures in coolant delivery conduit 106 may allow the coolant to
drip out, seep out, mist out, spray out, or otherwise exit the lumen of coolant
delivery conduit 106. The coolant exits from coolant delivery conduit 106, and an
absorbent layer in contact with the body of patient 12 may absorb the coolant.
Heat drawn from the direct contact of the coolant and patient 12 may cause the
coolant to change from a liquid state to a gaseous state.

[0077] Upper body gear 90 further includes a carrier gas port 112 that receives a
carrier gas supply 114. Carrier gas port 112 brings carrier gas supply 114 into
fluid communication with upper body space 95. Carrier gas supply 114 may
include a coupling (not shown) that mates to carrier gas port 112. Carrier gas
supply 114 may be constructed of tube-like structures made of materials such as
rubber, plastic, or the like.

[0078] Carrier gas from carrier gas supply 114 enters upper body space 95 of
upper body gear 90 via gas port 112. A carrier gas mover (not shown) may cause
the carrier gas to circulate within upper body space 95. Carrier gas mover may be
a fan, a pressurized gas source, a pump or the like. The carrier gas circulating
within upper body space 95 carries the evaporated coolant out of upper body gear
90 via one or more exit ports 116.

[0079] The example described above is a body gear that covers a single armpit.

Another upper body gear 90 may be placed on the other armpit of patient 12. The
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invention also encompasses other arrangements of upper body gear such as a single
upper body gear that covers both armpits, an upper body gear without U-shaped
chest section, an upper body gear that expands across the back, an upper body gear
that extends further down the arm, or the like. Upper body gear 90 may further
include multiple coolant delivery conduits, multiple carrier gas intake ports, or
both to allow for localized cooling of portions of the body of patient 12.

[0080] Upper body gear 90 may include a warm air supply and a warm air nozzle
(not shown) to blow warm air on the hand of patient 12. Warm air may reduce
shivering, shivering being counterproductive to the cooling process.

[0081] FIG. 7 is a schematic diagram illustrating a front view of another exemplary
upper body gear 120 used for cooling of patient 12. Body gear 120 is another
embodiment of a cooling garment. Upper body gear 120 may cool the body
instead of upper body gear 90. Upper body gear 120 comprises a shell 122 that
surrounds at least a portion of the torso of patient 12. Shell 122 includes a spacer
(not shown) that separates at least a portion of body gear 120 from the body of
patient 12 defining a “torso space” 141. Fasteners 148A-148D (collectively
fasteners 148) secure shell 122 of upper body gear 120 to the body of patient 12.

In the example of FIG. 7, fasteners 148 are Velcro fasteners that secure upper body
gear 120 to the torso of patient 12 in an adjustable manner. For example, fasteners
148A and 148B fasten to fasteners 148C and 148D to secure upper body gear 120
to the torso of patient 12. Fasteners 148 need not be Velcro. For example,
fasteners 148 may be buttons, clips, zippers, straps, buckles or the like. Securing
fasteners 148 draws a sealing member (not shown) in contact the body of patient
12, substantially isolating torso space 141 created by the spacer inside of body gear
120 from an external environment. Shell 122 may be constructed of a flexible
material that may conform to the shape of the body of patient 12, and may further
be constructed of an outer material and an inner material. Shell 122 may further
include a body access (not shown) that allows access to or accommodates the body
of patient 12. For example, shell 122 may include a body access (not shown) to
accommodate the anatomy of a female patient, to allow medics to perform

defibrillation, or the like.
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[0082] Upper body gear 120 may include at least one sensor 130 and a
communication link (not shown). Sensor 130 obtains a signal of some variable of
patient 12 and the communication link may relay the signal to a processor for
processing. Upper body gear 120 may further comprise a housing (not shown) to
house the processor. Alternatively, the processor may also be external to upper
body gear 120.

[0083] Upper body gear 120 further includes a coolant port 132 that receives a
coolant supply 134. Coolant port 132 brings coolant supply 134 into fluid
communication with a coolant delivery conduit 136. Coolant delivery conduit 136
runs from the chest of patient 12 to the abdomen of patient 12. Coolant delivery
conduit 136, however, is not restricted to the path described. Coolant delivery
conduit 136 may follow any sort of path within upper body gear 120. Coolant
delivery conduit 136 may further be shaped to expand and contract to
accommodate bodies of different sizes and shapes. Coolant supply 134 and
coolant delivery conduit 136 conform substantially to coolant supply 36 and
coolant delivery conduit 38 of headgear 10.

[0084] Small apertures in coolaﬁt delivery conduit 136 may allow the coolant to
drip out, seep out, mist out, spray out, or otherwise exit the lumen of coolant
delivery conduit 136. The coolant exits from coolant delivery conduit 136, and an
absorbent layer (not shown) in contact with the body of patient 12 may absorb the
coolant. Heat drawn from the direct contact of the coolant and patient 12 may
cause the coolant to change from a liquid state to a gaseous state, i.e., to evaporate.
[0085] Upper body gear 120 further includes a carrier gas port 142 that receives a
carrier gas supply 144. Carrier gas port 142 brings carrier gas supply 144 into
fluid communication with torso space 141. Carrier gas supply 144 may include a
coupling (not shown) that mates to carrier gas port 142. Carrier gas from carrier
gas supply 144 enters torso space 141 of upper body gear 120 via carrier gas port
142. A carrier gas mover (not shown) may cause the carrier gas to circulate within
torso space 141. Carrier gas mover may be a fan, a pressurized gas source, a pump
or the like. The carrier gas circulating within torso space 141 carries the

evaporated coolant out of upper body gear 120 via one or more of exit ports 146.
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[0086] Upper body gear 120, like upper body gear 90, may allow for localized
cooling of portions of the torso. Localized cooling may be accomplished using
multiple coolant delivery conduits, multiple carrier gas intake ports, or both.
[0087] FIG. 8 is a schematic diagram illustrating a front view of another exemplary
upper body gear 150 that is used to cool patient 12. Upper body gear 150 is
another embodiment of a cooling garment. Upper body gear 150 may be used in
conjunction with upper body gear 90 or upper body gear 120 to cool patient 12.
Alternatively, upper body gear 150 may be used alone to cool patient 12. Upper
body gear 150 includes a shell 152 that surrounds at least a portion of an arm 153
of patient 12. Shell 152 includes a spacer that separates at least a portion of shell
152 from arm 153 of patient 12 to create an “arm space” 155.

[0088] In the example of FIG. 7, a chain spacer 154 separates shell 152 from arm
153 of patient 12. Chain spacer 154 may be made of a lightweight material such as
rubber or plastic. Chain spacer 154 need not be strong enough to bear heavy loads
in compression or tension, because chain spacer 154 principally acts to create arm
space 155, rather than to bear a load. The invention is not limited to use of chain
spacer 154, however, and any spacer that separates at least a portion of shell 152
from the body of the patient, including an air spacer, may supplant or cooperate
with chain spacer 154 to create the arm space 155. Shell 152 may be constructed
of a flexible material that may conform to the shape of the body of patient 12, and
may further be constructed of an outer material and an inner material.

[0089] Upper body gear 150 may further include a fastener (nof shown), such as a
strap or Velcro closure, which secures upper body gear 150 to the body of patient
12, and may be adjusted. Securing upper body gear 150 to patient 12 via the
fasteners draws sealing members 157A-157C (collectively seal members 157) into
contact with the body of patient 12. Sealing members 157 substantially isolate arm
space 155 created by the spacers, such as chain spacer 154, from an external
environment.

[0090] Upper body gear 150 may further include coolant delivery conduits 156A
and 156B (collectively coolant delivery conduits 156) that deliver coolant to the
body in arm space 155 between shell 152 and arm 153. In the example of FIG. 7,

coolant delivery conduit 156A extends from the upper bicep of arm 53 to the lower
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bicep of patient 12, and delivers coolant to those portions of the body of patient 12.
Coolant delivery conduit 156B extends across the lower portion of arm 53 of
patient 12, and delivers coolant to those portions of the body of patient 12. In
another embodiment, a single coolant delivery conduit may deliver coolant to the
body within arm space 155. Upper body gear 150 may include coolant ports 158
that bring coolant delivery conduits 156 into fluid communication with coolant
supplies 160. Small apertures in coolant delivery conduits 156 may allow the
coolant to drip out, seep out, mist out, spray out, or otherwise exit the lumen of
coolant delivery conduits 156. The coolant exits from coolant delivery conduit
156, and an absorbent layer (not shown) in contact with the body of patient 12 may
absorb the coolant. Heat drawn from the direct contact of the coolant and patient
12 may cause the coolant to change from a liquid state to a gaseous state.

[0091] Between coolant delivery conduits 156 may be a body access 162 that
allows access to a portion of the body for treatments such as intravenous drips or
injections. Upper body gear 150 may include more than one body access. Another
seal member 157C may be located around body access 38, to prevent leaking of
coolant, carrier gas, or the like. .

[0092] Upper body gear 150 further includes a carrier gas port 164 that receives a
carrier gas supply 166. Carrier gas port 164 brings carrier gas supply 166 into
fluid communication with arm space 155. Carrier gas from carrier gas supply 166
enters arm space 155 of upper body gear 150 via carrier gas port 164. A carrier
gas mover (not shown) may cause the carrier gas to circulate within arm space 155.
The carrier gas circulating within arm space 155 carries the evaporated coolant out
of upper body gear 150 via one or more of exit ports 168.

[0093] Upper body gear 150 may allow for localized cooling of portions of arm
153 of patient 12 using multiple coolant delivery conduits 156, multiple carrier gas
intake ports 158, or both.

[0094] Upper body gear 150 may also include at least one sensor 170 for
generating a signal as a function of a patient parameter such as temperature,
oxygen saturation levels, blood flow, heart rate or the like. Spacers 154 may
include sensor 54. Upper body gear 150 may also include a communication link

(not shown) that relays the signal from sensor 170 to a processor for processing.
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Upper body gear 150 may further comprise a housing (not shown) to house the
processor. However, the processor may be external to upper body gear 150.
[0095] Upper body gear 150 may include a warm air supply and a warm air nozzle
(not shown) to blow warm air on the hand of patient 12. Warm air may reduce
shivering, shivering being counterproductive to the cooling process.

[0096] Upper body gear 150 may be constructed in two separate pieces to
accommodate the placement a non-invasive blood pressure (NIBP) cuff on patient
12. A first piece may cover the upper portion of the arm and a second piece may
cover the lower portion of the arm. Alternatively, the non-invasive blood pressure
cuff may be included in the construction of a singlé piece upper body gear 150.
Further, a separate upper body gear 150 may be placed on each arm of patient 12.
[0097] FIG. 9 is a schematic diagram illustrating a front view of an exemplary
lower body gear 171 used for cooling of a patient 12. Lower body gear 171 is yet
another embodiment of a cooling garment. Lower body gear 171 includes a shell
172 that surrounds at least a portion of a thigh/groin area of patient 12. Shell 172
may include spacers (not shown) that separate at least a portion of the lower body
gear from the body of patient 12 defining a “lower body space” 173. Lower body
gear 171 may further include fasteners 176A and 176B (collectively fasteners 176)
that secure shell 172 to the body of patient 12. Fasteners 176 adjust to fit lower
body gear 171 on bodies of varying shapes and sizes. For example, fastener 176A
may secure lower body gear 171 about the upper thigh region, while fastener 176B
may secure lower body gear 171 about the lower thigh and kneecap region.
Fasteners 176 may draw a sealing member 177 in contact the body of patient 12,
substantially isolating lower body space 173 created by the spacers from an
external environment. Shell 172 may further include a body access (not shown)
that allows access to or accommodates the body of patient 12. Shell 172 may be
constructed of a flexible material that may conform to the shape of the body of
patient 12, and may further be constructed of an outer material and an inner
material.

[0098] Lower body gear 171 further includes a coolant delivery conduit 178 that
delivers coolant to the body in lower body space 173. In the example of FIG. 8,
coolant delivery conduit 178 extends from the upper thigh and groin region to the
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lower thigh and kneecap region. However, coolant delivery conduit may follow
any sort of path within lower body gear 171. Lower body gear 171 may also
include a coolant port 180 that may bring coolant delivery conduit 178 into fluid
communication with a coolant supply 182. Small apertures in coolant delivery
conduits 178 may allow the coolant to drip out, seep out, mist out, spray out, or
otherwise exit the lumen of coolant delivery conduits 178. The coolant exits from
coolant delivery conduit 178, and an absorbent layer (not shown) in contact with
the body of patient 12 may absorb the coolant. Heat drawn from the direct contact
of the coolant and patient 12 may cause the coolant to change from a liquid state to
a gaseous state.

[0099] Lower body gear 171 further includes a carrier gas port 184 that receives a
carrier gas supply 186. Carrier gas port 184 brings carrier gas supply 186 into
fluid communication with lower body space 173 created by the spacers. Carrier
gas supply 186 may include a coupling (not shown in FIG. 6) that mates to carrier
gas port 184. Carrier gas from carrier gas supply 186 enters lower body space 173
of lower body gear 171 via carrier gas port 184. A carrier gas mover (not shown)
may circulate the carrier gas within lower body space 173. The carrier gas carries
the evaporated coolant out of lower body space 173 through one or more exit ports
188.

[0100] Lower body gear 171 may include at least one sensor 190 and a
communication link (not shown). Sensor 190 generates a signal as a function of a
patient parameter. The communication link may relay the signal to a processor for
processing. The process may be internal or external to lower body gear 171.
Sensor 190 may be housed within the spacers that create lower body space 173.
[0101] The example of FIG. 9 described above is a body gear that covers a single
thigh and groin area. Another lower body gear 171 may be placed on the other
thigh of patient 12. The invention, however, encompasses a lower body gear may
be in a single thigh or groin piece. The invention further encompasses a lower
body gear that may extend farther down the leg than the knee. For example, lower
body gear 171 may extend to the shin or even all the way to the feet of patient 12.
Lower body gear may further allow for localized cooling of the lower body of
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patient 12 using multiple coolant delivery conduits, multiple carrier gas intake
ports, or both.

[0102] Upper body gear 150 may include a warm air supply and a warm air nozzle
(not shown) to blow warm air on the feet of patient 12. Warm air may reduce
shivering, shivering being counterproductive to the cooling process.

[0103] FIG. 10 is a schematic diagram illustrating a cross-sectional view of a body
gear 192. Body gear 192 may represent any of upper body gears 90, 120, and 150
or lower body gear 171. Body gear 192 includes a shell 194 that surrounds a body
part 196 of a patient 12. Shell 194 includes spacers 198, such as chain spacers, air
spacers or the like that separate at least a portion of shell 194 from body part 196
creating a space 200. Some or all of spacers 198, such as spacer 198°, may be
attachable to and detachable from shell 194. For instance, when body gear 192
must be used for a larger body size, additional spacers 198’ may be attached to
attachment points 202. Attachment points 202 may be sites tha’g include
attachment mechanisms such as Velcro, adhesive or clasps. When spacers 198’ are
not attached to attachment points 202, the attachment point 202 may be a fastener
used to secure body gear 192 to patient 12. Body gear 192 may further include a
permanent fastener 203, such as a strap, that secures body gear 192 on body part
196 regardless of whether all attachment points 202 are occupied by spacer 198°.
[0104] Body gear 192 further includes one or more coolant delivery conduits 204
that deliver coolant to body part 196. Each of coolant delivery conduits 204 may
be a separate coolant delivery conduit. Alternatively, each of coolant delivery
conduits 204 may be a branch from a single coolant delivery conduit that follows a
path within body gear 192. Coolant delivery conduit 204 may have small apertures
that allow the coolant to drip out, seep out, mist out, spray out, or otherwise exit
the lumen of coolant delivery conduits 204. An absorbing layer 206 may absorb
the coolant that exits coolant delivery conduits 204. Absorbing layer 206 keeps the
coolant in contact with body part 196 of patient 12. Heat drawn from the direct
contact of the coolant and patient 12 may cause the coolant to change from a liquid
state to a gaseous state.

[0105] Body gear 192 further includes a carrier gas intake port 208 that fluidly

connects space 200 to a carrier gas supply 210. Carrier gas enters space 200 via
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carrier gas intake port 208, and circulates within space 200. The carrier gas carries
the evaporated coolant from space 200 via an exit port 212.

[0106] The cooling process occurring inside of the body gear 192 is similar to that
of headgear 10 described above. Space 200 within body gear 192 receives a carrier
gas from carrier gas supply 210 via carrier gas port 208. Coolant delivery conduit
204 receives a coolant from a coolant supply via a coolant port.

[0107] A carrier gas mover circulates the carrier gas within space 200 of body gear
192. The liquid coolant exits the lumen of coolant conduit 204 via small apertures
in coolant conduit 204. The coolant contacts the body of patient 12. The coolant
may contact the body in absorbent layer 206 or may be applied directly to the body
of patient 12. Heat from the body causes the coolant to evaporate. The
evaporation and convection heat transfer processes cool patient 12.

[0108] The circulating carrier gas encounters evaporated coolant in space 200, and
carries the coolant in gaseous form away from patient 12. The carrier gas and
gaseous coolant are discharged out exit port 212 and fresh carrier gas and coolant
replace what has been discharged.

[0109] FIG. 11 is a schematic diagram illustrating a cooling system 226 in which
multiple cooling garments are used to cool a patient 12. Cooling system 226 may
be applied to patient 12 after patient 12 suffers some kind of traumatic event such
as stroke, cardiac arrest, head trauma or the like. Cooling system 226 may include
a headgear 228, which covers at least a portion of the head of patient 12. Headgear
228 may be headgear 10A described in FIGS. 1-3, headgear 10B described in FIG.
5, or any other sort of headgear consistent with the principles of the invention.
[0110] Cooling system 226 may also include a body gear 230 that covers at least a
portion of the body of patient 12. Body gear 230 may include any combination of
upper body gear 90, upper body gear 120, upper body gear 150, lower body gear
171, or any other type of body gear consistent with the principles of the invention.
[0111] Both headgear 228 and body gear 230 may be constructed of materials that
are sterilizable and, consequently, reusable. All or only a portion of headgear 228
and body gear 230 may be reusable. F or example, an absorbent layer within
headgear 228 may be replaced after every use, while all other portions of headgear

228 and body gear 230 may be sterilized and reused. Headgear 228 and body gear
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230 may be sterilized using an autoclave, steam, liquid, or any other sterilization
method.

[0112] Cooling system 226 may further include a coolant supply container 232.
Coolant supply container 232 supplies coolant to both headgear 228 and body gear
230 via coolant supply 233. Alternatively, a separate coolant supply may supply
coolant to the separate cooling pieces of cooling system 226. The coolant supplied
to cooling system 226 is typically a liquid coolant such as water, alcohol, or a
mixture of water and alcohol. Alternatives, however, may be used. The liquid
coolant may be cooled before entering headgear 228 and body gear 230.

[0113] Cooling system 226 further includes a carrier gas supply container 234 that
supplies carrier gas to both headgear 228 and body gear 230 via carrier gas supply
235. Alternatively, a separate carrier gas supply container may supply carrier gas
to the separate cooling pieces of cooling system 226. Typical carrier gases include
carbon dioxide, nitrogen, air, or any combination thereof. Typically, carbon
dioxide and nitrogen would be stored in liquid form and expanded to a gas so as to
minimize space and cool the gas supplied to headgear 228 and/or body gear 230.
One or more expansion valves may be interposed between the carrier gas supply
235and the cooling garments. Expansion valves may regulate the amount of liquid
carbon dioxide or nitrogen expanded to a gas. The expansion valves may be
proximate to carrier gas supply 235, or proximate to the garments so as to
minimize the temperature loss as the gas flows to the cooling garments. A cooling
garment may include an expansion valve. An expansion valve may be, for
example, coupled to a carrier gas port of a garment.

[0114] Further, the expanded carbon dioxide or nitrogen may be mixed with air in
order to adjust the temperature to a safe range for application to patient 12. The
carrier gas may also be cooled by a cooling canister, such as a blue ice canister, or
by a heat exchanger before being supplied to cooling devices of cooling system
226. The carrier gas may further be dehumidified before entering headgear 228
and body gear 230 in order to absorb more water vapor and, in turn, enhancing the
evaporative cooling process.

[0115] Cooling system 226 may also include a warm air supply container 236 to

supply warm air to parts of the body not covered by cooling devices via warm air
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supply 237. For example, warm air supply container 236 may supply warm air to
the face, hands, or feet to prevent patient 12 from shivering, which is
counterproductive to the cooling process.

[0116] A container supply box 238 may include coolant supply 232, carrier gas
supply 234, and warm air supply 236. Container supply box 238 may be
convenient when the supplies 232, 234, 236 must be administered at the site of a
traumatic event. l

[0117] Cooling system may also include oxygen supply container 240 to supply
oxygen to patient 12. The oxygen may be supplied to patient 12 via cannula or
mask for therapeutic purposes. In some embodiments of the invention, the carrier
gas is carbon dioxide, and carbon dioxide leak from the headgear in the vicinity of
patient’s face 20. Supplying oxygen to the patient may reduce the quantity of
carbon dioxide inhaled by patient 12. Further, the oxygen may be cooled for
lockout concerns.

[0118] Patient 12 may further be injected with a cool saline from cool saline
container 242. For example, an infusion pump may pump cool saline into the body
of patient 12 to complement the cooling process. The cool saline injected into the
blood stream may increase the efficiency of the cooling process by directly cooling
the blood that circulates through the body of patient 12.

[0119] FIG. 12 is a schematic diagram illustrating an exemplary cooling feedback
system 242. Cooling feedback system 242 includes a cooling device 244. Cooling
device 244 may include multiple cooling garments. Cooling device 244 illustrated
in FIG. 12 includes three cooling garments: a headgear 228 and two body gear 230.
The cooling garments of cooling device 244 function as described above.
Although cooling device 244 of FIG. 12 consists of three cooling garments, the
number of cooling garments is not restricted to three. For instance, cooling device
244 may include a single cooling garment or more than one cooling garment.
Cooling device 244 also need not be restricted to cooling the head, groin, and
armpit areas of patient 12. For example, cooling device 244 may include cooling
garments that cover other areas of the body of patient 12, such as a torso, an arm, a

leg, or the like.
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[0120] A coolant supply container 232 and a carrier gas supply container 234 may
supply coolant and carrier gas and warm air to headgear 228 and body gear 230 via
coolant supply 233 and carrier gas supply 235. In addition, a warm air supply
source 236 may provide warm air to areas of the body of patient 12 via warm air
supply 237. A container supply box 238 may house the coolant supply container
232, carrier gas supply container 234, warm air supply source 236 as described
above.

[0121] Each cooling garment may receive the coolant and carrier gas from the
same respective supply containers. Alternatively, each cooling garment may
receive coolant and carrier gas from separate respective supply containers. In a
typical embodiment of the invention, the coolant and carrier gas received by each
cooling garment may be individually controlled.

[0122] Similarly, a single warm air supply source may provide warm air to several
body sites, other sites may be served by individual warm air sources. The warm air
supplied to each site may be individually controlled.

[0123] Cooling device 244 includes one or more sensors (not shown in FIG. 12) to
measure a signal as a function of a patient parameter. The sensor may be in contact
with the body within any of the cooling garments. For example, headgear 228 and
each of body gear 230 may each include a sensor, F urthermore, there may be more
than one sensor in each cooling garment of cooling device 244. The sensors may
also be placed outside of the cooling garments. Sensors outside of the cooling
garments may be in contact with the body of patient 12. For example, a tympanic
temperature sensor may be placed in the ear of patient 12. Alternatively, sensors
outside of the cooling garments may be located within supplies, such as within
coolant supply 233, carrier gas supply 235, or warm air supply 237. Sensors may
generate signals as a function of a patient parameter such as temperature, oxygen
saturation levels, blood flow, heart rate, brain electrical action, end tidal carbon
dioxide levels or the like. Furthermore, the sensor may generate a signal as a
function of a cooling element parameter such as the temperature of the coolant,
temperature of the gas, flow rate of the gas, flow rate of the coolant, and the like.
[0124] Cooling device 244 communicates the signals from the sensors of the

cooling garments to a controller 246 via a communication bundle 245, a wireless
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link, or any other communication devices. For example, cooling feedback system
242 may contain a communication bundle 245 that contains one or more
communication links extending from cooling device 244. Communication bundle
245 may relay the signals from the sensors of the cooling garments to a controller
246. Communication bundle 245 may communicate the signals directly from the
sensors to controller 246. Alternatively, the signals from the sensors may be
processed at cooling device 244 before being communicated to controller 246. The
communication links within the cooling garments may communicate the signals
generated by the sensors to one or more processors within cooling device 244 for
processing. The processors in cooling device 244 may, for example, compare the
signals to thresholds, filter the signals and convert them from analog signals to
digital signals with an analog to digital (A/D) converter. The processors in cooling
device 244 may also encode the signals for transmission to controller 246.
Encoding the signals may allow the use of smaller communication bundles 245,
which are less likely to interfere with the emergency medical personnel, doctors, or
other users of cooling feedback system 242. The processor of cooling device 244

. may be located within any of the cooling garments of cooling device 244. A single
processor may process the signals of all of the cooling garments of cooling device
244. Alternatively, a separate processor housed in each separate cooling garment
may process the signals from the sensors of the respective cooling garment.
[0125] Controller 246 receives signals from cooling device 244 via communication
bundle 245. Controller 246 may include a processor that processes the signals.
The processor in controller 246 may perform comparing, filtering and A/D
conversion. The processor in controller 246 may further process the signal for
display to a user, such as emergency medical personnel, a doctor, or any other user
via a display. Controller 246 may receive an ECG signal, for example, and display
it to the user via a display.
[0126] Controller 246 may receive input from the user, such as a desired value of a
patient parameter. For example, controller 246 may receive input from the user
indicating a desired core body temperature or range of body temperatures. When
controller 246 receives signals from temperature sensors, controller 246 may

determine whether cooling device 244 is operating within the desired range by
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comparing the signals from the temperature sensors to the desired core body
temperature input by the user. Controller 246 may compare the signal from each of
the temperature sensors to the input core body temperature. Furthermore, the user
may input a desired value for other variables such as a minimum heart rate, high
and low oxygen saturation levels or the like. Cooling may have an effect upon one
or more of these patient parameters, which the sensors may monitor.

[0127] When the received signal, or combination of signals, indicates that a patient
parameter is outside of a specified range, controller 246 may adjust the delivery of
one or more of the coolant, carrier gas, and/or warm air. With an adjustment to the
coolant, carrier gas, and/or warm air, cooling device 244 may bring the patient
parameter into the appropriate range. Fuﬁher, controller 246 may sound an alarm
to notify the user that cooling device 244 is operating outside an appropriate range.
[0128] For instance, a user may program controller 246 to recognize a minimum
threshold core body temperature. During cooling, temperature sensors may
monitor core body temperature, and one or more processors may compare the
measured body temperature to the minimum threshold core body temperature.
When core body temperature falls below the programmed minimum, controller 246
may send a regulation signal to a regulator 248 via a feedback link 249. Feedback
link 249 may be an optical fiber link, a wireless link, a wire link, or the like.
Regulator 248 may receive the regulation signal from controller 246, and adjust the
delivery of coolant, carrier gas, and/or warm air in response to the signal.
Controller 246 may, for example, send a regulation signal to regulator 248
directing regulator to reduce the amount of carrier gas supplied to one or more
cooling garments. In response to the regulation sigﬁal, regulator 248 may adjust a
valve or other regulation mechanism to reduce the flow rate of carrier gas to one or
more cooling garments. Cooling garments may be individually regulated.
Regulator 248 may adjust the carrier gas in ways other than or in addition to flow
rate, such as by adjusting the temperature of the carrier gas, adjusting the mixing
ratio of the carrier gas, or changing the speed of a fan. Furthermore, regulator 248
may adjust the delivery of coolant or warm air at the same time.

[0129] In another example, a user may program controller 246 to recognize

different ranges of body temperatures, such as a high range of temperatures and a
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low range of temperatures. When temperature sensors indicate that the body
temperature is in the high range, controller 246 may send a regulation signal to a
regulator 248 via a feedback link 249 to pursue an aggressive cooling therapy. For
example, cooling feedback system 242 may include a “blast” cooling mode that
provides rapid cooling to patients that may benefit from it. The blast cooling mode
may cool the body below the frostbite level for a few minutes and then proceed to
cool the body more conservatively. The blast cooling may be discontinued before
frostbite sets in. Alternatively, when temperature sensors indicate that the body
temperature has dropped into the low range, controller 246 may send a regulation
signal to a regulator 248 to pursue more moderate cooling therapy instead of
maintaining an aggressive cooling therapy for that few minutes. Regulator 248
may adjust the delivery of coolant, carrier gas, and/or warm air in response to the
signals from controller 246.

[0130] The operation of the invention is not limited to setting a minimum
threshold core body temperature or a range of body temperatures, but may involve
other patient parameters as well. In addition, feedback system 242 may also
control devices that supplement the cooling process of cooling device 244. For
example, feedback system 242 may regulate the amount of oxygen supplied to
patient 12, the temperature of the cool saline injected into patient 12, or the amount
of cool saline injected into patient 12.

[0131] FIG. 13 is a block diagram illustrating cooling feedback system 242. A
user, such as emergency medical personnel or a doctor, may input a desired value
for a parameter of patient 12 via user interface 250. In the example of FIG. 13, the
user may program a desired temperature 251. For purposes of illustration,
temperature 251 will be assumed to be a target body temperature. Feedback
system 242 may compare desired temperature 251 programmed by the user to a
temperature signal generated by a temperature sensor 252. Temperature sensor
252 may measure a temperature such as the core body temperature or the skin
temperature of the body. The output signal 258 may be the actual temperature of
patient 12 as measured by temperature sensor 252. Measured temperature 252 may

be displayed via user interface 250.
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[0132] Controller 246 receives an error signal 259 as a function of the difference
between desired temperature 251 and output temperature 258 measured by
temperature sensor 252. Controller 246 may use etror signal 259 to determine
whether cooling device 244 has produced a body temperature that is at, above, or
below the target body temperature. Controller 246 may transmit a regulation
signal to regulator 248 based on the determination.

[0133] Regulator 248 may adjust one or more of coolant 232, carrier gas 234
and/or warm air 236 in response to the regulation signal. Coolant 232, carrier gas
234 and/or warm air 236 may affect the body temperature of patient 12, which is
measured by temperature sensor 252. Regulator 248 may regulate coolant 232,
carrier gas 234 and warm air 236 independently by, for example, controlling
coolant supply container 232, the carrier gas supply container 234, and warm air
supply source 236.

[0134] User interface may display system information, such as measured
temperature 252 or the status of regulator 248.

[0135] Controller 246 need not rely on error signal 259, and may further receive a
signal directly from te.mp‘eramre sensor 252. Controller 246 may transmit a
regulation signal to regulator 248 based on the actual temperature as measured by
temperature sensor 252.

[0136] In addition, controller 246 may receive signals from other sensors such as a
heart rate sensor 254, an oxygen sensor 255, or a carbon dioxide sensor (not
shown). Controller 246 may regulate cooling device 244 as a function of error
signal 259 as long as the heart rate and oxygen saturation level are within a safe
range. However, if the heart rate or oxygen saturation level of patient 12 were to
enter an unsafe range, controller 246 may begin to regulate cooling device 244 in
response to the signal received directly from sensor 254 or 255, respectively.
Controller 246 may, for example, scale back cooling until the heart range is back in
a safe range. In other words, controller 246 may be programmed to judge a safe
heart rate or oxygen saturation level as having a higher priority than a desired body
temperature. The prioritization scheme may be programmed by the user.
Controller 246 may further allow the user to manually turn the cooling system on
and off.
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[0137] When controller 246 receives a signal from a sensor, such as temperature
sensor 252, heart rate sensor 254,0r oxygen sensor 255, which is outside of an
appropriate operating range or otherwise indicates a danger to patient 12, controller
246 may sound an alarm256 to alert the user. Alarm 256 may have multiple
sounds to indicate which variable of patient 12 is outside of the desired operating
range. The alarm may also comprise a computer-generated voice. In addition,
controller 246 may cause an indication message to appear on the user display
concurrently with the sound emitted by alarm 256.

[0138] If the heart of patient 12 should suddenly go into ventricular fibrillation, for
example, controller 246 may receive a signal from heart rate sensor 254 that the
heart is in ventricular fibrillation. Controller may sound an alarm256 and may
display a visual message as well. In these circumstances, restarting the heart may
be more important than cooling. Controller 246 may alter or suspend cooling
functions in one or more cooling garments until the patient has been returned to a
normal sinus thythm. Further, controller 246 may turn on the cooling when
ventricular fibrillation is detected.

[0139] FIG. 14 is a flowchart illustrating the interaction of various feedback
components to control the cooling of patient 12. Controller 246 may receive user
input from a user (260). The user input received by controller 246 may include a
programmed target core body temperature, a minimum skin temperature, high and
low temperature ranges, a minimum heart rate, high and low oxygen saturation
levels, high and low end-tidal carbon dioxide levels or the like.

[0140] Sensors within cooling device 244 or separate from the cooling garments
generate signals as a function of a patient parameter (261). For instance, a sensor
54 within one of the cooling garments of cooling device 244 may generate a signal
as a function of the temperature of patient 12. A communication link may relay the
signal to a processor within cooling device 244 for processing. The processor may
receive signals from multiple sensors, and may process the signals in order to
generate a signal that represents the information from the multiple sensors.
Communication bundles 245 may relay the raw or processed signals from cooling
device 244 to controller 246 (262).
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[0141] Controller 246 receives a signal via communication bundle 245 (264). For
example, controller 246 may receive a signal indicating the core body temperature
of patient 12 within headgear 228 and another signal indicating the core body
temperature of patient 12 within body gear 230. Controller 246 compares the
received signals with the input values received from the user (266), and determines
whether the cooling device 244 is operating within an appropriate range (268). For
example, controller 246 may receive the core body temperature of patient 12
within headgear 228, and compare the actual core body temperature of patient 12
with the target core body temperature input by the user.

[0142] When cooling device 244 is operating out of the appropriate operating
range, €.g., below a target core body temperature, controller 246 may determine
whether another variable has a higher priority (270). Controller 246 may be
receiving a plurality of signals as a function of a plurality of patient parameters,
and a parameter such as an abnormal heart rate or rhythm may have a higher
priority in determining the operation of cooling device 244. When no other
parameter has a higher priority, controller 246 may generate a regulation signal
indicating to regulator 248 the adjustments necessary to bring cooling device 244
to the appropriate operating range or to maintain cooling device 244 in the
appropriate operating range (272). Controller 246 may send the regulation signal
to regulator 248 via feedback link 249 (274). Regulator 248 receives the signal
from controller 246 (276), and regulates the delivery of delivery of coolant, carrier
gas, and/or warm air according to the regulation signal (278). When the regulation
signal indicates that cooling device 244 is operating in a range that may cause
patient 12 to suffer frostbite, for example, regulator 248 may close a carrier gas
supply valve, increase the temperature of the coolant, decrease the flow rate of
coolant, adjust the mixing ratio of the coolant, or otherwise adjust the operation of
cooling device 244. In this manner, controller 246 may include an algorithm for
prevention of frostbite.

[0143] FIG. 15 is a block diagram illustrating a system 280 in which a user
interface 250 is configured to display information pertaining to a medical device to
a user 282. User interface 250 may display information using display software 284

and a display screen 286. Display software 284 may allow user interface 250 to
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display information input from the medical device in several different display
modes based on patient parameters. For example, user interface 250 may display
the information in a cooling display mode, a stroke display mode and a cardiac
display mode.

[0144] User interface 250 may also display information for more than one medical
device. In the example of FIG. 15, user interface 250 displays information for a
cooling device 244 and a second medical device, such as defibrillator 288. User
interface 250 may have a display mode for each of the medical devices. For
example, user interface 250 may display information pertaining to cooling device
244 in a first display mode, and display information pertaining to defibrillator 288
in a second display mode.

[0145] User 282 may manually select between the cooling device display mode
and the defibrillator display mode. Further, user interface 250 may automatically
change from one display mode to another in response to a medical condition. The
cooling device display mode and the defibrillator display mode may include
overlapping data. For example, both the cooling device display mode and the
defibrillator display mode may include a heart rate for the patient. Alternatively,
user interface 250 may display information pertaining to both cooling device 244
and defibrillator 288 in a single display mode. For example, user interface 250
may split display screen 286 in half, and display information pertaining to cooling
device 244 on one half of screen 286 and information pertaining to defibrillator
288 on the other half of screen 286.

[0146] User interface 250 may receive input from user 282 via an input device
290. Input from user 282 may include display information, such as display
preferences to customize the display mode viewed by user 282. For example, user
282 may input display preferences indicating which of the signals from the medical
devices to display on display screen 286, and the form in which to display the
information, e.g., graphically, numerically, or textually. For instance, user 282 may
indicate to user interface 250 to display the heart rate, coolant temperature, and
carrier gas flow rate numerically, and the heart rhythm graphically, i.e., as an

electrocardiogram. Further, display information may include the type of
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measurement units to use. For example, user 282 may select to display
temperatures in degrees Fahrenheit instead of degrees Celsius.
[0147] Input from user 282 to user interface 250 may further include patient
information such as name, age, sex, weight, and height. The patient information
may further include patient medical information such as prior strokes, medical
history, and other information, such as medications in the possession of the patient
or information from a medic alert bracelet.
[0148] User interface 250 may communicate the patient information received from
user 282 to a controller 246. Controller 246 may control cooling device 244 in
response to a combination of the patient information and the data from the medical
devices in order to optimize the cooling process for each patient 12. For example,
it may be more effective to deliver a larger amount of coolant and carrier gastoa
heavier patient. User 282 may further input control information for use within
controller 246. Control information may include patient parameter information,
such as a target temperature value, a farget temperature range, an aggressive
cooling temperature range, a minimum body temperature, a minimum skin

A tefnperature, minimum heart rate and the like. Furthermore, control information
may include patient parameter priority information. User 282 may indicate
prioritization of the patient parameters such that controller 246 controls the
medical device according to the patient parameter with the highest prioritization.
Heart rhythm, for example, may be accorded a higher priority than body
temperature. Input device 290 may include a touch screen, a dial, a keyboard, a
stylus, a track ball, or any other input device.
[0149] Controller 246 may store input from user 282 in a memory 292. Controller
246 may also store information received from the sensors of cooling device 244,
and the sensors of the second medical device in memory 292. For example,
controller 246 may store patient information such as name, age, medical history, in
memory 292. Controller 246 may further store in memory 292 information
received from cooling device 244, such as temperature of patient 12 as a function
of time. In addition to information from cooling device 244, controller 246 may
store information from defibrillator 288 such as the number of electrical shocks

administered to patient 12 and the energy of each shock. Controller 246 may
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further access summary software 294 that generates a summary of the information
stored in memory 292. Summary software 294 may generate a summary of the
stored information in a format suitable for display to user 282 via display screen
286. Further, summary software 204 may generate a summary of the stored
information in a format suitable for transmission to a medical facility 296 via a
base station 298. For example, controller 246 may receive a summary from
summary software 294 that includes the patients name, age, sex, body temperature
versus time plot, and a chart of any treatment administered. Controller 246 may
communicate the summary to user interface 250 for transmission to a medical
facility 286, such as a hospital emergency room, in order for a doctor to prepare to
receive patient 12. Alternatively, controller 246 may communicate all the stored
information to user interface 250 for transmission to the medical facility 286. For
example, a physician may view the same information viewed by a paramedic.
User interface 250 may transmit the information to a base station 298 via a
communication device, such as a transmitter/receiver (TRANS/RECEIVER) 300.
Base station 298 may transmit the information to a communication device within
medical facility 296. Communication may occur in the opposite direction as well,
with medical facility 296 transmitting information to user interface 250. The
information from medical facility 296 may include, for example, a physician’s
direction for patient tests or treatment. F urther, a physician from the medical
facility may act as user 282 via communications through base station 298. For
example, the physician may input a prioritization scheme for the cooling device
244. The communication device may include a radio transceiver, a cellular
telephone, a modem, an antenna or the like.

[0150] FIG. 16 is an exemplary screen shot of display screen 286. Display screen
286 may display information from signals generated by a medical device and/or
information entered by a user. In FIG. 16, display screen 286 is in a cooling
display mode, as indicated by the shaded cooling mode screen button 312. The
user may select another display mode by selecting a different touch screen button,
e.g., stroke mode screen button 314 or cardiac mode screen button 316. Further,
display screen 286 may change display modes automatically in response to a

medical condition, such as failure of the heart of patient 12.
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[0151] The cooling display mode of display screen 286 of FIG. 16 displays a heart
rate 302 and an electrocardiogram (ECG) trace 304. Heart rate 302 and ECG trace
304 may have been generated by a sensor, such as an ECG sensor, within the
cooling device 244, outside of cooling device 244, or within a second medical
device.

[0152] Display screen 286 may further display a temperature mapping 306 of at
least two temperatures to the body of patient 12. In the exemplary screen shot of
FIG. 16, temperature mapping 306 displays a human figure 307 with temperature
readings 308 A-308F (collectively temperature readings 308) and pointers to body
parts such as the ear, armpit, and groin of figure 307. Temperature mapping 306
may be a graphical mapping, a textual mapping, or any combination thereof. For
example, a textual temperature mapping 306 may be a list of body parts of a
patient and the temperature of the corresponding body part. A graphical
temperature mapping 306 may use colors and shades much like a weather map.
[0153] Display screen 286 may further display a text section 310. Text section 310
may include information such as the temperature of the coolant, temperature of the
carrier gas, flow réte of the coolant, flow rate of the carrier gas, mixing ratio of the
coolant, mixing ratio of the carrier gas, and the like. Text section 310 may further
include information input by the user such as name of the patient, age of the
patient, and medical history of the patient. Text section 310 may further display
information transmitted from medical facility 296 such as doctor
recommendations, patient records, and the like. Display screen 286 may include
more than one text section.

[0154] Display screen 286 may display information for monitoring and treating a
stroke patient in a stroke display mode. For example, the stroke display mode may
display a brain oxygen saturation trace, an electroencephalogram (EEG) or other
graphical display of electrical activity in the brain, and a mapping of temperature
of the body or a region of the body, such as the head. Display screen 286 may
further display information for monitoring and treatment of a patient suffering
from heart-related conditions in a cardiac display mode. For example, the cardiac

display mode may show the heart rate and ECG trace of the patient. The cardiac
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displa.y mode may also show information about treatment, such as the energy of
defibrillation shocks administered to the patient.

[0155] Display screen 286 may also select between a display for a first medical
device and a display for a second medical device using input device screen buttons
318A-318B (collectively device screen buttons 318). For example, input device
screen button 318A may correspond to a display mode for a cooling device 244
and input device screen button 318B may correspond to a display mode for a
defibrillator 288. The user may select between display screens for the two devices.
Alternatively, display screen 286 may select between the two display screens in
response to a medical condition. Display screen 286 may also display the display
modes of each of the two devices concurrently side-by-side or top-bottom. In
some implementations, display screens may include features such as scaling or
scroll bars to make more on-screen information available to the user.

[0156] FIG. 17 is a flow diagram illustrating operation of system 280 of FIG. 15.
Controller 246 receives input (320). The input received by controller 246 may be
information input by a user via user interface 250. The user may, for example,
input patient information, display preference information, control information, or a
combination thereof. Further, the input received by controller 246 may be input
from a sensor. Controller 246 may receive input from the sensor via a
communication link. For example, the sensor may generate a signal representing
information such as a temperature of the patient, a heart rate of the patient, an ECG
trace of the heart thythm of the patient, or other patient parameters.

[0157] Controller 246 may further store the input from the user and the sensors in
memory 292 (322). Controller 246 may store all of the information received or a
portion of the information received. The stored information may, for example,
include the patients name, age, weight, target body temperature, temperature
records, an ECG, and any treatments administered. Controller 246 may also
display the input to the user (324). For example, controller 246 may display the
input from the user and the sensors to the user via user interface 250. Controller
246 may display the input and store the input concurrently. Controller 246 may
display only a portion of the information obtained. Further, the input from the user

may determine which input from the sensors to display. For example, the user may
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direct user interface 250 to only display temperature information. In that case, user
display 250 may not display the heart rate data although controller 246 may be
receiving heart rate data and storing the data in memory 292. Controller 246 may
also select among display modes that display different information.

[0158] Summary software 294 may generate a summary of the information stored
in memory 292 (326). For example, the summary software 294 may generate a
summary report that is a subset of the information stored in memory 292.
Summary software 294 may summarize the information of memory 292 in a
standard format. For example, summary software 294 may summarize the
information in a standard format for a medical facility 296.

[0159] Controller 246 may further transmit at least a portion of the information
received to a medical facility 296 via a transmitter/receiver 300 (328). Medical
facility 296 may respond to the transmitted information.

[0160] FIG. 18 is a flow diagram illustrating user interface 250 selecting display
modes in response to a medical condition. User interface 250 displays the
information from controller 246 via display screen 286 (330). A processor within
controller 246 may compare the received signals from the sensors with the control
information input by the user to determine whether any of the patient parameters
are outside of a desired range (332). For example, controller 246 may receive
signals from temperature sensors of cooling device 244, and determine whether
cooling device 244 is operating within the desired range by comparing the signals
from the temperature sensors to a desired core body temperature input by the user.
Controller 246 may compare the signal from each of the temperature sensors to the
input core body temperature.

[0161] When a patient parameter is outside the desired range, controller 246 may
cause user interface 250 to display an alarm (334). The displayed alarm may be,
for example, a collection of information designed to attract the attention of user
282 and to provide user 282 with necessary information. The displayed alarm may
be accompanied by an audible alarm. In some circumstances, user 282 may have
the option to shut off the alarm (340) and continue monitoring the patient in the
current display mode (342). In other circumstances, user interface 250 may

automatically change to a different display mode that displays the parameter
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outside of the desired range and/or other pertinent data (338). For instance, when
user interface 250 is displaying information in a stroke display mode and the
patient’s heart fails, user interface 250 may display an alarm, and change to a
cardiac display mode. Cardiac display mode may immediately present information
to user 282 about the heart condition of the patient.

[0162] The invention may provide numerous advantages. The user interface may
allow a user to monitor more than one medical device with a single user interface.
The user interface may also allow a user to monitor different patient conditions, i.e.
stroke condition, heart failure conditions, and cooling conditions, via a single user
interface. The user interface may further change display modes upon a medical
condition warning the user of the patient’s medical condition and changing to a
display screen from monitoring that particular condition.

[0163] Various embodiments of the invention have been described. These and

other embodiments are within the scope of the following claims.
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CLAIMS:

1. A system comprising:
a cooling device placed in contact with a body of a patient;
amedical device; and
a user interface configured to display data from the cooling device and the

medical device.

2. The system of claim 1, wherein the user interface may select between a first
display mode for the cooling device and a second display mode for the medical

device.

3. The system of claim 1, further comprising a controller that receives the data

from the cooling device and the medical device.

4. The system of claim 1, further comprising a communication device that

communicates at least a portion of the data to a medical facility.

5. The system of claim 1, wherein the user interface receives input from a user

via an input device.

6. The system of claim 1, wherein the user interface further comprises a
display screen.

7. The system of claim 1, wherein the medical device includes a defibrillator.
8. The system of claim 1, wherein the cooling device includes:

a cooling garment that is placed in contact with the body;
a spacer that separates at least part of the cooling garment from the body
defining a space;

a coolant delivery conduit that delivers a coolant to the body in the space;
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a carrier gas intake port in the cooling garment that fluidly connects the
space to a carrier gas supply; and
an exit port in the cooling garment that fluidly connects the space to an

exterior environment.

9. A system comprising:

a cooling garment placed in contact with a body of a patient;

a set of temperature sensors in contact with the body, at least one
temperature sensor within the cooling garment; and

a user interface that displays temperature data from the sensors mapped to

the body of the patient.

10.  The system of claim 9, further comprising at least one other sensor that
detects a patient parameter other than temperature, and wherein the user interface

displays at least a portion of the data from the other sensor.

11., A method comprising:

receiving data from sensors of a cooling device that is in contact with a
body of a patient;

storing at least a portion of the data from the sensors; and

transmitting at least a portion of the stored data to a medical facility.

12. The method of claim 11, further comprising displaying the data from the

sensors of the cooling device via a user interface.
13.  The method of claim 12, further comprising:
receiving data from sensors of a medical device; and

displaying the data from the medical device via the user interface.

14. A method comprising:

receiving information from a user;
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receiving temperature data from a temperature sensor of a cooling garment
in contact with a body of a patient;

receiving other patient data from other sensors of the cooling garment; and

displaying at least a portion of the temperature information from the user,
the temperature data from the temperature sensor, and other patient data from the

other sensors.

15.  The method of claim 14, further comprising:
mapping the temperature data to a portion of the body of the patient; and
displaying the mapped temperature data.

16. A method comprising:
receiving temperature data from at least two temperature sensors in contact
with a body of a patient;
mapping the temperature data to the body of the patient; and
displaying the mapped temperature data.

17.  The method of claim 16, wherein mapping the temperature data includes

associating the temperature data with the positions of the sensors proximate to the
body.

18.  The method of claim 16, further comprising:
receiving data from other sensors in contact with the body of the patient;
and

displaying the data from the other sensors.

19. A method comprising:
receiving first data from a first medical device;
\receiving second data from a second medical device; and
selecting between displaying first data from the first medical device to

displaying second data from the second medical device.
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20. The method of claim 19, wherein at least one of the medical devices is a

cooling device.

21. A device for performing any of the methods of claims 11-20.
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