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HEAT TREATMENT DEVICE

BACKGROUND OF THE INVENTION
[0001] Applying heat to the site of an infection or other condition can be an
effective form of treatment. Current heat treatments may involve application of warm
compresses or other devices that have difficulties applying a precise, regulated

temperature to the entire site of treatment.

SUMMARY OF THE INVENTION

[0002] Thermal based treatments can be designed for use in treating a variety
of conditions. Certain advantageous embodiments disclosed herein reduce or eliminate
various problems associated with current thermal devices or non-thermal treatments such
as the use of antibiotics for treating certain infections. For example, using antibiotics is
subject to potential disadvantages of bacterial resistance, allergic reactions, drug
interactions, limited topical application, patient compliance, and other limitations.
Additionally, thermal treatments can be used not only to treat external infections and
opened, internal infections, but also to prevent infection by applying controlled heat to a
wound. This can help limit infections during surgery if heat is applied before and/or
immediately after surgical closure. Further, thermal treatments can be used for a variety of
non-infectious conditions, such as to accelerate wound healing or treat skin cracks,
tendinitis, pressure sores, alopecia, or ulcers, to name but a few examples.

[0003] Different treatments may be improved by use of different embodiments
of a heat treatment device. Some treatments can benefit from embodiments comprising a
rigid tip that can allow for precise application of heat. Other treatments can benefit from
embodiments comprising conformable tips that can mold to specific contours of a
treatment area. In some embodiments of a heat treatment device an application tip can
maintain a regulated temperature across the contact surface, even as heat flows into the
treatment area.

[0004] According to some embodiments a heat treatment device can comprise
a body comprising a handle portion and a tip portion. The device can further comprise a

power source and at least one heating element in electrical communication with the power
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source and configured to heat the tip portion to a desired temperature. The tip portion can
be placed against an affected area for treatment. The device can comprise control circuitry
configured to adjust a current flowing to the heating element when the device is in use to
maintain the tip portion at the desired temperature. The tip portion can be heatable to a
desired temperature and positioned against the affected area for treatment.

[0005] In some embodiments, a heat treatment device can further comprise a
pressure sensor configured to measure a force applied by the tip portion against the
affected area and to provide a feedback signal to a physician that indicates the force
measured by the pressure sensor. In some embodiments, the at least one heating element
can be disposed within the tip portion. In some embodiments, the heating element can be
disposed within the handle portion. In some embodiments, the at least one heating
element is a resistive heating element, and in further embodiments the control circuitry
can be configured to measure the temperature by sampling a resistance of the resistive
heating element.

[0006] In some embodiments, the tip portion can comprise a tip housing, and
the at least one heating element can be disposed at least partially within the tip housing
and extend from a distal end of the tip. In further embodiments, the tip portion can
comprise a temperature sensor in electrical communication with the control circuitry in
order to maintain the tip portion at the desired temperature.

[0007] In some embodiments, the device can be modular such that the tip
portion is separable and removable from the body to allow a replacement tip portion to be
mounted onto the body after the tip portion is removed. In some embodiments, the body
can comprise a connector portion configured to be coupled with a respective connector
portion of the tip portion. In further embodiments, the replacement tip portion can
comprise an electronic identifier that is recognizable by the control circuitry, and the
control circuitry can be configured to adjust the current flowing to the at least one heating
element of the replacement tip portion when the device is in use in response to the
electronic identifier of the replacement tip portion.

[0008] In some embodiments, a heat treatment device can comprise a body
comprising a handle portion, a tip portion coupled to the handle portion, and a fluid
channel extending through the handle portion to the tip portion such that the handle
portion is in fluid communication with the tip portion. The device can further comprise a

power source supported by the body and at least one heating element disposed in the
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handle portion, the at least one heating element in electrical communication with the
power source such that the at least one heating element is configured to heat a fluid
disposed within the fluid channel. The device can further comprise a pump supported by
the handle portion, the pump configured to urge fluid through the fluid channel from the
handle portion toward the tip portion of the device, and control circuitry supported by the
body of the device, the control circuitry configured to adjust a current flowing to the at
least one heating element when the device is in use. The device can also be configured
such that the at least one heating element heats a fluid disposed in the fluid channel of the
handle portion, and the pump can be configured to facilitate transfer of the fluid toward
the tip portion of the device to heat the tip portion to a desired temperature.

[0009] In some embodiments, a heat treatment device can further comprise a
return fluid channel extending from the tip portion toward the handle portion, the return
fluid channel in fluid communication with the fluid channel, forming a circulatory
pathway to allow fluid to be circulated within the device.

[0010] In some embodiments, the tip portion can comprise a conformable
material. In some embodiments, the tip portion can comprise a temperature sensor in
electrical communication with the control circuitry for maintaining the tip portion at the
desired temperature.

[0011] In some embodiments, the handle portion can comprise a first chamber
with a first heating element and a second chamber with a second heating element. The
first chamber can be configured to heat the fluid in the first chamber to a first temperature
below the desired temperature, and the second chamber can be configured to heat the fluid
in the second chamber to a second temperature greater than the first temperature. In some
embodiments, the first chamber and the second chamber can be in fluid communication
with the fluid channel.

[0012] In some embodiments, the device is modular such that the tip portion is
separable and removable from the body to allow a replacement tip portion to be mounted
onto the body after the tip portion is removed. In further embodiments, the body
comprises a connector portion configured to be coupled with a respective connector
portion of the tip portion. In yet further embodiments, the replacement tip portion
comprises an electronic identifier that is recognizable by the control circuitry, the control

circuitry being configured to adjust the current flowing to at least one heating element
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when the device is in use in response to the electronic identifier of the replacement tip
portion.

[0013] In some embodiments, a replaceable tip portion for a heat treatment
device for therapeutically treating an affected area of a patient using heat can comprise a
connector portion comprising an inlet flow path and an outlet flow path, the connector
portion configured to engage with a respective connector portion of the heat treatment
device for mounting the replaceable tip portion on the heat treatment device and fluidly
interconnecting the inlet flow path with a respective device fluid source and the outlet
flow path with a device fluid receptacle. The replaceable tip portion can further comprise
a contacting portion positioned adjacent to at least a portion of the inlet flow path for
facilitating the thermal transfer from a fluid to an external surface of the contacting
portion to enable heat treatment of an affected area by placing the contacting portion
thereagainst. The replaceable tip portion can be replaceably mounted onto the heat
treatment device for performing heat therapy on the affected area.

[0014] In some embodiments, an external surface of the contacting portion can
comprise a conformable material. In further embodiments, the external surface of the
contacting portion can comprise a rigid material. In yet further embodiments, the inlet
flow path of a replaceable tip portion can comprise a single flow path that splits into a
plurality of flow paths within the contacting portion.

[0015] In some embodiments, a replaceable tip portion for a heat treatment
device for therapeutically treating an affected area of a patient using heat can comprise a
connector portion and a contacting portion, the connector portion configured to engage
with a respective connector portion of the heat treatment device for mounting the
replaceable tip portion on the heat treatment device, and a heating element in thermal
communication with the contacting portion and in electrical communication with the
connector portion for heating the contacting portion to a desired temperature. The
replaceable tip portion can be mounted onto the heat treatment device for performing heat
therapy on the affected area.

[0016] In some embodiments, the replaceable tip portion can further comprise
a conducting element that extends through the replaceable tip portion and is electrically
coupled with the connector portion and the heating element. In further embodiments, the
replaceable tip portion can comprise a connector jacket that is engageable with and

removable from the connector portion, and a tip jacket that is engageable with and
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removable from the contacting portion. The connector jacket and the tip jacket can attach
to the replaceable tip portion for preserving sterility of the replaceable tip portion when
disengaged from the heat treatment device.

[0017] In some embodiments, the contacting portion of the replaceable tip
portion can comprise a conformable material. In some embodiments, the contacting
portion can comprise a tip housing at least partially surrounding a contacting tip of the
contacting portion, and the tip housing can comprise a thermally conductive and
electrically insulating plastic.

[0018] In some embodiments, treatment of an affected area of a patient with
heat can comprise allowing a tip of a heat applicator device to reach a desired temperature
of about 105 degrees Fahrenheit to about 140 degrees Fahrenheit, applying the tip against
the affected area at an applied pressure, maintaining the tip against the affected area for a
therapeutically effective period of time, and removing the tip from against the affected
area of the patient. In some embodiments, treatment can further comprise measuring the
applied pressure using the applicator to determine whether the applied pressure is within a
target pressure range and adjusting the applied pressure as needed such that the applied
pressure is within the target pressure range.

[0019] In some embodiments, treatment can comprise heating the affected area
until the affected area reaches a temperature of about 105 degrees Fahrenheit to about 140
degrees Fahrenheit. In some embodiments, treatment can further comprise determining
an actual temperature of the tip of the applicator and adjusting an amount of energy
provided to the tip such that the actual temperature is approximately equal to the desired
temperature.

[0020] In some embodiments, the tip can comprise a resistive heating element,
and determining the actual temperature of the tip can comprise measuring a resistance of
the resistive heating element and determining a temperature that corresponds to the
measured resistance. In some embodiments, determining the actual temperature of the tip
can comprise measuring the actual temperature using a temperature sensor positioned
proximate to the tip. In some embodiments, the applicator can further comprise a
controller configured to increase or decrease of the amount of energy supplied to the tip.

[0021] In some embodiments, allowing the tip of the heat applicator device to
reach a desired temperature can be performed after the tip is applied to the affected area.

In further embodiments, the tip of the heat applicator device can reach a desired
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temperature after it has been applied to the affected area for at least about 5 seconds. In
some embodiments, after the tip of the heat applicator has been applied to the affected
area, it can be heated at a first rate and then heated at a second rate, the second rate greater
than the first rate.

[0022] In some embodiments, treatment of an affected area of a patient with
heat can comprise selecting a tip portion for the heat treatment device from a plurality of
tip portions, each having a unique size, such that the size of the tip portion is selected to
generally correspond to the width of the affected area. The tip portion can comprise a first
connector, and the first connector can be connected to a second connector of a body
portion of the heat treatment device. The tip portion can be heated to a desired
temperature and positioned against the affected area, thereby thermally treating the
affected area.

[0023] In some embodiments, treatment can comprise heating the affected area
until the affected area reaches a temperature of about 105 degrees Fahrenheit to about 140
degrees Fahrenheit. In some embodiments, treatment can further comprise determining
an actual temperature of the tip of the applicator and adjusting an amount of energy
provided to the tip in order to maintain the actual temperature approximately equal to the
desired temperature.

[0024] In some embodiments, determining the actual temperature of the tip
can comprise measuring a resistance of a heating element and determining the actual
temperature based on the measured resistance. In some embodiments, determining the
actual temperature of the tip can comprise measuring the actual temperature using a
temperature sensor disposed proximate to a heating element of the tip portion. In some
embodiments, the applicator can further comprise a controller that automatically effects
the increase or decrease of the amount of energy supplied to the heating element.

[0025] In some embodiments, treatment can comprise determining an
applied pressure of the tip portion against the affected area and adjusting the applied
pressure such that the applied pressure is within a target pressure range. In further
embodiments, treatment can comprise adjusting the applied pressure in response to a
feedback signal generated from the heat treatment device.

[0026] In some embodiments, a heat treatment system for therapeutically
treating an affected area of a patient using heat can comprise a handle portion, a tip

portion coupled to the handle portion, a fluid channel extending through the handle
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portion to the tip portion such that the handle portion is in fluid communication with the
tip portion, a power source supported by the handle portion and electrically connected to
at least one heating element such that the at least one heating element is configured to
heat a fluid disposed within the fluid channel for heating the tip portion to a desired
temperature, and control circuitry supported by the body of the device, the control
circuitry configured to adjust a current flowing to the at least one heating element when
the device is in use. The system can further comprise a base station comprising a power
connection and a fluid connection, the power connection configured to recharge the power
source of the heat treatment device, the fluid connection interconnectable with the heat
treatment device to provide fluid to the fluid channel of the heat treatment device.

[0027] In some embodiments, the base station of a heat treatment system can
be configured to charge the power source through inductive charging. In some
embodiments, the base station can be a wheeled cart. In some embodiments, the base
station can further comprise a drain and a connection to an external water source. In
further embodiments, the heat treatment device can be modular such that the tip portion is
separable and removable from the body to allow a replacement tip portion to be mounted

onto the body after the tip portion is removed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a perspective view of a solid state embodiment of a heat
treatment device.

[0029] FIG. 2 is an internal perspective view of the device of Figure 1.

[0030] FIG. 3 is a perspective view of a solid state embodiment of the heat
treatment device in which the tip is removable from the handle.

[0031] FIG. 4 is a side cross sectional view of one embodiment of a
replaceable tip.

[0032] FIG. 5 is a side cross sectional view of the embodiment of Figure 4
with a protective sleeve around it.

[0033] FIG. 6 is a side view of one embodiment of a liquid heat treatment
device.

[0034] FIG. 7 is a side view of one embodiment of a replaceable tip for use

with a liquid heat treatment device.
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[0035] FIG. 8 is a perspective view of the embodiment of Figure 7 as applied
to a curved surface of a patient.

[0036] FIG. 9 is a side view of one embodiment of a liquid heat treatment
device with flow paths illustrated.

[0037] FIG. 10 is a perspective view of one embodiment of the handle of a
liquid heat treatment device.

[0038] FIG. 11 is a rear perspective view of one embodiment of a replaceable
tip of a liquid heat treatment device.

[0039] FIG. 12 is a front perspective view of one embodiment of a replaceable
tip of a liquid heat treatment device, without a contacting portion.

[0040] FIG. 13 is a front perspective view of an alternative embodiment of a
replaceable tip of a liquid heat treatment device, without a contacting portion.

[0041] FIG. 14 is a rear perspective view of one embodiment of a liquid heat
treatment device.

[0042] FIG. 15 is a side view of an alternative embodiment of a liquid heat
treatment device.

[0043] FIG. 16 is a side view of an embodiment of a liquid heat treatment
device with a rigid tip.

[0044] FIG. 17 is a view of one embodiment of a material used with a tip of a
heat treatment device.

[0045] FIG. 18 is a perspective view of the embodiment of Figure 17 when
flexed.

[0040] FIG. 19 is a side view of one embodiment of a material used with a tip
of a heat treatment device.

[0047] FIG. 20 is a side view of the embodiment of Figure 19 as flexed onto a
concave surface.

[0048] FIG. 21 is a side view of the embodiment of Figure 19 as flexed onto a
convex surface.

[0049] FIG. 22 is a graph of two embodiments of a treatment procedure,
plotted as applied temperature over time, on which a desired treatment temperature, a pain
threshold without adaptation, and a pain threshold with adaptation are displayed.

[0050] FIG. 23 is a graph of two alternative embodiments of a treatment

procedure, plotted as applied temperature over time, on which a desired treatment
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temperature, a pain threshold without adaptation, and a pain threshold with adaptation are
displayed.

[0051] FIG. 24 is a side view of an alternative embodiment of a liquid heat
treatment device.

[0052] FIG. 25 is a top view of one embodiment of an application barrier.

[0053] FIG. 26 is a top view of an alternative embodiment of an application
barrier.

[0054] FIG. 27 is a perspective view of a base station that can be used with a

heat treatment device.

DETAILED DESCRIPTION

[0055] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be utilized, and other changes may be made,
without departing from the spirit or scope of the subject matter presented herein. It will
be readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substituted, combined, separated,
and designed in a wide variety of different configurations, all of which are explicitly
contemplated herein.

[0056] This description relates generally to heat treatment devices that have a
heatable tip configured to maintain a desired temperature when placed in contact with a
treatment surface. In some embodiments, the heat treatment device can be a solid-state
heat treatment device in which the tip of the device conducts heat directly from a heater.
In some embodiments, the heat treatment device can be a liquid heat treatment device, in
which the device can have a circulating fluid that transfers heat from a heater to the tip.

[0057] Figure 1 illustrates one embodiment of a solid-state heat treatment
device 2. The illustrated embodiment has a handle 4 at a proximal end of the device and a
tip portion 6 located at a distal end of the device. The tip 6 of the device can have one or
more sensors at a distal end. For example, in the illustrated embodiment, the tip can have
a temperature sensor 22 and a pressure sensor 24. In other embodiments, the tip can have

just a temperature sensor, just a pressure sensor, different sensors, or no sensors.
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[0058] The distal end of the tip 6 can have a variety of shapes, depending on
the treatment to be performed. The distal end can be flat, rounded, or of other shapes or
combinations of shapes. In some embodiments, the distal end that contacts a patient can
define a diameter of 2mm to about 10mm. In some embodiments, the distal end can
define a diameter of less than 2mm or more than 10mm. In some embodiments, the distal
end can define a surface area of about 10mm? to about 400mm?. In further embodiments,
the distal end can define a surface area of about 20mm? to about 300mm?®. In further
embodiments, the distal end can define a surface area of about 50mm? to about 200mm>,
In yet further embodiments, the distal end can define a surface area of less than 10mm? or
more than 400mm?.

[0059] In the illustrated embodiment, the tip has a concave surface at the distal
end that can be useful when treating sties or other conditions that are elevated relative to
the surface of a patient’s skin. A concave surface can help increase the contact surface
between the area to be treated and the tip, without the need to apply excessive pressure. A
force or pressure sensor 24 can be used to detect the contact force or pressure, and the
device can emit a visual or audio signal to guide the physician or user of the device. In
some embodiments, the signal can be set to trigger when the applied pressure or force
exceeds a threshold pressure or force. In other embodiments, the signal can trigger when
the applied pressure or force falls below a threshold pressure or force. In further
embodiments, a first signal can trigger when the applied pressure or force exceeds a first
value, and a second signal can trigger when the applied pressure or force falls below a
second value.

[0060] The handle can have a display 10, which can be used in various
embodiments to display the temperature at the tip, the treatment time, the applied force or
pressure, or other variables of interest. The handle can also have a plurality of user
interface buttons 12. The buttons can be used to turn on and turn off the device, to set and
control the temperature, to set a treatment time, or to set and control other parameters.
The device can also have one or more indicator lights 14. The indicator lights can a
single color or can be capable of displaying multiple colors. The indicator lights can
inform a user when the device is turned on, when the force or pressure exceeds or falls
below a predetermined force or pressure, when the temperature exceeds or falls below a

predetermined temperature, when a predetermined treatment time has occurred, or when
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other set conditions have been met. The handle can also have a noise-emitter or speaker
(not shown) that can be used in conjunction with or in place of the indicator lights.

[0061] Figure 2 illustrates an internal perspective view of one embodiment of
the heat treatment device. The device may have a power source 16 disposed within the
handle of the device. As illustrated, the power source can have one or more rechargeable
batteries. The one or more batteries can be nickel metal hydride, lithium ion, nickel
cadmium, or any other type of battery known in the art. The power source can power
control circuitry 20, may be disposed within the handle of the device but which in some
embodiments can be disposed within the tip, and heating element 26. Heating element 26
can be in electrical communication with the power source 16 by means of a wire 27 or
other conductive element. The heating element may be a resistive heating element, such
as nichrome wire. Although discussed in the context of a single heating element, in some
embodiments the device can have one or more heating elements.

[0062] The control circuitry 20 can be configured to communicate with any
sensors attached to the device, to control the power to the heating element, to control any
indicator lights and/or sounds, and to otherwise control the operation of the device. The
control circuitry may have at least a proportional-integral-derivative controller. In
embodiments where the tip has a temperature sensor, the control circuitry can receive
temperature measurements from the temperature sensor and adjust power delivery to
maintain the tip at a desired temperature. In other embodiments, because resistance
generally varies with temperature, the control circuitry can measure the temperature by
pulsing current to the heating element and sampling resistance during off phases. In
further embodiments, the device can have additional electronic components that can be
configured to record data from the procedure, such as, for example, the particular tip used,
the treatment temperature, the treatment time and date, the applied pressure, or any other
desired variables. The device can also have an input or form of wireless communication
that can allow a user to download recorded information.

[0063] In some embodiments, the tip 6 and handle 4 can be integrated
together. In some embodiments, the tip and handle can be modular pieces, capable of
replacement with interchangeable parts or components, as illustrated in Figure 3.
Embodiments where the tip and handle are modular allows for use of separate tips for
separate patients or conditions, and also for using tips of varying sizes and distal geometry

for more precise treatment of infections or other conditions. For example, when treating
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sties, it can be beneficial to have the diameter of the distal end of the tip approximately
matching the size of the sty. Further, as discussed above, it can be advantageous to have a
concave surface at the distal end of the tip when treating sties, but when treating other
infections or conditions it can be beneficial to have a rounded portion or other shape at the
distal end of the tip.

[0064] As illustrated in Figure 3, the tip 6 and the handle 4 can be configured
to releasably attach to each other. In some embodiments, the tip can have a connector
portion 7 and a contacting portion 8. The tip can have a connector 37 on a proximal
surface of the connector portion 7 of the tip, and the handle can have a connector 35 along
a distal surface 5 of the handle. As illustrated, the connector 37 of the tip is a male
connector that is received by a female connector 35 of the handle. In other embodiments,
the handle can have a male connector and the tip can have a female connector. The
connectors can provide an electrical connection between the heating element of the tip
and the control circuitry and power source disposed within the handle. Further, the
connectors can be threaded and configured such that the male connector can screw into
the female connector, creating a secure but releasable connection. In alternate
embodiments, the tip and the handle can have one or more latch mechanisms that allow
the tip to be quickly and easily secured to the handle while also allowing quick and easy
removal of the tip from the handle. In further embodiments, the heat treatment device can
have a second connector on the handle that can connect via an electrical cable to a second
tip.

[0065] Figure 4 illustrates a cross-sectional view of one embodiment of the tip
6. As illustrated, the tip has a heating element 26 and a wire 27 connecting the heating
element to the connector 37 of the tip. Other forms of electrical connection may be used
to connect the heating element 26 to the connector 37 of the tip, and through the
connector to the power source disposed within the handle of the device. The heating
element 26 within the contacting portion of the tip can be surrounded by a tip housing or
outer surface, which may have a thermally conductive and electrically insulating material
such as certain plastics.

[0066] Because some embodiments of the tip can have a heating element of
different sizes and/or resistances, and in some embodiments the tip can be of varying
shapes and materials, it can be beneficial for the power source to apply differing amounts

of power to a particular tip in order yield a desired temperature at the contacting portion 8
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of the tip. In some embodiments, a user of the device can manually enter the tip selected.
In other embodiments, the control circuitry can be configured to recognize a particular tip
that has been attached to the handle of the device. This can be accomplished in some
embodiments by having the control circuitry measure the resistance of the tip prior to
delivering power to the tip for purposes of treating a patient. In other embodiments, the
tips can have an electronic identifier 28 which can inform the control circuitry of the
particular tip. In further embodiments, the tip can have a group of optically reflective dots
or stripes along its proximal surface, and the handle can have photo emitters/detectors
along its distal surface that can read a particular arrangement of dots and/or stripes on the
tip that correspond to a particular tip design.

[0067] In addition to being modular, the tips can also be disposable. To
ensure sterility of the tips, they can be shipped and stored in sterile packaging. The
embodiment illustrated in Figure 5 is one way to store the tip in the sterile package and
yet allow for easy removal of the package and installation of the tip onto the handle of the
device. The package can have a first part 17 surrounding at least a part of the connector
portion of the tip and a second part 18 surrounding at least a part of the contacting portion
of the tip. The first part 17 is illustrated as a dashed line for clarity. The first and second
parts of the cover are releasably attached to each other such that one portion can be
removed and thrown away while the other portion remains around the tip. For example,
the first portion 17 around at least a part of the connector portion of the tip can be pinched
and removed with one hand while a physician or user of the device holds the contacting
portion of the tip, which is still protected by the second part 18 of the cover. The user can
connect the exposed tip to the handle of the device and then remove the second part 18
while holding onto the handle of the device. This exposes the contacting portion of the
tip, which is now connected to the handle, for application on a patient without having
introducing any pathogens to the tip portion from contact with the physician or user’s
hands.

[0068] The contacting portion of a heat treatment device — both the solid-state
heat treatment device discussed above and the liquid heat treatment device discussed
below — can be maintained at a predetermined temperature between 105 degrees
Fahrenheit plus or minus five degrees and 140 degrees Fahrenheit plus or minus five
degrees when applied against a patient. In some embodiments the contacting portion can

be maintained at a temperature below 105 degrees Fahrenheit — in other embodiments it
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can be maintained above 140 degrees Fahrenheit. Certain infections or conditions may be
more responsive to specific temperatures, so the precise treatment temperature frequently
depends on the particular condition to be treated. For example, a desired temperature for
treating internal sties in some embodiments can be between approximately 115 and 120
degrees Fahrenheit. A desired temperature for treating external sties in some
embodiments can be between approximately 125 and 130 degrees Fahrenheit.
Additionally, conditions generally respond positively not to a precise temperature but to a
therapeutic range of temperatures. Treatment at a lower temperature within a therapeutic
range can be just as effective, but may require a longer treatment time.

[0069] In some embodiments, at least for applications that treat infections, the
treatment temperature can be sufficiently high to neutralize, kill, or otherwise inactivate
the bacteria or infectious agent. In some embodiments, e.g., for treatment of tumors,
cancer, and both benign and malignant skin cancer (e.g., melanoma), etc., local
hyperthermia may provide treatment temperatures that are sufficiently high to kill the
cancer cells and/or to render the cancer cells more susceptible to chemotherapy or
radiation therapy and/or to enhance the patient’s immune response against the cancer
cells.

[0070] The treatment temperature can also depend on the external temperature
of the patient’s skin, which can affect the rate of heat transfer. In some embodiments, in
order to enhance heat transfer from the tip to the patient’s tissue, a thermally conductive
gel can be administered to the treatment site prior to applying the tip. In some
embodiments, the tip can be heated to the desired temperature and then applied to the
treatment site. In other embodiments, discussed in more detail below, patient discomfort
can be minimized by applying the tip of the device to the treatment site before the tip has
reached the desired treatment temperature. In some embodiments, in order to ensure
precise placement of the tip such that substantially only the desired treatment areas
receive heat, the device can have a locator element disposed adjacent the tip portion and
that can provide a visual indication on the affected area. For example, in some
embodiments the locator element can have a fiber optic filament in communication with a
light source for transmitting a light beam onto the affected area.

[0071] Treatment times — for both the solid-state heat treatment device
discussed above and the liquid heat treatment device discussed below — can vary

depending on the treatment temperature and the particular condition to be treated. For the
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same treatment temperature, the treatment time can be longer or shorter depending on the
condition to be treated and/or the size of the particular condition. For the same treatment
condition, the treatment time can be longer or shorter depending on the treatment
temperature: for a treatment temperature at a lower end of a therapeutic range a longer
treatment time is generally desired; similarly, a shorter treatment time is generally desired
for a treatment temperature at a higher end of a therapeutic range. In some embodiments,
the treatment time can be between approximately O and 10 seconds. In some
embodiments, the treatment time can be between 10 and 20 seconds. In further
embodiments, the treatment time can be between 20 and 40 seconds, between 40 and 60
seconds, between 60 and 80 seconds, or greater than 80 seconds.

[0072] As an example, when treating a chalazion, thermal liquification of the
hardened oil in the eyelid gland is one of the therapeutic effects. In an experimental
application, this therapeutic effect was achieved by applying a tip at 119 degrees
Fahrenheit against a chalazion for approximately 20 seconds. In a subsequent application,
the same therapeutic effect was achieved on a different chalazion at a tip temperature of
111 degrees Fahrenheit applied for approximately 70 seconds. In other experimental
applications, application of a tip at approximately 135 degrees Fahrenheit to cracks in
fingertip skin for approximately 90 seconds succeeded in accelerating wound healing.

[0073] In general, experimental application of a heat treatment device to sties,
chalazia, and skin cracks was therapeutically effective in that it greatly accelerated
complete resolution of the conditions. In addition, heat treatment provided almost
immediate reduction in pain and marked resolution of hallmarks of infection (e.g. pain,
tenderness, redness, and swelling) and related symptoms (e.g., excessive tearing) within
24 hours. The slowest response was with skin cracks, which showed some healing within
a few days and complete healing in about 5 — 7 days, which is substantially less than the
time required for healing without heat treatment, which can be at least 2 weeks and often
a month or more.

[0074] In some embodiments treatment is not constant but can be applied in a
pulsatile manner. For example, the device can be applied against a treatment area for
between approximately 1 to 5 seconds, and then be removed from the treatment area for
between approximately 2 to 6 seconds. In some embodiments, the pulsed application time
can be for less than 1 second or greater than 5 seconds. In some embodiments, the

removal time during a pulsed application can be less than 2 seconds or greater than 6
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seconds. In some embodiments, the control circuitry can be used to calculate subsurface
temperatures and can generate a signal to stop treatment when a desired subsurface
temperature at a desired treatment depth is reached.

[0075] In some embodiments, rather than using an electrical current to deliver
heat to the contacting portion of the tip, the device can rely on liquid or a fluid (the terms
are used interchangeably in this application) to transfer heat to the contacting portion of
the tip. Figure 6 illustrates one embodiment of a liquid heat treatment device 102. The
device functions generally by receiving water (e.g. tap water, distilled water, or a saline
solution) or other liquid through a fill tube 118, attached to the handle of the device 104.
The fill tube can be sealed. The fill tube can also be opened to allow water to drain from
the device. In some embodiments the fill tube can have two channels, a first channel for
receiving a liquid and a second channel for draining a liquid. A pump (not shown)
located in housing 112 draws the fluid through inlets 122 into the pump housing 112. The
fluid can receive some energy from a supplementary heater 114 and, once within the
pump housing 112, the fluid can receive further energy from a heater (not shown) located
within the housing. The fluid then passes to the tip 106 and circulates into a contacting
portion of the tip 108, where it can pass heat through the tip to the tissue of a patient. The
fluid then cycles back through the connector portion 107 of the tip and into the handle 104
of the device. Once back in the handle, the fluid passes into the pump housing 112 where
it is heated again and returns to the tip 106.

[0076] In other embodiments of the liquid heat treatment device 102, certain
elements can be arranged differently or can be excluded from the device altogether. The
device generally contemplates all components and arrangements that have a fluid that
receives heat, passes heat to the patient, and then cycles through the device to receive
more heat.

[0077] As with the solid-state heat treatment devices, the tips of liquid heat
treatment devices can be removable and in some embodiments are designed to be
disposable. In some embodiments, the contacting portion 108 can be removed from the
connector portion 107, with only the contacting portion designed to be disposable. Figure
7 illustrates one embodiment of the tip 106 of the liquid heat treatment device. As
discussed above with respect to the solid-state heat treatment device, the tip 106 can
connect to the handle 104 via a threaded connection. The tip may have an O-ring or seal

109 along a proximal end of the connector portion 107 of the tip. The O-ring or seal can
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help ensure that the liquid used in the heat treatment device does not escape when passing
from the handle to the tip. The contacting portion 108 of the tip may have a conformable
surface and receives the heated liquid circulating through the device. One advantage of
using a conformable surface filled with a liquid is that the tip can mold itself to planar or
non-planar treatment surfaces. This can help create a more constant contact pressure than
can be easily achieved with rigid tip surfaces. Additionally, the liquid can serve as a
thermal reservoir and help ensure temperature uniformity within even very large tips and
across the entire treatment surface.

[0078] Figure 8 illustrates the conformity of a liquid tip, which is being used
to treat a surface between two knuckles on the hand of a patient. The flexibility of the
liquid tip allows it to achieve a contact surface along the entire surface of the area
between the two knuckles, whereas otherwise it would be difficult to maintain consistent
contact and pressure. A liquid tip can be similarly applied to any treatment surface.

[0079] Figures 9-13 illustrate in more detail the flow path of the liquid used in
the device. This description will refer to the liquid as water, but other liquids can be used.
Figure 9 illustrates a summary of the flow path of the device, with water flowing from the
handle 104, through the connector portion 107 and into the contacting portion 108 of the
tip, from which the water returns to the handle.

[0080] Figure 10 illustrates the handle 104 of the liquid heat treatment device.
Water can enter the handle through the fill tube inlet 120. Once within the handle, the
water may circulate throughout the device and it is not necessary to continually supply
water through the fill tube inlet. From the fill tube inlet, water enters the handle of the
device through the handle inlet 121. The water or fluid then enters the pump housing 112
through the pump inlet ports 122. Water may leave the handle of the device through the
pump outlet 123.

[0081] Figure 11 illustrates a view of the proximal surface of the connector
portion 107 of the tip 106. The connector inlet 124 attaches to the pump outlet 123 such
that water exiting the pump may enter the connector inlet. Water passes through the
connector inlet and through tube 111 to the contacting portion inlet 125, illustrated in
Figure 12. The contacting portion is not illustrated for ease of viewing the distal surface
of the connector portion. Water may flow through and heat the contacting portion, and
may then exit the contacting portion through the contacting portion outlets 126. As

illustrated, the device can have a plurality of contacting portion outlets, the outlets passing
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into a chamber 110 located concentrically around the tube 111. From the chamber 110,
the liquid passes back into the handle of the device through connector portion outlets 127,
as seen in Figure 11. In some embodiments, each contacting portion outlet 126 may
connect through a tube directly to the respective connector portion outlet 127 such that a
plurality of tubes connect a plurality of contacting portion outlets to respective connector
portion outlets. In other embodiments, the device has only one contacting portion outlet
126 and one connector portion outlet 127. In some embodiments, chamber 110 is not
located concentrically around the tube 111 but instead runs parallel to it.

[0082] Figure 13 illustrates an alternative embodiment of the tube 111 and
contacting portion inlet 125 in which the tube 111 splits into a plurality of tubes such that
there are multiple contacting portion inlets 125. This may focus or diffuse the stream of
liquid, depending on how the inlets are configured. In some embodiments, the tube 111
can extend more distally into the contacting portion to help further focus or diffuse the
fluid stream. Such extensions may be made of rigid materials for rigid liquid tips,
discussed below, and flexible materials for conformable liquid tips with sufficient rigidity
to prevent unwanted deformation but adequate flexibility to permit conformation to a
treatment surface if the tip is firmly compressed against a patient.

[0083] In some embodiments, it may be advantageous to modify distribution
of the fluid stream as it leaves the tube 111 through contacting portion inlet 125 so that it
is preferentially directed toward the center or periphery of the contacting portion. One
manner of directing the stream toward the periphery could be by rifling the center bore in
a process similar to rifling a gun barrel, although with higher lands and deeper grooves
required to spin the fluid, imparting a centrifugal force that varies with the water ejection
speed. Greater ejection speed imparts more centrifugal force and hence greater radial
spread.

[0084] When the device is first filled with fluid, it can be beneficial to
evacuate any remaining air within the device. In some embodiments, the device can have
an egress port that is substantially permeable to air but not to low-pressure water. This
can allow air to exit the device but not water. In other embodiments, an egress port can
be configured to receive an electric signal that will open it during the filling process but
that will close it after the filling process when the device is ready for use. In yet further

embodiments, a vacuum pump can be connected to evacuate any air in the hand piece and
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tip. This can also help serve to verify the integrity of the conformable portion of the tip
and whether the tip is securely fastened to the handle.

[0085] Figure 14 provides a view of a proximal end of the liquid heat
treatment device. The device can have electrical connectors 132 disposed within an end
cap 116. The end cap can have a power source, such as one or more rechargeable
batteries, and control circuitry. The connectors 132 can be used to recharge the power
source and/or communicate with the control circuitry. The power source can include one
or more of the embodiments contemplated above with respect to the solid-state heat
treatment device. The control circuitry, in addition to performing the various functions
discussed above, can control the functioning of the pump and provide a safety feature by
continuously monitoring the voltage of the fluid and immediately cutting off power to the
heater or heaters if the fluid voltage is not zero or very close to zero.

[0086] In some embodiments, a liquid heat treatment device can maintain a
connection to a water source through the fill tube 118. When water returns to the handle
from the contacting portion it can circulate out of the device through a portion of the fill
tube 118 or through a separate outlet tube, rather than returning through the pump to the
contacting portion of the device. In some embodiments, the water can be heated in a base
station, described below, or obtained from a hot water supply line, and does not need to be
heated within the device. In some embodiments, the treatment device can connect to a hot
water supply line and a cold water supply line, and the device can have a mixing valve
that can be configured to adjust the relative hot and cold water proportions to achieve a
desired treatment temperature at the tip. The closer the mixing valve is positioned to the
tip, the quicker and more precisely it is able to respond to and correct temperature
fluctuations.

[0087] The liquid heat treatment device contemplates various embodiments of
the tip 106. Figure 15 illustrates one embodiment of the liquid heat treatment device in
which the connector portion 107 of the tip is significantly shorter than the embodiments
previously illustrated and discussed. The connector portion 107 can be long enough for
convenient handling. As discussed with regard to the solid-state heat treatment device, in
different embodiments the contacting portion 108 can be of various sizes.

[0088] In further embodiments, such as the embodiment of Figure 16, the
contacting portion 108 of the tip can have a rigid surface rather than the conformable

surface discussed above. The rigid tip can be molded using a thermally conductive
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plastic, or in other embodiments can be formed from metal. The rigid tip, whether
composed of plastic or metal, can have very thin walls that enhance heat conductivity
from the water into the patient’s skin, mucous membrane, or other tissue at the site of
treatment. Graphene may prove to be a particularly beneficial material for use when
constructing the rigid tip because it has a high thermal conductivity and is very rigid, but
also has exceptional strength that would permit it to be very thin around the tip. Rigid
tips can be used for precise treatment of small areas.

[0089] In some embodiments, a rigid tip can have a narrow, elongated loop
that connects a single contacting portion inlet to a single contacting portion outlet. The
loop can be formed of a thermally conductive material, such as copper or aluminum, and
can include a tube bent sharply at a distal end of the contacting portion. The apex of the
bend can serve as the patient contact area. In some embodiments, the loop can have a
covering over it that may contact the patient. In other embodiments, the loop itself can
contact the patient.

[0090] In some embodiments, certain materials and structures can be
beneficial for constructing the contacting portion 108 of the liquid heat treatment device.
Figures 17-21 illustrate one embodiment of a material that can be used with conformable
liquid tips. Figure 17 illustrates a top view of the material, which can have a plurality of
metal or graphene hexagons 160 bonded to a thermally conductive sheet 162. In some
embodiments, the metal or graphene can be formed into geometrical configurations other
than hexagons. Figure 18 illustrates how the material can flex to form three-dimensional
structures without wrinkling. This can prove beneficial when used with a conformable
tip, as discussed above, such that the contacting portion can maintain contact across the
entire area of treatment.

[0091] Figure 19 illustrates a side view of one embodiment of a material used
to construct the conformable surface of a tip. Rivets 164 can be used to attach metallic
hexagons or other geometric segments 160 to the rubber sheet 162 to lock them into place
so that they cannot rotate. The rivets can also serve to seal the sheet by compressing it so
that water cannot exit and so that patient fluids cannot enter through the sheet, and also to
present a larger surface area to the water so that heat from it more readily conducts into
the outer hex segments. Figures 20 and 21 illustrate the ease and ability of this type of

structure to flex into a concave surface (Figure 20) and into a convex surface (Figure 21).
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[0092] Because treatment temperatures can be above what many patients
would consider comfortable, or may even find painful, it can be beneficial to limit or
minimize the patient’s discomfort or pain. One way to limit discomfort is to apply
principles of sensory nerve adaption: the speed at which temperature applied to the body
changes will significantly influence the nature of a perceived stimulus, potentially
rendering an otherwise noxious stimulus acceptable. One way to take advantage of this
concept is to apply the contacting portion of the device against the tissue desired to be
treated before the contacting portion reaches a desired treatment temperature. This will be
referred to as treatment “with adaptation.” As an example, if the desired treatment
temperature is 130 degrees Fahrenheit, treatment with adaptation can include placing the
contacting portion of the device against the tissue when the contacting portion is at room
temperature or has been heated slightly, and then heating the contacting portion to 130
degrees.

[0093] Figure 22 illustrates this concept. Figure 22 charts the temperature of
the contacting portion of the device against time of application. It illustrates two separate
treatment procedures — a first treatment procedure labeled “1,” and a second treatment
procedure labeled “2.” Figure 22 also has a marked pain threshold without adaptation at a
particular temperature, a desired treatment temperature above the pain threshold
temperature without adaptation, and a plot of the pain threshold temperature with
adaptation. The pain threshold with adaptation at time zero is equal to the pain threshold
without adaptation, but increases as time increases to a maximum pain threshold
temperature with adaptation. This chart is but an example; in practice the pain threshold
temperature without adaptation, the desired treatment temperature, and the pain threshold
temperature with adaptation could be positioned at significantly different locations on the
graph. The only necessary relationship between the three is that the pain threshold
temperature with adaptation reach a temperature greater than the pain threshold
temperature without adaptation.

[0094] Whether a particular patient will experience pain when the contacting
portion at a particular temperature is placed in contact with the patient depends on
whether that temperature is above or below the particular pain threshold without
adaptation of that patient. For both of the illustrated treatment procedures, the contacting
portion of the device was placed in contact with the patient at an initial temperature below

the desired treatment temperature and below the pain threshold temperature without
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adaptation. As illustrated, both the first and second treatment procedures eventually reach
the desired treatment temperature. However, the first treatment procedure increases in
temperature more quickly than the second treatment procedure. In doing so, the first
treatment procedure reaches a temperature above the pain threshold temperature with
adaptation, and the patient experiences pain. The second treatment procedure, however,
increases temperature slowly enough such that it reaches the desired treatment
temperature without crossing the pain threshold temperature with adaptation, and the
patient experiences no unnecessary discomfort.

[0095] In some embodiments, treatment procedures with adaptation take at
least 2 seconds from when the tip is first positioned against a treatment area to when the
tip reaches the desired treatment temperature. In some embodiments, treatment with
adaptation can take at least 5 seconds for the tip to reach the desired treatment
temperature. In further embodiments, treatment with adaptation can take at least 10, 15,
20, or 30 seconds for the tip to reach the desired treatment temperature.

[0096] In Figure 22, the desired treatment temperature is below the maximum
pain threshold temperature with adaptation. Where the desired treatment temperature is
above the maximum pain threshold temperature with adaptation, it is impossible to treat
the patient without providing some amount of pain or discomfort. While the tip heats to
the desired treatment temperature, however, it is possible to minimize the time at which
the temperature of the contacting portion of the tip is above the pain threshold
temperature.

[0097] This approach, illustrated in Figure 23, is achieved by applying an
initially slower rate of temperature change, keeping the temperature under the pain
threshold, and then quickly increasing the rate of temperature change to rapidly reach the
desired treatment temperature. The two treatment procedures illustrated in Figure 23 —
treatment procedure 4, marked by line “4,” and treatment procedure 3, marked by lines
“3a” and ‘“3b” — illustrate two different methods of reaching a desired treatment
temperature from the same initial temperature in the same amount of time, but which
provide differing amounts of time above the patient’s pain threshold. In treatment
procedure 4, the temperature is increased at a constant rate to the desired treatment
temperature. In treatment procedure 3, in contrast, the temperature is increased at a lower
rate of heating in a first phase, as illustrated by line “3a,” and then quickly increased to the

desired treatment temperature in a second phase, as illustrated by line “3b.” As can be
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seen in the Figure, treatment procedure 4 spends more time above the pain threshold than
treatment procedure 3.

[0098] The heating profiles of Figures 22 and 23, and the discussed
embodiments of heat treatment with adaptation generally, can be used in both the solid-
state and liquid heat treatment device. In some embodiments of a liquid heat treatment
device, the biphasic approach illustrated by treatment procedure 3 in Figure 23 can be
achieved by having a heater or multiple heaters that quickly heat the fluid circulating
within the liquid heat treatment device. Depending on the particular fluid used, the
amount of fluid used, and the size of the device and contacting portion, rapidly changing
the temperature of the fluid can require a significant amount of energy.

[0099] Figure 24 illustrates an embodiment of the liquid heat treatment device
that can implement the biphasic approach more quickly than heating the same water to a
higher temperature in the second phase of the treatment. In Figure 24, the handle 204 of
the device has two separate chambers — a first chamber 203 and a second chamber 205.
Each chamber can have a heater; the first chamber can have a first heater 214 and the
second chamber can have a second heater 215. Each chamber can further have its own
temperature sensor (not shown), its own input from the fill tube 218, and its own output to
the section of the handle that has the pump housing 212. In some embodiments, each
chamber can have its own pump and its own output to the tip 206.

[0100] In some embodiments, the first chamber can be configured to heat fluid
to a first temperature, and the second chamber can be configured to heat fluid to a second
temperature. In some embodiments, both the first temperature and the second
temperature are greater than the desired treatment temperature; in other embodiments, the
first temperature is lower than the desired treatment temperature and the second
temperature is greater than the first temperature. In some embodiments, water from the
first chamber is heated to a first temperature from a heater (not shown) located within the
pump housing 212.

[0101] During the first phase of the biphasic approach, the first chamber can
be open and in fluid communication with the section of the handle that has the pump
housing 212. Liquid that reaches the tip 206 will approach a temperature substantially
equal to the first temperature. In the second phase of the biphasic approach, the second
chamber can open, creating a connection between the second chamber and the portion of

the handle that has the pump housing 212, thereby allowing fluid from the second
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chamber to enter circulation. Liquid that reaches the tip 206 will approach a temperature
substantially equal to the second temperature. In some embodiments, the second
temperature can be calibrated such that the combination of water from the second
chamber with water already circulating through the device will be at a desired
temperature. In some embodiments, the first chamber can close prior to opening the
second chamber.

[0102] In some embodiments, the first and second chambers can be opened
and/or closed manually. In other embodiments, the control circuitry can be configured to
automatically close or open either of the chambers based on a predetermined trigger. In
some embodiments, the second chamber can be configured to open after a set amount of
time. In other embodiments, the second chamber can be configured to open once the fluid
in the tip of the device reaches a set temperature.

[0103] The first and second chambers can be thermally insulated with respect
to each other to help keep the water in each chamber at its desired temperature.
Peripheral thermal insulation around the external surface of the handle can be used in both
the dual-chamber embodiment of Figure 24 and the single-chamber embodiments
discussed previously, in order to minimize heat loss, limit energy requirements, and limit
the external temperature of the handle. Insulation is not displayed in these figures for ease
of viewing, and is not necessary in all embodiments.

[0104] In some embodiments, as discussed above, the tip is designed to be
sufficiently inexpensive that it can be discarded after a single use. However, in order to
minimize the need for cleaning higher-cost tips that a user does not desire to throw away,
in some embodiments a barrier can be used between the patient and the application tip to
preserve sterility and prevent infection. The barrier can be formed of a variety of
materials, such as polyethylene, thin copper or aluminum foil, or other plastics, metals, or
thermally conductive materials. The barrier can be a small size, sized to fit over the
treatment area, or it can be larger for easier handling. As illustrated in Figure 25, the
barrier 370 can have a plastic portion 374 and a small island 372 composed of a foil. The
plastic portion can be clear to help in localizing the treatment area and placing the foil 372
on top of the specific treatment area. In use, the contacting portion of the treatment
device is placed against the island 372, and heat is transferred through to the treatment
area. In other embodiments, such as that illustrated in Figure 26, the application barrier

370 can have a plurality of islands 372, each of a different size or shape for treatment of
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different sized and shaped infections or injuries. In other embodiments, the sheet 374 can
function as a thermal insulator to ensure that heat is transferred primarily to the lesion or
site of infection and not to the area around it, particularly when the contacting portion of
the tip is larger than the lesion or area of treatment. This can be achieved by forming the
sheet 374 of insulating materials, and/or making the sheet thicker or including pockets of
air between different layers of the sheet 374.

[0105] In some embodiments, the treatment device can be associated with a
base station. Figure 27 illustrates one embodiment of a base station. The base station 480
can be located in a permanent or semi-permanent location, and in some embodiments can
have wheels 481. The base station can have a source of power 482 for the heat treatment
device which, in some embodiments, can be an inductive charging device, as illustrated;
in other embodiments it can have a physical connection to the source of power. The base
station can be plugged into an outlet through a power line 484 or can receive power
through its own portable power source. The base station can also have a source of water
486 that can be used to refill embodiments of the heat treatment device that rely on fluid
to transfer heat throughout the device. The water source 486 can run to a standard faucet
or a hose, tubing, and/or valve configured to attach to the fill tube of the device. In some
embodiments, the base station can have multiple sources of water, one connected to a hot
water supply and one connected to a cold water supply. The base station can also have a
drain 487, and both the drain 487 and water source 486 can be associated with a
receptacle 489 and connected to one or more water lines 488.

[0106] In some embodiments, the water source can be within the receptacle
and the receptacle can be sized to couple with the proximal end of a heat treatment device.
The water source can connect to a valve or other element that can mate with the fill tube
and inject water into the device. In some embodiments, the fill tube can be a male
connector and the valve or other element can have a female connector. In other
embodiments, the fill tube can have a female connector and the valve or other device can
have a male connector. In some embodiments, the receptacle can have both a drain and a
water source within it, and inserting the device within the receptacle can allow for filling
the device and/or draining the device. In some embodiments, the receptacle can also have
a physical power connection for the heat treatment device. In some embodiments, the
heat treatment device can charge through inductive charging while it is within the

receptacle.
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[0107] The base station can also have cabinets or other storage devices that
can store a variety of treatment tips to be used with the heat treatment device. In some
embodiments, the base station can have a network connection and can be integrated into
the IT system of a hospital or clinic, allowing the base station to send alerts if it is low in
replaceable tips, application barriers, or other components used with heat treatment
devices. In some embodiments, the base station can have a computer 483 that can be used
to program a heat treatment device, download treatment data, set temperatures and
thresholds, and otherwise interact with the heat treatment device.

[0108] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along
with the full scope of equivalents to which such claims are entitled. It is to be understood
that this disclosure is not limited to particular methods, reagents, compounds,
compositions or biological systems, which can, of course, vary. It is also to be understood
that the terminology used herein is for the purpose of describing particular embodiments
only, and is not intended to be limiting.

[0109] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of clarity.

[0110] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes but is not limited to,” etc.).
It will be further understood by those within the art that if a specific number of an
introduced claim recitation is intended, such an intent will be explicitly recited in the

claim, and in the absence of such recitation no such intent is present. For example, as an
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aid to understanding, the following appended claims may contain usage of the
introductory phrases "at least one" and "one or more" to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction
of a claim recitation by the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim recitation to embodiments containing only one such
recitation, even when the same claim includes the introductory phrases "one or more" or
"at least one" and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should be
interpreted to mean “at least one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even if a specific number
of an introduced claim recitation is explicitly recited, those skilled in the art will
recognize that such recitation should be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations,”" without other modifiers, means at least two
recitations, or two or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., “ a system having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). In those instances where a

2

convention analogous to “at least one of A, B, or C, etc.” is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., ““ a system having at least one of A, B, or C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunctive word and/or phrase
presenting two or more alternative terms, whether in the description, claims, or drawings,
should be understood to contemplate the possibilities of including one of the terms, either
of the terms, or both terms. For example, the phrase “A or B” will be understood to
include the possibilities of “A” or “B” or “A and B.”

[0111] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled in the art will recognize that the disclosure is also

thereby described in terms of any individual member or subgroup of members of the

Markush group.
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[0112] As will be understood by one skilled in the art, for any and all
purposes, such as in terms of providing a written description, all ranges disclosed herein
also encompass any and all possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufficiently describing and enabling the same
range being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As
a non-limiting example, each range discussed herein can be readily broken down into a
lower third, middle third and upper third, etc. As will also be understood by one skilled in

29 <

the art all language such as “up to,” “at least,” and the like include the number recited and
refer to ranges which can be subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the art, a range includes each
individual member. Thus, for example, a group having 1-3 cells refers to groups having
1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3,4, or 5
cells, and so forth.

[0113] From the foregoing, it will be appreciated that various embodiments of
the present disclosure have been described herein for purposes of illustration, and that
various modifications may be made without departing from the scope and spirit of the
present disclosure. Accordingly, the various embodiments disclosed herein are not

intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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WHAT IS CLAIMED IS:

1. A heat treatment device for therapeutically treating an affected area of a
patient using heat, the device comprising:

a body comprising a handle portion and a tip portion coupled to the handle
portion;

a power source supported by the body;

at least one heating element in electrical communication with the power
source, the heating element configured to heat the tip portion to a desired
temperature; and

control circuitry supported by the body of the device, the control circuitry
being configured to adjust a current flowing to the at least one heating element
when the device is in use to maintain the tip portion at the desired temperature;

wherein the tip portion is heatable to the desired temperature and
positionable against the affected area for therapeutic treatment thereof.

2. The device of Claim 1, further comprising a pressure sensor configured to
measure a force applied by the tip portion against the affected area and to provide a
feedback signal to a physician that is indicative of the force measured by the pressure
Sensor.

3. The device of Claim 1, wherein the at least one heating element is disposed
within the tip portion.

4. The device of Claim 3, wherein the at least one heating element is a
resistive heating element.

5. The device of Claim 4, wherein the control circuitry is configured to
measure the temperature by sampling a resistance of the resistive heating element.

6. The device of Claim 1, wherein the tip portion comprises a tip housing and
wherein the at least one heating element is disposed at least partially within the tip
housing and extending from a distal end of the tip.

7. The device of Claim 1, wherein the tip portion further comprises a
temperature sensor in electrical communication with the control circuitry for maintaining

the tip portion at the desired temperature.
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8. The device of Claim 1, wherein the device is modular such that the tip
portion is separable and removable from the body to allow a replacement tip portion to be
mounted onto the body after the tip portion is removed.

9. The device of Claim 8, wherein the body comprises a connector portion
configured to be coupled with a respective connector portion of the tip portion.

10. The device of Claim 8, wherein the replacement tip portion comprises an
electronic identifier that is recognizable by the control circuitry, the control circuitry being
configured to adjust the current flowing to at least one heating element of the replacement
tip portion when the device is in use in response to the electronic identifier of the
replacement tip portion.

11. A heat treatment device for therapeutically treating an affected area of a
patient using heat, the device comprising:

a body comprising a handle portion, a tip portion coupled to the handle
portion, and a fluid channel extending through the handle portion to the tip portion
such that the handle portion is in fluid communication with the tip portion,

a power source supported by the body;

at least one heating element disposed in the handle portion, the at least one
heating element being in electrical communication with the power source such that
the at least one heating element is configured to heat a fluid disposed within the
fluid channel;

a pump supported by the handle portion, the pump being configured to
urge fluid through the fluid channel from the handle portion toward the tip portion
of the device; and

control circuitry supported by the body of the device, the control circuitry
being configured to adjust a current flowing to the at least one heating element
when the device is in use;

wherein the at least one heating element is configured to heat a fluid
disposed in the fluid channel of the handle portion and the pump is configured to
facilitate transfer of the fluid toward the tip portion of the device to heat the tip
portion to a desired temperature.

12. The device of Claim 11, further comprising a return fluid channel

extending from the tip portion toward the handle portion and in fluid communication with
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the fluid channel, the fluid channel and the return fluid channel forming a circulatory

pathway to allow fluid to be circulated within the device.

13. The device of Claim 11, wherein the tip portion comprises a conformable
material.
14. The device of Claim 11, wherein the handle portion comprises a first

chamber with a first heating element and a second chamber with a second heating
element, the first chamber configured to heat the fluid in the first chamber to a first
temperature below the desired temperature, and the second chamber configured to heat
the fluid in the second chamber to a second temperature greater than the first temperature.

15. The device of Claim 14, wherein the first chamber and the second chamber
are in fluid communication with the fluid channel.

16. The device of Claim 11, wherein the tip portion further comprises a
temperature sensor in electrical communication with the control circuitry for maintaining
the tip portion at the desired temperature.

17. The device of Claim 11, wherein the device is modular such that the tip
portion is separable and removable from the body to allow a replacement tip portion to be
mounted onto the body after the tip portion is removed.

18. The device of Claim 17, wherein the body comprises a connector portion
configured to be coupled with a respective connector portion of the tip portion.

19. The device of Claim 17, wherein the replacement tip portion comprises an
electronic identifier that is recognizable by the control circuitry, the control circuitry being
configured to adjust the current flowing to at least one heating element when the device is
in use in response to the electronic identifier of the replacement tip portion.

20. A replaceable tip portion for a heat treatment device for therapeutically
treating an affected area of a patient using heat, the tip portion comprising:

a connector portion comprising an inlet flow path and an outlet flow path,
the connector portion being configured to engage with a respective connector
portion of the heat treatment device for mounting the replaceable tip portion on
the heat treatment device and fluidly interconnecting the inlet flow path with a
respective device fluid source and the outlet flow path with a device fluid
receptacle; and

a contacting portion positioned adjacent to at least a portion of the inlet

flow path for facilitating the thermal transfer from a fluid to an external surface of
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the contacting portion to enable heat treatment of an affected area by placing the

contacting portion thereagainst;

wherein the replaceable tip portion can be replaceably mounted onto the
heat treatment device for performing heat therapy on the affected area.

21. The replaceable tip portion of Claim 20, wherein an external surface of the
contacting portion comprises a conformable material.

22. The replaceable tip portion of Claim 20, wherein the external surface of
the contacting portion comprises a rigid material.

23. The replaceable tip portion of Claim 20, wherein the inlet flow path
comprises a single flow path that splits into a plurality of flow paths within the contacting
portion.

24. A replaceable tip portion for a heat treatment device for therapeutically
treating an affected area of a patient using heat, the tip portion comprising:

a connector portion and a contacting portion, the connector portion being
configured to engage with a respective connector portion of the heat treatment
device for mounting the replaceable tip portion on the heat treatment device; and

a heating element being in thermal communication with the contacting
portion and being in electrical communication with the connector portion for
heating the contacting portion to a desired temperature;

wherein the replaceable tip portion can be mounted onto the heat treatment
device for performing heat therapy on the affected area of the patient and
subsequently removed therefrom.

25. The replaceable tip portion of Claim 24, further comprising a conducting
element extending through the replaceable tip portion and being electrically coupled with
the connector portion and the heating element.

26. The replaceable tip portion of Claim 24, further comprising a connector
jacket being engageable with and removable from the connector portion and a tip jacket
being engageable with and removable from the contacting portion, the connector jacket
and the tip jacket being attached to the replaceable tip portion for preserving sterility of
the replaceable tip portion when disengaged from the heat treatment device.

27. The replaceable tip portion of Claim 24, wherein the contacting portion

comprises a conformable material.
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28. The replaceable tip portion of Claim 24, wherein the contacting portion
comprises a tip housing at least partially surrounding a contacting tip of the contacting
portion, the tip housing comprising a thermally conductive and electrically insulating
plastic.

29. A method of therapeutically treating an affected area of a patient with heat,
the method comprising:

allowing a tip of a heat applicator device to reach a desired temperature of
about 105 degrees Fahrenheit to about 140 degrees Fahrenheit;

applying the tip against the affected area at an applied pressure;

maintaining the tip against the affected area for a therapeutically effective
period of time; and

removing the tip from against the affected area of the patient.

30. The method of Claim 29, further comprising measuring the applied
pressure using the applicator to determine whether the applied pressure is within a target
pressure range and adjusting the applied pressure as needed such that the applied pressure
is within the target pressure range.

31. The method of Claim 29, further comprising heating the affected area until
the affected area reaches a temperature of about 105 degrees Fahrenheit to about 140
degrees Fahrenheit.

32. The method of Claim 29, further comprising determining an actual
temperature of the tip of the applicator and adjusting an amount of energy provided to the
tip such that the actual temperature is approximately equal to the desired temperature.

33. The method of Claim 32, wherein the tip comprises a resistive heating
element, and the step of determining the actual temperature of the tip comprises
measuring a resistance of the resistive heating element and determining a temperature that
corresponds to the measured resistance.

34. The method of Claim 32, wherein the step of determining the actual
temperature of the tip comprises measuring the actual temperature using a temperature
sensor positioned proximate to the tip.

35. The method of Claim 32, wherein the applicator further comprises a

controller configured to increase or decrease of the amount of energy supplied to the tip.
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36. The method of Claim 29, wherein the step of allowing the tip of the heat
applicator device to reach a desired temperature is performed after the tip is applied to the
affected area.

37. The method of Claim 36, wherein the step of allowing the tip of the heat
applicator device to reach a desired temperature comprises heating the tip such that the tip
reaches the desired temperature after at least about 5 seconds.

38. The method of Claim 36, wherein the step of allowing a tip of a heat
applicator device to reach a desired temperature comprises heating the tip at a first rate
and then heating the tip at a second rate, the second rate greater than the first rate.

39. A method for thermal treatment of an affected area of a patient using a heat
treatment device, the affected area defining a width, the method comprising:

selecting a tip portion for the heat treatment device from a plurality of tip
portions each having a unique size such that the size of the tip portion is selected
to generally correspond to the width of the affected area, wherein the tip portion
comprises a first connector;

connecting the first connector of the tip portion to a second connector of a
body portion of the heat treatment device;

heating the tip portion to a desired temperature; and

positioning the tip portion against the affected area, thereby thermally
treating the affected area.

40. The method of Claim 39, further comprising heating the affected area until
the affected area reaches a temperature of about 105 degrees Fahrenheit to about 140
degrees Fahrenheit.

41. The method of Claim 39, further comprising determining an actual
temperature of the tip portion and effecting an increase or decrease of an amount of
energy supplied to the tip portion in order to maintain the actual temperature
approximately equal to the desired temperature.

42. The method of Claim 39, wherein the step of determining the actual
temperature comprises measuring a resistance of a heating element of the tip portion and
determining the actual temperature based on the measured resistance.

43. The method of Claim 39, wherein the step of determining the actual
temperature comprises measuring the actual temperature using a temperature sensor

disposed proximate to a heating element of the tip portion.
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44, The method of Claim 39, wherein the heat treatment device further
comprises a controller that automatically effects the increase or decrease of the amount of
energy supplied to the heating element in order to maintain the actual temperature
approximately equal to the desired temperature.

45. The method of Claim 39, further comprising determining an applied
pressure of the tip portion against the affected area and adjusting the applied pressure such
that the applied pressure is within a target pressure range.

46. The method of Claim 39, further comprising adjusting the applied pressure
in response to a feedback signal generated from the heat treatment device.

47. A heat treatment system for therapeutically treating an affected area of a
patient using heat, the system comprising:

a heat treatment device comprising a handle portion, a tip portion coupled
to the handle portion, a fluid channel extending through the handle portion to the
tip portion such that the handle portion is in fluid communication with the tip
portion, a power source supported by the handle portion and being electrically
connected to at least one heating element such that the at least one heating element
is configured to heat a fluid disposed within the fluid channel for heating the tip
portion to a desired temperature, and control circuitry supported by the body of the
device, the control circuitry being configured to adjust a current flowing to the at
least one heating element when the device is in use; and

a base station comprising a power connection and a fluid connection, the
power connection configured to recharge the power source of the heat treatment
device, the fluid connection being interconnectable with the heat treatment device
to provide fluid to the fluid channel of the heat treatment device.

48. The system of Claim 47, wherein the base station is configured to charge
the power source through inductive charging.

49. The system of Claim 47, wherein the base station is a wheeled cart.

50. The system of Claim 47, wherein the base station further comprises a drain
and a connection to an external water source.

51. The system of Claim 47, wherein the heat treatment device is modular such
that the tip portion is separable and removable from the body to allow a replacement tip

portion to be mounted onto the body after the tip portion is removed.
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