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IN THE PATENT COOPERATION TREATY
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TITLE: METHOD AND APPARATUS FOR THE TREATMENT OF BENIGN
PIGMENTED LESIONS

INVENTORS: Robert E. Grove, Mark V. Weckwerth and Tobin C. Island
Atty. Docket: 2502187-991600

PRIORITY

This application claims the benefit of priority under 35 U.S.C. §119(e) to
United States provisional patent applications nos. 60/451,091, filed February 28,
2003; 60/456,379, filed March 20, 2003; 60/458,861, filed March 27, 2003;
60/472,056, filed May 20, 2003; 60/450,243, filed February 25, 2003; 60/450,598,
filed February 26, 2003; 60/452,304, filed March 4, 2003; 60/451,981, filed March 4,
2003; 60/452,591, filed March 6, 2003; and 60/456,586, filed March 21, 2003.

FIELD OF THE INVENTION
The present invention relates generally to dermatologic treatment methods and
apparatus, and in particular to an apparatus and method for treatment of benign
pigmented lesions.

BACKGROUND ART

Description of the Related Art

Benign pigmented lesions are extremely common in both men and women,
with estimates as high as 30-40% of adults. The lesions appear brown in color due to
an excess of melanin in a localized area compared to the surrounding, lighter-colored

skin. Those lesions in which the excess melanin is primarily or exclusively confined
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to the upper layer of skin (the epidermis) are often referred to medically as lentigines,
or commonly as age spots, liver spots or freckles.

Despite their harmless nature, these lesions are often viewed as cosmetically
undesirable, especially by women. As a result many treatment modalities have been
employed by dermatologists for generations. Conventional treatment methods include
topical creams such as hydroquinone; chemical or mechanical peels such as glycolic
acid or dermabrasion; and various forms of cryotherapy using liquid nitrogen, dry ice
or a sprayed refrigerant such as Freon.

However, all of these methods have significant drawbacks. Topical creams
having any degree of effectiveness require prescriptions, cause only modest
lightening, and necessitate sun avoidance to prevent subsequent re-darkening of the
lesions. Chemical or mechanical destruction of the epidermis is problematic because
of the risk of unwanted damage to the underlying dermis, which can result in
permanent scarring. Similarly, crude thermal injury to the epidermis (typically by
very cold substances, and thus termed cryotherapy) also runs the risk of dermal injury
due to the difficulty in controlling the depth of cold-induced cell death. On the other
hand, overly conservative treatment to avoid scarring inevitably results in the absence
of any therapeutic benefit.

Because of its simplicity and low cost, cryotherapy is the most common
conventional treatment method. Regions of the epidermis containing excessive
pigmentation are intentionally damaged, and the body regenerates new epidermal
tissue with normal levels of pigment, matching the skin surrounding the lesion.
Adjacent regions of epidermis which are normally pigmented, but which are
inadvertently also damaged by the cryotherapy, also rapidly heal with normal
pigmentation.

The superficial nature of the excess pigmentation, and the ability of the body
to regenerate the epidermis without scarring, suggest that even simpler methods might
be employed to treat these lesions. For example, one might imagine that a simple
heated rod, pressed against the skin, could effect the desired thermal damage.
However, in practice such a device either causes insufficient heating to effect
pigmentation change, or creates unwanted deeper (dermal) injury, resulting in a
blister or scar. In addition, it is quite painful.

More recently, lasers and intense pulsed light (IPL) sources have gained

acceptance among dermatologists for treatment of benign pigmented lesions. The
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absorption of light by melanin causes localized heating and thus the desired thermal
injury to the melanized epidermal layer. Because the lesion (by definition) contains a
higher concentration of melanin than the surrounding skin, heat is created
preferentially in the area of the lesion as opposed to the adjacent normally-pigmented
skin. Through careful choice of wavelength, fluence and pulse duration, considerable
lightening or occasionally complete clearing of these lesions can be achieved after
three to five treatments.

Light-based treatments of benign pigmented lesions have the dual advantages
of light-absorption-based (and thus targeted) heating, as well as good control of the
amount and time duration of energy deposition. Thus the risks of scarring or under-
treatment are greatly reduced, and these methods have largely replaced cryotherapy
among physicians having access to a laser or IPL. However, major disadvantages
remain. First, the devices cost tens of thousands of dollars, and can be used only by
medical professionals. Secondly, multiple treatments are almost always required. In
contrast, when cryotherapy is done such that thermal damage is aggressive enough to
cause cell death and yet is limited to the epidermis (a difficult task), the lesion often
clears in a single treatment.

The above results suggest that, if the desired thermal injury can be created by
some much simpler and less expensive means than laser or IPL, and at the same time
confined primarily to the epidermis, a safe, therapeutic outcome would result using a
device of much lower cost. In addition, if such a device were designed so that the total
energy delivered to the skin is limited, the device could in principle be sufficiently
safe for home use. In this way the cost and inconvenience of doctor’s appointments

could be totally avoided.

Current State Of The Art

In an attempt to achieve controlled heating of the epidermis, at least one
product has been developed that utilizes a diode laser to heat a metal cap placed
against the skin (Y-Beam Technologies, Lake Forest, CA). This approach enables
rapid, controlled heating of a surface in contact with the skin, but provides no means
for subsequent rapid cooling of this surface. Thus the same inherent difficulties
described above limit the utility of this device in effecting controlled thermal injury to

the epidermis.
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In U.S. patent 6,660,000 Neuberger et al describe a device utilizing light
energy to treat a variety of dermatologic conditions. Fuller et al (U.S. patent
5,968,034) discloses a pulsed, high-energy filament lamp for similar applications. A
multitude of laser sources for treatment of biologic targets is described in U.S. patent
6,610,052 to Furumoto, and use of diode lasers for dermatologic applications
including pigmented lesions is disclosed in U.S. patent 5,658,323 to Miller. However,
in all of the above inventions, treatment of the lesion results from the application of
light energy, which induces thermal injury to the skin. None discloses the application

of heat energy directly, followed by rapid cooling of the skin.

SUMMARY OF THE INVENTION

Therefore, in view of and in accordance with the above, an apparatus and
method is provided for the treatment of a benign pigmented lesion. The apparatus
includes an energy source, one or more switches, and electronic control circuitry. The
apparatus has a surface that is placed in contact with a region of a person’s skin
containing a benign pigmented lesion. Within the apparatus is a heating element that
is heated by passing electrical current through the element and that is thermally
coupled to the surface. When current is passed through the heating element, this
surface is heated rapidly and then is subsequently cooled rapidly. By judicious choice
of the rate of heating, maximum temperatures achieved, and rate of cooling, the
thermal injury can be confined primarily to the epidermal region of the skin in contact
with the surface. Thermal injury, primarily within the epidermis containing the benign
pigmented lesion, stimulates a healing process and subsequent normal re-
pigmentation of the skin.

This rapid heating and subsequent rapid cooling is termed a thermal pulse.
Activation of the heating element may be achieved by having a user of the apparatus
depress a button on the housing. Alternatively, in a preferred embodiment, activation
of the heating element is achieved by activation of a contact sensor located near the
surface of the apparatus in contact with the skin. This contact sensor may be a type of
membrane switch such that, when the apparatus is pressed against the skin, the
membrane switch closes, initiating the thermal pulse.

In an alternative embodiment, the surface is cooled to a temperature below an

average temperature of the skin prior to contact with the skin surface. For example,
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the surface may be cooled to a temperature of 5 — 25 degrees Celsius. Temperatures
above 25 degrees C provide little cooling effect, and temperatures near or below 0
degrees C create problems with excessive condensation and/or ice on the surface. The
pre-cooling of the surface, and especially the rapid cooling of the surface following
heating further serve to reduce the discomfort associated with the use of the device.

In yet another preferred embodiment, the apparatus may be hand-held and
self-contained, thereby eliminating the need to use the device near an electrical outlet.
This cordless device utilizes one or more batteries for its source of electrical power.
To dispose of waste heat, and for effecting pre-cooling if desired, one or more heat-
removal elements are included within the hand-held apparatus. The one or more heat-
removal elements may be a conventional finned heat sink and fan, or may incorporate
a more type of thermal battery described in more detail below.

In accordance with the present invention a method of treatment of a benign
pigmented lesion utilizes an apparatus which includes an energy source, a surface
configured for contact with the benign pigmented lesion and capable of being rapidly
heated and rapidly cooled, an ohmic heating element, and a heat removal element.
The method includes coupling the ohmic heating element between the heat removal
element and the surface in a manner so that heat is transferred more quickly to the
surface than to the heat removal element, applying a designated amount of power to
the ohmic heating element from the energy source to produce a rapid heating of the
surface for a designated period of time, removing power from the ohmic heating
element following the designated period of time so that heat can flow between the
surface and the heat removal element to provide a rapid cooling of the surface,
whereby, during operation of the apparatus, thermal injury to the region of skin in
contact with the surface is limited primarily to an epidermal layer.

In accordance with a method of the present invention, the apparatus can
further include one or more switches, so that a step can involve controlling the
application of power to the ohmic heating element with the one or more switches.
Where one or more of the switches is a contact sensor positioned near the surface to
detect substantial contact between the surface and skin, a further embodiment of the
method of the present invention can involve the step of inhibiting the application of
power to the ohmic heating element unless the substantial contact is detected by the
contact sensor. In another embodiment the detection of substantial contact initiates

the application of power to the ohmic heating element.
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In another embodiment of the above method, power is applied in a manner so
that the rapid heating of the surface heats the lesion to a temperature of at least 60
degrees Celsius in less than 200 milliseconds, and the subsequent rapid cooling of the
surface cools the lesion to a temperature of less than 50 degrees Celsius in less than
500 milliseconds.

Further steps in a method of the present invention involve cooling the surface
below an average temperature of the skin, and placing the surface in contact with the
skin prior to applying power to the ohmic heating element.

It is therefore an object of the present invention to provide an apparatus and
method for treatment of benign pigmented lesions which employs a thermal pulse
applied to the lesion through contact with a surface.

It is another object of the present invention to provide an apparatus and
method for treatment of benign pigmented lesions which employs the rapid heating
and subsequent rapid cooling of a surface which is configured for contact with a
region of skin having a benign pigmented lesion, in which the surface is capable of
being rapidly heated from an ohmic heating element and can rapidly transfer such
heat to the lesion, and in which the surface is capable of being rapidly cooled, once
the ohmic heating element has been turned off, through a thermal coupling to a heat
removal element.

It is a further object of the present invention to provide a method and
apparatus for treatment of benign pigmented lesions in a region of skin in which a
thermal pulse is supplied to the lesion through contact with a surface that is rapidly
heated through an ohmic heating element and subsequently rapidly cooled, and in
which a contact sensor is employed to inhibit the activation of the ohmic heating
element when a contact sensor indicates the absence of contact between the surface
and the region of skin.

These and other objectives, features and advantages of the present invention
will be more readily understood upon consideration of the following detailed

description of certain preferred embodiments, and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 schematically illustrates an apparatus for the treatment of benign
pigmented lesions in accordance with the present invention.

FIGURE 2 schematically illustrates a perspective view of a hand-held, self-
contained apparatus for causing heat-induced thermal injury to a region of a person’s
skin in accordance with the present invention.

FIGURE 3 displays a graph of temperatures of various elements of the
apparatus and of the skin as a function of position, and at a variety of different times.
For purposes of clarification, a schematic drawing of a portion of the apparatus is
drawn in the proper scale and with the proper alignment with respect to the graph, to
help correlate the position coordinates on the abscissa of the graph with the physical

elements of the apparatus.

INCORPORATION BY REFERENCE

What follows is a list of citations corresponding to references which are, in
addition to those references cited above and below, and including that which is
described as background and the invention summary, hereby incorporated by
reference into the detailed description of the preferred embodiments below, as
disclosing alternative embodiments of elements or features of the preferred
embodiments that may not otherwise be set forth in detail below. A single one or a
combination of two or more of these references may be consulted to obtain a variation
of the elements or features of preferred embodiments described in the detailed
description below. Further patent, patent application and non-patent references are
cited in the written description and are also incorporated by reference into the
preferred embodiment with the same effect as just described with respect to the
following references:

United States patent nos. 5,658,323; 5,968,034; 6,610,052; 6,660,000;

United States provisional patent applications no. 60/451,091, filed February
28, 2003; 60/456,379, filed March 20, 2003; 60/458,861, filed March 27, 2003;
60/472,056, filed May 20, 2003; 60/450,243, filed February 25, 2003; 60/450,598,
filed February 26, 2003; 60/452,304, filed March 4, 2003; 60/451,981, filed March 4,
2003; 60/452,591, filed March 6, 2003; and 60/456,586, filed March 21, 2003, all of



10

15

20

25

30

WO 2004/075976 PCT/US2004/005524

which are assigned to the assignee of the subject application (collectively, the “Cross-
Referenced Provisional Applications”); and

United States non-provisional patent application nos. 10/ , filed
February _ , 2004, entitled “Self-Contained Eye-Safe Hair-Regrowth-Inhibition
Apparatus And Method,” naming as inventors Tobin C. Island, Robert E. Grove, and
Mark V. Weckwerth; 10/ , filed February ___, 2004, entitled “Eye-Safe
Dermatologic Treatment Apparatus And Method,” naming as inventors: Robert E.
Grove, Mark V. Weckwerth, Tobin C. Island; and 10/ , filed February
2004, entitled “Self-Contained, Diode-Laser-Based Dermatologic Treatment
Apparatus And Method,” naming as inventors: Mark V. Weckwerth, Tobin C. Island,
Robert E. Grove, all of which are assigned to the assignee of the subject application
(collectively “the Cross-Referenced Non-Provisional Applications”).

Attention is drawn to the aforementioned Cross-Referenced Provisional
Applications and Cross-Referenced Non-Provisional Applications by the same
inventors of the subject application that disclose various aspects of dermatologic
devices, including hair removal devices and methods and eye safety devices and
methods. It is clear that one of ordinary skill in the art will recognize that aspects and
features disclosed in those applications may be configured so as to be suitable for use

in the treatment device and method described herein.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the preferred embodiment of the device (FIGURE 1), the surface contacting
the epidermis 10 is a sheet 12 of material having sufficiently high thermal
conductivity and sufficiently low thermal mass as to allow heating and cooling in
milliseconds; such heating being achieved by either placement of a heating element
14 (or elements) on said sheet, or by designing sheet 12 to serve as its own heating
element by virtue of its own electrical resistance. This type of heating is termed ohmic
heating. (Suitable materials for sheet 12 and its means of heating 14 are discussed in
mo}e detail below.)

Sheet 12 and its means of heating 14 are in turn backed by a sheet of material
16 which serves as a thermal insulator (on a time scale of miiliseconds) but which is a
thermal conductor on longer time scales (on the order of seconds). The presence of

this thermally insulating layer temporarily isolates sheet 12 from the cooled heat-
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removal element 18, allowing sheet 12 to be rapidly heated. Insulating sheet 16 is in
turn backed by a large heat-removal element 18, as for example a block of copper or
aluminum that has been cooled to a temperature below that of the skin surface.

The device in a preferred embodiment is first activated for a period of time,
perhaps tens of seconds, during which time the heat-removal element 18 is cooled
below the skin surface temperature, and during which time sheets 16 and 12 are also
cooled. The device is then placed against the skin surface (at a location containing all
or a portion of a benign pigmented lesion) and pressed against the skin for a period of
seconds to pre-cool both the contacted epidermis 10 and some fraction of the
underlying dermis 11. Sheet 12 is then rapidly heated (rising in temperature to near
100 degrees Celsius in a time period of the order of milliseconds) by passing electrical
current through a heating element or heating elements 14 in contact with the sheet or
though the sheet itself.

The rapid heating of the sheet 12 in contact with the skin causes heat to
propagate through the epidermis 10, causing the desired thermal damage. However,
because the portion of the dermis 11 adjacent to the epidermis has been pre-cooled,
and because the sheet 12 in contact with the skin is backed by the cooled heat-
removal element 18, the heated epidermis rapidly cools (after the electrical current is
turned off) by thermal conduction both downward into the dermis and upward into the
cooled thermal mass of the device. Thus the device design allows for a thermal pulse
that is analogous to that induced by a laser or IPL, but in a much simpler and lower
cost manner.

The heating of sheet 12 can be precisely controlled by virtue of the electrical
energy deposited, and the cooling of sheet 12 can be equally controlled by the design
(e.g., thickness and choice of material) of the thermally insulating sheet 16, of the
heat-removal element 18, and of sheet 12 itself. Thus the drawbacks of other more
elaborate thermal approaches, like a laser-heated metal cap, or simple thermal
approaches such as cryotherapy, are avoided. As described above, these drawbacks
include over-treatment resulting in scarring, or under-treatment resulting in lack of
efficacy.

The energy requirements to cool the heat-removal element 18 below skin
temperature and to heat the sheet 12 in contact with the skin are small; thus the entire
device can be battery-powered in its preferred embodiment. The heat-removal

element 18 itself may be a “thermal battery” containing, for example, a block of
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copi)er having a high heat capacity. In this design, the thermal battery may be
“charged” by placing the entire apparatus in a refrigerator. Alternatively, the thermal
battery may contain a material having a melting point somewhat below the skin
temperature; the resulting phase change upon heat input clamps the temperature of the
material at the melting point until sufficient heat is absorbed to overcome the heat of
fusion of the material. Alternatively, the heat-removal element 18 could be a thermo-
electric module. Yet another type of heat-removal element 18 comprises a
conventional finned heatsink and fan for discharging waste heat into the air. Further
discussion and details about heat removal elements, thermal batteries, and heatsinks
suitable for use in the present invention can be found in the above mentioned Cross-
Referenced Non-Provisional Applications.

A sensor near the tip of the device may also be incorporated to ensure that the
device has been in contact with the skin for a sufficient cooling period, prior to
activation of the heating element. This sensor can be a simple contact sensor such as a
micro-switch or membrane switch that is closed when the tip is pressed against a firm
surface such as the skin. These types of switches are well known to those skilled in
the art, and are widely used in a variety of products, such as cell phones.

In an alternative embodiment of the device, the device is not pre-cooled, and
the desired epidermal damage is achieved by virtue of the rapid heating and rapid
cooling described herein, without prior cooling of the skin below its average
temperature.

In addition to its small overall size and battery-powered operation, the limited
heating and rapid cooling of the surface of the device in contact with the skin makes
the device safe for use by individuals with no medical training. Thus the invention
permits, for the first time, effective and safe home treatment of benign pigmented

lesions.

Materials And Methods For Construction Of The Device

Sheet 12 is preferably a disc or rectangle of the order of one square centimeter
in area, and is constructed so that it can be heated rapidly (on the order of
milliseconds) by an electrical current. To construct a prototype of the device, a sheet
of silicon (University Wafer, South Boston, MA) was coated in a vacuum chamber

with a thin (~1000 Angstroms) layer of nickel. A serpentine pattern was drawn on the
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nickel with a pen containing an etch-resistant ink. The silicon sheet was then placed in
an acid bath to remove the unprotected regions of the nickel coating, leaving a
conductive path of nickel to serve as the heating element 14. This method of creating
a conductive path (in this case, with some resistance) is similar to that used for
creating printed circuit boards, and is well known to those familiar with the art.
Alternatively, a conductive path could be created in the silicon by ion implantation, or
by bonding of conventional heating elements to its surface. The insulating layer 16
utilized in the prototype was a piece of transparent tape, although there are many
other possible choices, such as glass or mica.

To provide electrical current to the heating element 14, a battery is the
preferred embodiment (to allow portability of the device) although a standard
electrical cord and outlet could alternatively be used. Further discussion and details
about battery packs, and battery powered configurations, and circuitry for controlling
the above components, suitable for use in the present invention can be found in the
above mentioned Cross-Referenced Non-Provisional Applications.

FIGURE 2 shows one possible embodiment of the device, in a form that is
both handheld and battery-powered. Output from the battery 20 passes through a
standard capacitor-charging circuit 22, when switch 24 is depressed. FIGURE 2 also
shows a possible location of the heat-removal element 18, and a possible location of a
chamber containing a phase-change material 26 to maintain the cooled temperature of
the heat-removal element. The device is placed against a benign pigmented lesion 28
located on the patient 30.

To establish and confirm the proper design of the device, a finite-difference
heat transfer model was developed, and many cases run on a personal computer to
determine the regions of heating and cooling, and the corresponding temperatures and
time scales. An example of these simulations is contained in FIGURE 3, which shows
the temperatures of the skin and of the device as a function of distance, for several
different times. In the figure, note that the device has been oriented to align with the
graph, with the skin surface located at 0.0 cm. For the computer simulation, the
following materials and values are used: silicon is utilized as sheet 12 having a
thickness of 0.5 mm, backed by a nickel trace 14 having an electrical resistance of
approximately 100 ohms and into which an electrical energy of 20.0 joules is
deposited; a thermal insulator 16 of glass is employed having a thickness of 0.1 mm,;

and a heat-removal element 18 is at an initial temperature of 5.0 degrees Celsius. With
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reference to FIGURE 3, the solid black curve labeled as “-20.0 s” indicates the
temperatures of the various elements immediately upon contact of the device to the
skin. Twenty seconds later, at time t = 0.0 s as shown by the long-dashed curve, note
that the epidermis has cooled to approximately 10 degrees Celsius. At this time a
current pulse is passed through the heating element 14, causing sheet 12 (in contact
with the skin) to rise to nearly 100 degrees C, and the layer of skin within 100
microns of the surface (approximately the location of the epidermis 10) rises to a
temperature of 50 to approximately 95 degrees C (as shown by the short-dashed
curve) resulting in the desired cell damage. After 100 milliseconds (at the completion
of energy deposition into the heating element) sheet 12 begins to cool. This can be
seen by reference to the solid gray curve in FIGURE 3, which is calculated at a time
oft=0.2 s, or 100 milliseconds after the heating element is turned off. The simulation
shows that the epidermis 10 reaches an average temperature of about 70 degrees
Celsius, but only for the very brief period of about 100 milliseconds, before heat
transfer both into the dermis 11 and heat-removal element 18 return the epidermis to
near normal temperature. The remaining curves of dots and crosses indicate the
thermal profiles at 0.5 s and 15 s, respectively, after the activation of the heating
element 14. Thus the computer model verifies that the desired thermal damage to the
epidermis can be effected in a handheld device that, in its most desired embodiment,

is both battery-powered and both simple and safe enough for home use.

ALTERNATIVE EMBODIMENTS

The utility of the apparatus and method disclosed above is not limited to the
treatment of benign pigmented lesions. For example, it is known that new collagen
can be generated by thermal stimulation of the skin, reducing the appearance of facial
wrinkles. Similarly, the appearance of a person suffering from acne may be improved
by the application of the thermal pulse produced by the subject invention, through
destruction of bacteria or unclogging of facial pores. Thus the present invention may
be well suited for these dermatologic conditions as well, particularly for home
treatment.

While exemplary drawings and specific embodiments of the present invention
have been described and illustrated, it is to be understood that that the scope of the

present invention is not to be limited to the particular embodiments discussed. Thus,
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the embodiments shall be regarded as illustrative rather than restrictive, and it should
be understood that variations may be made in those embodiments by workers skilled
in the arts without departing from the scope of the present invention, as set forth in the
appended claims and structural and functional equivalents thereof.

In addition, in methods that may be performed according to preferred
embodiments herein and that may have been described above, the operations have
been described in selected typographical sequences. However, the sequences have
been selected and so ordered for typographical convenience and are not intended to
imply any particular order for performing the operations, unless expressly set forth in

the claims or as understood by those skilled in the art as being necessary.
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What is claimed:

We claim:

1. An apparatus for treatment of a benign pigmented lesion on a region of skin
5  comprising:
an energy source;
a surface of the apparatus configured for contact with the benign
pigmented lesion and capable of being rapidly heated and cooled;
an ohmic heating element within the apparatus and thermally coupled
10 to the surface;
a heat removal element within the apparatus and thermally coupled to
the surface;
electronic control circuitry responsive to an activation signal so that the
energy source is coupled to the ohmic heating element to cause rapid heating
15 of the surface and thereafter to permit rapid cooling of the surface;
whereby thermal injury to the region of skin in contact with the surface

is limited primarily to an epidermal layer.

2. The apparatus of claim 1, further including one or more switches and

wherein the activation signal is provided by the one or more switches.

20 3. The apparatus of claim 2, wherein the one or more switches includes a

contact sensor.

4. The apparatus of claim 2, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

25 5. The apparatus of claim 4, wherein the one or more switches is a contact

SENsor.

6. The apparatus of claim 2, wherein the electronic control circuitry couples
the energy source to the ohmic heating element so that the rapid heating heats the

lesion to a temperature of at least 60 degrees Celsius in less than 200 milliseconds,
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and the subsequent rapid cooling cools the lesion to a temperature of less than 50

degrees Celsius in less than 500 milliseconds.

7. The apparatus of claim 6, wherein the one or more switches is a contact

SENsor.

8. The apparatus of claim 6, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

9. The apparatus of claim 8, wherein the one or more switches includes a

contact sensor.

10. A handheld, self-contained apparatus for causing controlled heat-induced
thermal injury to a region of skin of a person comprising:

a housing configured for gripping by a person’s hand;

an energy source within the housing;

an ohmic heating element within the housing and thermally coupled to
the surface;

one or more heat-removal elements within the housing and thermally
coupled to the surface;

a surface of the housing configured for contact with skin;

electronic control circuitry responsive to an activation signal so that the
energy source is coupled to the ohmic heating element to cause rapid heating
of the surface and thereafter to permit rapid cooling of the surface;

whereby thermal injury to the region of skin in contact with the surface

is limited primarily to an epidermal layer.

11. The apparatus of claim 10, including one or more switches which provide

the activation signal.

12. The apparatus of claim 11, wherein the one or more switches includes a

contact sensor.

13. The apparatus of claim 10, wherein the energy source comprises one or

more batteries within the housing.

15
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14. The apparatus of claim 11, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

15. The apparatus of claim 14, wherein the one or more switches includes a

5 contact sensor.

16. The apparatus of claim 11, wherein the rapid heating and subsequent rapid
cooling of the surface is adapted to provide thermal injury to the region of the skin

suitable for treatment of a benign pigmented lesion.

17. The apparatus of claim 16, wherein the one or more switches includes a

10  contact sensor.

18. The apparatus of claim 16, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

19. The apparatus of claim 18, wherein the one or more switches includes a

15  contact sensor.

20. The apparatus of claim 16, wherein the electronic control circuitry couples
the energy source to the ohmic heating element so that the rapid heating heats the
lesion to a temperature of at least 60 degrees Celsius in less than 200 milliseconds,
and the subsequent rapid cooling cools the lesion to a temperature of less than 50

20  degrees Celsius in less than 500 milliseconds.

21. The apparatus of claim 20, wherein the one or more switches includes a

contact sensor.

22. The apparatus of claim 20, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

25  ohmic heating element.

23. The apparatus of claim 22, wherein the one or more switches includes a

contact sensor.
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24. The apparatus of claim 11, wherein the one or more heat-removal elements

includes a thermal battery.

25. The apparatus of claim 24, wherein the one or more switches includes a

contact sensor.

26. The apparatus of claim 24, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

27. The apparatus of claim 26, wherein the one or more switches includes a

contact sensor.

28. The apparatus of claim 24, wherein the rapid heating and subsequent rapid
cooling of the surface is adapted to provide thermal injury to the region of the skin

suitable for treatment of a benign pigmented lesion.

29. The apparatus of claim 28, wherein the one or more switches includes a

contact sensor.

30. The apparatus of claim 28, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

31. The apparatus of claim 30, wherein the one or more switches includes a

contact sensor.

32. The apparatus of claim 28 wherein the electronic control circuitry couples
the energy source to the ohmic heating element so that the rapid heating heats the
lesion to a temperature of at least 60 degrees Celsius in less than 200 milliseconds,
and the subsequent rapid cooling cools the lesion to a temperature of less than 50

degrees Celsius in less than 500 milliseconds.

33. The apparatus of claim 32, wherein the one or more switches includes a

contact sensor.
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34. The apparatus of claim 32 wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

35. The apparatus of claim 34, wherein the one or more switches includes a

5 contact sensor.

36. An apparatus for treatment of a benign pigmented lesion on a region of
skin comprising:
an energy source;
a surface of the apparatus configured for contact with the benign
10 pigmented lesion and capable of being rapidly heated and cooled;
an ohmic heating element within the apparatus and thermally coupled
to the surface;
a heat removal element within the apparatus and thermally coupled to
the surface, wherein the surface is capable of being heated more rapidly than
15 the heat removal element;
electronic control circuitry responsive to an activation signal and
which couples the energy source to the ohmic heating element at a power level
or duration, or both, sufficient to cause rapid heating of the surface and
thereafter permits rapid cooling of the surface;
20 whereby thermal injury to the region of skin in contact with the surface

is limited primarily to an epidermal layer.

37. The apparatus of claim 36, further including one or more switches and

wherein the activation signal is provided by the one or more switches.

38. The apparatus of claim 37, wherein the one or more switches includes a

25 contact sensor.

39. The apparatus of claim 37, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

ohmic heating element.

40. The apparatus of claim 39, wherein the one or more switches is a contact

30 Sensor.
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41. The apparatus of claim 37, wherein the power level or duration, or both,
are selected so that the rapid heating heats the lesion to a temperature of at least 60
degrees Celsius in less than 200 milliseconds, and the subsequent rapid cooling cools
the lesion to a temperature of less than 50 degrees Celsius in less than 500

5  milliseconds.

42. The apparatus of claim 41, wherein the one or more switches is a contact

sensor.

43. The apparatus of claim 41, wherein the surface is cooled below an average
temperature of the skin and placed in contact with the skin prior to activation of the

10 ohmic heating element.

44. The apparatus of claim 43, wherein the one or more switches includes a

contact sensor.

45. The apparatus of claim 1, wherein the energy source is coupled to the
ohmic heating element for a selected period of time, and further wherein the heat
15  removal element includes
a thermal insulating portion; and
a heat absorbing portion;
wherein the thermal insulating portion is selected to have a thermal
transfer rate so that it operates as a thermal insulator during at least a portion
20 of the selected period of time, and as a thermal conductor following the

selected period of time.

46. The apparatus of claim 45, wherein the thermal insulating portion is a
layer selected from a group of materials including transparent tape, glass or mica, and
the heat absorbing portion is selected from a block of metal, a phase change material,

25  athermo-electric module, or a finned heatsink.

47. A method of operating an apparatus for treatment of a benign pigmented
lesion on a region of skin, wherein the apparatus includes an energy source, a surface
configured for contact with the benign pigmented lesion and capable of being rapidly
heated and rapidly cooled, an ohmic heating element, and a heat removal element, the

30  method comprising the steps of:
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thermally coupling the ohmic heating element to the surface in a
manner so that the surface rises in temperature more rapidly than the heat
removal element;

applying a designated amount of power to the ohmic heating element
from the energy source to produce a rapid rise in temperature of the surface for
a designated period of time;

removing power from the ohmic heating element following the
designated period of time so that heat can flow between the surface and the
heat removal element to provide a rapid cooling of the surface;

whereby, during operation of the apparatus, thermal injury to the
region of skin in contact with the surface is limited primarily to an epidermal
layer.

48. The method of claim 47, wherein the apparatus further includes
one or more switches, and further including the step of controlling the
application of power to the ohmic heating element with the one or more
switches.

49. The method of claim 47, wherein the apparatus further includes a
contact sensor capable of detecting substantial contact between the surface and
the region of skin, and further including the step of inhibiting the application
of power to the ohmic heating element unless the substantial contact is
detected by the contact sensor.

50. The method of claim 48, wherein the designated amount of power
is selected so that the rapid heating of the surface heats the lesion to a
temperature of at least 60 degrees Celsius in less than 200 milliseconds, and
the subsequent rapid cooling of the surface cools the lesion to a temperature of
less than 50 degrees Celsius in less than 500 milliseconds.

51. The method of claim 48, including the steps of cooling the surface
below an average temperature of the skin, and placing the surface in contact

with the skin prior to applying power to the ohmic heating element.
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