
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
us 20070239236Al

(19) United States
(12) Patent Application Publication

Manstein
(10) Pub. No.: US 2007/0239236 Al
(43) Pub. Date: Oct. 11,2007

(54) METHOD AND APPARATUS FOR
PRODUCING THERMAL DAMAGE WITHIN
THE SKIN

(75) Inventor: Dieter Manstein, Boston, MA (US)

Publication Classification

(51) Int. Cl.
A61N 5/06 (2006.01)

(52) U.S. Cl. 607/89

(57) ABSTRACT

Related U.S. Application Data

(60) Provisional application No. 601790,172, filed on Apr.
7,2006.

(73) Assignee: The General Hospital Corporation,
Boston, MA (US)

Correspondence Address:
DORSEY & WHITNEY LLP
INTELLECTUAL PROPERTY DEPARTMENT
250 PARK AVENUE
NEW YORK, NY 10177 (US)

A method and apparatus are provided for treating dermato­
logical conditions, in which a first beam of radiation is used
to ablate a hole in skin tissue, and a second beam ofradiation
is directed into the hole and onto a region of skin tissue
adjacent to and/or at the bottom of the hole. The first beam
can be provided by an ablative laser such as a C02 laser or
an ER:YAG laser. The second beam can be provided by, e.g.,
an ablative laser operating at a lower peak power level than
the first beam, a non-ablative laser, a flashlamp, a tungsten
lamp, a diode or a diode array. A controlled amount of
thermal damage can thereby be provided at a desired depth
within the skin, using radiation sources that would be
absorbed closer to the surface of the skin if an ablated hole
were not present. Cooling and/or freezing of the skin prior
to ablation can be provided to provide an analgesic effect
and/or stabilize the tissue surrounding the ablated hole. The
region of skin to be treated can optionally be pulled towards
the radiation source using a vacuum to stretch and/or stabi­
lize the skin tissue surrounding the volume to be ablated.
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METHOD AND APPARATUS FOR PRODUCING
THERMAL DAMAGE WITHIN THE SKIN

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from U.S. Patent Application Ser. No.
601790,172, filed Apr. 7, 2006, the entire disclosure ofwhich
is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to methods and appa­
ratus that use an electromagnetic radiation for a dermato­
logical treatment and, more particularly, to method and
apparatus that can use optically-generated radiation to ablate
a passage into the skin, with another radiation then being
directed into the passage to create localized thermal damage
deep within the skin.

BACKGROUND INFORMATION

[0003] There is currently an increased demand for a repair
of skin defects, which can be induced by aging, sun expo­
sure, dermatological diseases, traumatic effects, and the like.
A number of treatments which utilize an electromagnetic
radiation have been used to improve skin defects by induc­
ing a thermal injury to the skin, which generally results in a
complex wound healing response of the skin. This can lead
to a biological repair of the injured skin.

[0004] The electromagnetic radiation can undergo com­
plex reactions with biological tissues, including the skin.
The degree of interaction between the biological tissues and
the radiation can be affected by characteristics of both the
tissues and the radiation. Chromophores within the skin,
such as melanin and hemoglobin, can absorb different fre­
quencies of light. Water can act as a chromophore for the
radiation provided by certain types of lasers, leading to high
absorption rates and little penetration. Radiation energy can
also be scatter as it passes through skin and other biological
tissues.

[0005] The absorption of the electromagnetic radiation
passing through the skin can lead to the generation of heat
at the absorption site. This effect can be used to generate
targeted heating of local regions of the tissue based on the
absorption properties. For example, preferential absorption
by dark hair can be used in laser hair removal techniques,
where the hair follicles are thermally damaged by absorbed
energy, while the lighter surrounding tissue may be spared.
However, such techniques may use specific combinations of
laser and target characteristics.

[0006] Certain types oflasers may be effective in produc­
ing desirable effects when absorbed by certain tissue struc­
tures. For example, KTP lasers and pulsed dye lasers can be
effectively absorbed by vascular lesions to produce cosmetic
improvements. The electromagnetic radiation produced by
these lasers can target the vascular hemoglobin to generate
local heating of the lesions. Vascular lesions include, e.g.,
port wine stains and hemangiomas. However, these struc­
tures are often located at some depth below the skin surface.
The KTP lasers and the pulsed dye lasers, among others, are
highly absorbed, and generally do not penetrate deeply into
the skin, e.g., sometimes only I or 2 mm. Surface cooling
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can be important when using these lasers to avoid excessive
damage to the epidermis, while providing sufficient power to
allow the radiation to make a deeper penetration. This
requirement can make the treatment more complex and less
effective, and some vascular structures may be located too
deep below the surface to be treated effectively with such
lasers.

[0007] Therefore, there may be a need to provide a pro­
cedure and apparatus that are capable of directing the energy
provided by highly-absorbed lasers to specific structures
which may be located deep below the skin surface, while
avoiding the effectuation of excessive damage to the epi­
dermis. There may also be a need to avoid or reduce the
above-described deficiencies.

SUMMARY OF EXEMPLARY EMBODIMENTS
OF THE INVENTION

[0008] It is therefore one of the objects of the present
invention to provide exemplary apparatus and method that
can combine safe and effective treatment for an improve­
ment of the dermatological disorders with minimum side
effects. Another object of the present invention is to provide
exemplary apparatus and method that generate a region of
thermal damage deep below the skin surface that can be
located accurately while causing only a small amount of
damage to other nearby tissues.

[0009] These and other objects can be achieved using the
exemplary embodiment ofthe apparatus and method accord­
ing to the present invention, in which a first ablative radia­
tion sources can be configured to provide a beam to generate
a small hole that penetrates the epidermis and terminates
near the target area that is to receive thermal damage. A
second, less-ablative or non-ablative radiation beam can
then be directed into the hole where it can easily pass
through the ablated passageway, and be absorbed primarily
in the vicinity of the bottom of the hole. This exemplary
procedure can provide enhanced and highly localized ther­
mal damage adjacent to the target area. The second radiation
beam can be applied less than about three seconds, or
preferably less than about one second, after the first radiation
beam is applied to the skin tissue.

[0010] In another exemplary embodiment of the present
invention, a plurality of holes may be formed by an ablative
beam of electromagnetic energy, with each hole terminating
at or adjacent to a target area oftissue to be treated thermally.
A second radiation beam can be directed into each hole after
it is formed, e.g., to provide a larger degree of thermal
heating and/or damage at and/or around the target area.

[0011] In a further exemplary embodiment of the present
invention, the skin tissue surrounding the area to be treated
can be cooled and/or frozen. This can provide an analgesic
effect and reduce the extent of lateral thermal damage
surrounding the ablated volume. If the tissue is frozen, it
may be more mechanically rigid and improve the stability of
the hole to provide a clearer passage for the second radiation
beam.

[0012] In yet another exemplary embodiment of the
present invention, a vacuum chamber may be used to stretch
the skin surface over the target structure located beneath the
skin surface. A first ablative radiation source may be con­
figured to generate a small hole that penetrates the epidermis
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and terminates near the target area. A second, less-ablative
radiation source can then direct a beam into the hole, where
it can be absorbed primarily near the target area. The
vacuum can then be released, allowing the stretched skin
surface to relax and closing the hole more rapidly.

[0013] These and other objects, features and advantages of
the present invention will become apparent upon reading the
following detailed description of embodiments of the inven­
tion, when taken in conjunction with the included drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For a more complete understanding of the present
invention and its advantages, reference is now made to the
following description, taken in conjunction with the accom­
panying drawings, in which:

[0015] FIG. 1 is a black diagram of an exemplary appa­
ratus that may be implemented in accordance with an
exemplary embodiment of the present invention;

[0016] FIG. 2A is a cross-sectional view of an exemplary
use of the apparatus of FIG. 1 and a method which can be
performed by such apparatus to form an ablated hole ter­
minating near a target structure that may be produced in
accordance with an exemplary embodiment of the present
invention;

[0017] FIG. 2B is a cross-sectional view of an exemplary
ablated hole that may be produced in accordance with
exemplary embodiments of the present invention after the
formation thereof in FIG. 2A;

[0018] FIG. 2C is a cross-sectional view of an exemplary
use of the apparatus of FIG. 1 and the method which may be
performed by such apparatus to form an exemplary thermal
damage pattern that may be produced in accordance with the
exemplary embodiment of the present invention;

[0019] FIG. 2D is a cross-sectional view of an exemplary
thermal damage pattern that may be produced in accordance
with the exemplary embodiment of the present invention
produced after the irradiation shown in FIG. 2C;

[0020] FIG. 3 is a cross-sectional view of another exem­
plary damage pattern that may be used to treat a larger
vascular defect formed using the exemplary apparatus and
method in accordance with certain exemplary embodiment
of the present invention; and

[0021] FIG. 4 shows a cross-sectional view of the exem­
plary system and apparatus that may be used to promote
more rapid closure of an ablated hole in accordance with
further exemplary embodiments of the present invention.

[0022] Throughout the drawings, the same reference
numerals and characters, unless otherwise stated, are used to
denote like features, elements, components, or portions of
the illustrated embodiments. Moreover, while the present
invention will now be described in detail with reference to
the Figures, it is done so in connection with the illustrative
embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] FIG. 1 shows an exemplary apparatus 100 that may
be used to provide a dermatological treatment in accordance
with an exemplary embodiment of the present invention.
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The apparatus 100 can include a housing 110 that may be
positioned in contact with the surface of the skin 160 over
an area to be treated. The apparatus 100 also can include a
first electromagnetic radiation ("EMR") source 120, a sec­
ond EMR source 125, an optical arrangement 130, and a
control module 140. These components may be situated
within the housing 110 as illustrated in FIG. 1, or part or all
of any of them may be located outside the housing 110. The
control module 140 can be in communication with the EMR
sources 120, 125, each of which in turn can be operatively
connected to the optical arrangement 130. The control
module 140 can also be in electrical and/or optical commu­
nication with the optical arrangement 130.

[0024] In one exemplary embodiment of the present
invention, the control module 140 can be in wireless com­
munication with the EMR sources 120 and/or 125. In
another exemplary embodiment of the present invention, the
control module 140 may be in wired communication with
one or more of the EMR sources 120, 125. In yet another
exemplary embodiment of the present invention, the control
module 140 can be located outside of the housing 110. In
still another exemplary embodiment of the present inven­
tion, the first EMR source 120 and/or the second EMR
source 125 may be located outside of the housing 110. In a
further exemplary embodiment of the present invention, the
control module 140 and one or both ofthe EMR sources 120,
125 are each located outside of the housing 110.

[0025] The control module 140 can provide application­
specific settings to the first EMR source 120 and the second
EMR source 125. The first and second EMR sources 120,
125 can be configured to receive these settings, and generate
a first EMR and a second EMR, respectively, based on these
settings. The energy produced by the first and second EMR
sources 120, 125 can be optical radiation, which can be
focused, collimated and/or directed at least in part by the
optical arrangement 130 towards the surface of the skin 160.
Examples of the settings include, but are not limited to, the
wavelength of the EMR, the energy delivered to the skin, the
power delivered to the skin, the pulse duration for each EMR
pulse, the fluence of the EMR delivered to the skin, the
number of EMR pulses, the delay between individual EMR
pulses, the beam profile of the EMR, etc.

[0026] The first EMR source 120 can be capable of
generating the first EMR so as to ablate skin tissue. This first
EMR source 120 can be, for example, a CO2 laser or an
Er:YAG laser. The second EMR source 125 can be capable
of causing thermal damage to the skin tissue. The second
EMR source 125 can be the same laser as the first EMR
source 120, or other radiation source, optionally operated at
a lower peak power level or with one or more different
parameters such that it will generate thermal damage and
relatively little ablation when directed into skin tissue.
Alternatively, the second EMR source 125 can be a laser, a
flashlamp, a tungsten lamp, a diode, a diode array, and the
like. In certain exemplary embodiments of the present
invention, the second EMR source 125 can be a laser that
emits a highly-absorbed wavelength such as, e.g., the KTP
laser, the pulse dye laser, or the argon laser. The energy from
such lasers often do not penetrate deeply into biological
tissue because they are quickly absorbed, so they may not be
suitable for conventional laser heat treatment of targets
located well below the skin surface.

MIPL
Highlight
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[0027] An exemplary embodiment of a method providing
exemplary steps in accordance with the present invention
using the exemplary system and apparatus of the present
invention are illustrated in FIGS. 2A-2D. In FIG. 2A, the
apparatus 100 can be placed on the skin surface over the
target 270. The target 270 can be, e.g., a vascular lesion such
as a hemangioma, a tattoo or other pigmentation, or any
other structure within the skin tissue that can be beneficially
affected by local heating. A beam 210 from the first EMR
source 120 can be directed into the skin toward the target
270. The characteristics of the beam 210 can be selected
such that it ablates tissue that it contacts, which produces a
narrow hole 220 as shown in FIG. 2B. The parameters of the
beam 210 such as, for example, fluence or pulse duration,
may be adjusted so that the bottom of the narrow hole 220
lies close to the target 270. In certain exemplary embodi­
ments of the present invention, the bottom of the hole 270
may lie just above the target 270, and/or it may be located
within the target 270. The diameter of the ablated hole 220
can be between, e.g., approximately 0.2 mm and 0.7 mm, or
more preferably, between about 0.3 mm and 0.5 mm. The
depth of the hole can be selected based on the depth of the
desired target to be thermally treated or damaged.

[0028] After the hole 220 is formed by the ablative beam
210 generated by the first EMR source 120, a nonablative
beam 230 (provided, e.g., by the second EMR source 125)
can be directed through the hole to the bottom as shown in
FIG. 2C. Because the beam 230 is traveling primarily
through an ablated hole, a small amount of the energy
associated therewith it may be absorbed until the beam 230
reaches the bottom of the hole 220. At the bottom of the hole
220, the beam 230 will be absorbed, generating a zone of
thermal damage 270. The duration ofthe applied pulse of the
second EMR beam 230 can be longer than that of the
ablative beam 210. This exemplary technique can provide a
longer heating interaction at a lower energy level, which is
beneficial for creating a significant amount of thermal dam­
age.

[0029] If the second EMR source 125 generates radiation
that is highly absorbed, then the zone ofthermal damage 270
may be localized around the bottom of the hole 220. This
exemplary method and apparatus in accordance with the
exemplary embodiments of the present invention can facili­
tate the thermal damage zones to be created at precisely
predefined locations. In addition, the degree of a local
damage can be significant because most of the energy
generated in the second EMR source beam 230 can travel
freely through the hole 220, and not be absorbed until it
reaches the bottom.

[0030] The second EMR beam 230 can be directed into the
hole 220 soon after the hole 220 is formed by the ablative
beam 210. The time between the generation of the two
beams 210, 230 should be as short as possible, because the
hole 220 begins to collapse or close quickly, e.g., on the
order of about three seconds or less, or preferably less than
about one second.

[0031] Ablative holes produced using a CO2 laser have
been observed to close very quickly. A hole made using the
CO2 laser having a wavelength of 10.6 fllll, an applied
energy of about 0.4 J, a one-millisecond pulse, and a focal
diameter of about 0.2 mm may produce an ablated zone
approximately 0.3 mm in diameter that extended about 1.4-4
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mm into the skin from the surface. A thermal damage zone
about 0.05 to 0.1 mm can be observed around the ablated
hole. The hole may be observed to heal rapidly, within about
1-2 days, with no scarring. These observations indicate that
this exemplary technique can be performed without increas­
ing the risk of scarring or infection significantly because of
the fast healing response of the small holes.

[0032] FIG. 3 illustrates an implementation of a further
exemplary embodiment of the present invention, in which a
larger structure 310 such as, e.g., a port wine stain, may be
thermally damaged with a high precision. This can be
achieved by providing a plurality of ablated holes 250, each
ending close to or at the structure 310. The second EMR
beam 230, applied soon after formation of the holes 250 can
create several adjacent areas of the thermal damage '270.
These areas can contain or significantly affect the bulk ofthe
structure 310. In this manner, large regions of thermal
damage can be precisely generated well below the surface of
the skin, with very little damage occurring to the tissue
above the damaged region.

[0033] In a further exemplary embodiment of the present
invention, a vacuum-based housing arrangement can be
provided to more accurately align the EMR beams with the
target site located on the surface of the skin. An exemplary
configuration for this arrangement is illustrated in FIG. 4.
For example, a recessed chamber 410 containing an orifice
420 can be formed at the lower portion of the housing 110.
The housing 110 can be placed over the target structure 270,
and a vacuum may be provided in the region 430 above the
orifice 420. This vacuum can draw the skin surface 160 into
the chamber 410 until the skin surface 160 contacts the
upper surface of the chamber 410. The housing 110 can be
positioned so that the target structure 270 is located directly
beneath the orifice 420. In this manner, the vacuum is
capable of holding the skin surface 160 firmly against the
chamber 410 to maintain a more precise alignment of the
first (ablative) and second (thermally damaging) EMR
beams with the target structure 270.

[0034] An additional advantage of the exemplary embodi­
ment of the present invention illustrated in FIG. 4 can be that
the effective area of the skin surface 160 that is penetrated
during generation of the ablated hole 220 can be reduced
quickly. When the skin surface 160 is pulled up into the
chamber 410 by a vacuum, it may be stretched. This
stretching may persist while the first and second EMR
beams 210, 230 penetrate into the skin tissue. After the
vacuum is released, the skin surface 160 can relax and regain
its original shape. This relaxation at the skin surface can
cause the ablated hole 220 to shrink. This mechanical
shrinkage can improve the post-treatment appearance of the
skin quickly and lead to more rapid healing of the tissue
around the ablated hole 220.

[0035] In a still further exemplary embodiment of the
present invention, a cooling arrangement can be provided to
cool or freeze a portion of the skin to be treated before
ablating a hole in the skin. Such cooling arrangement can
provide cooling, e.g., using conventional contact or spray
cooling techniques. Cooling the skin before ablation can
provide an analgesic effect for the ablation procedure. If
sufficient cooling is applied to at least partially freeze a
portion of the dermal tissue, this can mechanically stabilize
the tissue surrounding an ablated hole to allow more accu-
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rate alignment of the second EMR beam. It may also reduce
the extent of lateral thermal damage produced by the abla­
tion (e.g., damage along the sides of an ablated hole).

[0036] The foregoing merely illustrates the principles of
the invention. Various modifications and alterations to the
described embodiments will be apparent to those skilled in
the art in view of the teachings herein. It will thus be
appreciated that those skilled in the art will be able to devise
numerous techniques which, although not explicitly
described herein, embody the principles of the invention and
are thus within the spirit and scope of the invention.

[0037] Although the invention has been described in terms
of particular embodiments and applications, one of ordinary
skill in the art, in light of this teaching, can generate
additional embodiments and modifications without depart­
ing from the spirit of or exceeding the scope of the claimed
invention. Accordingly, it is to be understood that the
drawings and descriptions herein are proffered by way of
example to facilitate comprehension of the invention and
should not be construed to limit the scope thereof.

[0038] It will thus be appreciated that those skilled in the
art will be able to devise nnmerous systems, arrangements
and methods which, although not explicitly shown or
described herein, embody the principles of the invention and
are thus within the spirit and scope of the present invention.
In addition, all publications, patents and patent applications
referenced herein are incorporated herein by reference in
their entireties.

What is claimed is:
1. An apparatus, comprising:

a first arrangement configured to generate at least one first
electromagnetic radiation and at least one second elec­
tromagnetic radiation, and

a second arrangement configured to:

direct the at least one first electromagnetic radiation
onto at least one first target area of a skin tissue so
as to remove a volume thereof, and

direct the at least one second electromagnetic radiation
through at least a portion of the ablated volume and
onto at least one second target area of the skin which,

2. The apparatus according to claim I, wherein the at least
one second target area is at least one of partially adjacent to
or at least partially below the removed volnme.

3. The apparatus according to claim I, wherein a first
dimension of the removed volume that extends parallel to a
surface of the skin is smaller than a second dimension of the
removed volume that extends in a direction that is non­
parallel to the surface.

4. The apparatus according to claim I, wherein the second
arrangement is an optical arrangement.

5. The apparatus according to claim 4, wherein the at least
one first electromagnetic radiation is provided by an ablative
laser.

6. The apparatus according to claim 5, wherein the
ablative laser is at least one of a C02 laser or an Er:YAG
laser.

7. The apparatus according to claim 4, wherein the at least
one second electromagnetic radiation is provided by a
non-ablative laser.
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8. The apparatus according to claim 4, wherein the at least
one second electromagnetic radiation is provided by at least
one of a KTP laser, a pulse dye laser, or an argon laser.

9. The apparatus according to claim 4, wherein the at least
one second electromagnetic radiation is provided by at least
one of a flashlamp, a tungsten lamp, a diode or a diode array.

10. The apparatus according to claim 4, wherein a first
peak power level associated with the at least one first
electromagnetic radiation is greater than a second peak
power level associated with the at least one second electro­
magnetic radiation.

11. The apparatus according to claim 5, further compris­
ing a cooling arrangement configured to cool at least a
portion of tissue adjacent to the target area.

12. The apparatus according to claim 11, wherein the
cooling arrangement is configured to freeze at least a portion
of the tissue.

13. The apparatus according to claim 5, further compris­
ing a vacuum arrangement configured to pull the at least one
first target area in the direction of the optical arrangement.

14. The apparatus according to claim 5, wherein the first
dimension is between about 0.2 mm and 0.7 mm.

15. The apparatus according to claim 5, wherein the first
dimension is between about 0.3 mm and 0.5 mm.

16. The apparatus according to claim 5, wherein the
second arrangement configured to direct the at least one
second electromagnetic radiation less than about three sec­
onds after directing the at least one first electromagnetic
radiation.

17. The apparatus according to claim 5, wherein the
second arrangement configured to direct the at least one
second electromagnetic radiation less than about one second
after directing the at least one first electromagnetic radiation.

18. A method for treating dermatological conditions,
comprising:

controlling at least one electromagnetic radiation source
to generate at least one first electromagnetic radiation
and at least one second electromagnetic radiation;

directing the at least one first electromagnetic radiation
onto at least one first target area of a skin tissue so as
to ablate a volume thereof; and

directing the at least one second electromagnetic radiation
through at least a portion of the ablated volnme and
onto at least one second target area of the skin.

19. The method according to claim 18, wherein the at least
one first electromagnetic radiation is provided by an ablative
laser.

20. The method according to claim 18, wherein the at least
one second target area is at least one of partially adjacent to
or at least partially below the removed volume.

21. The apparatus according to claim 18, wherein a first
dimension of the removed volume that extends parallel to a
surface of the skin is smaller than a second dimension of the
removed volume that extends in a direction that is non­
parallel to the surface.

22. The method according to claim 18, further comprising
cooling at least a portion of the first target area of a skin
tissue before directing the at least one first electromagnetic
radiation onto the first target area.

* * * * *


