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(57) Abstract: A method and apparatus are provided for radiation treatment on a patient by use fiber laser and/or a tunable laser,
a tunable fiber laser being used for preferred embodiments. Wavelength may be controlled to control depth of penetration and/or
radiation absorption and may be scanned to scan depth of penetration.



10

15

20

25

30

WO 03/003903 PCT/US02/20929
1

LASER DEVICE FOR MEDICAL/COSMETIC PROCEDURES

FIELD OF THE INVENTION

This invention relates to laser devices for medical and cosmetic procedures and more

particularly to such devices utilizing a tunable and/or fiber laser as a radiation source.

BACKGROUND

Laser and other optical radiation sources are utilized in devices for performing a
variety of dermatology and other medical/ cosmetic procedures. Such procedures typically
target a chromophore in the tissue of the individual being treated which, depending on the
procedure, may be melanin, hemoglobin, lipid, water, pigment of a tattoo etc. Since water is
the major constituent of cells in an individual’s skin, water is frequently the chromophore of
choice in performing such procedures.

Water being highly absorbent at many optical radiation wavelengths, particularly
wavelengths over about 1800 nm, can be a very efficient absorber of optical radiation at these
and other wavelength bands, therefore permitting a desired procedure, particularly a
dermatology procedure, to be performed from a source having relatively low output energy,
and thus from a source which is smaller and less expensive than where a chromophore which
absorbs less strongly is targeted or where the wavelength utilized is not as strongly absorbed
by water. However, the pervasiveness of water in skin means that radiation at wavelengths
highly absorbed by water can penetrate at most a few millimeters into a patient’s skin. Some
dermatology or other procedures performed by targeting water require deeper penetration.

Heretofore, it has not been possible to obtain optimum efficiency for a laser
dermatology or other procedure targeting water at a variety of depths from a single laser
device, and in particular, it has not been possible to scan the treatment laser beam in the depth
direction during a treatment procedure.

Focus is also an issue in targeting a particular depth, the relatively large spot sizes of
existing devices making it difficult to focus to a precise 3D spot. In addition, some desirable
wavelengths are difficult and/or expensive to achieve with existing lasers.

An improved treatment device with a smaller, more easily focused spot size is
therefore desirable, as is such a device permitting a range of wavelengths to be easily and
controllably achieved so as to facilitate a desired depth of penetration while achieving

optimum radiation absorption, and more efficient treatment at the desired depth. An ability to
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scan in the depth direction is also desirable.

SUMMARY OF THE INVENTION

In accordance with the above, the invention provides a device and a method for

performing radiation treatment on a patient. The device may include at least one fiber laser
and a mechanism for delivering radiation from the at least one fiber laser to the patient.
Where the fiber laser is tunable, the device may also include controls for tuning the fiber laser
to a desired wavelength. The desired wavelength may be selected a desired depth of
penetration in the patient and/or a selected laser efficiency. The controls may also scan
radiation depth by the controls scanning the laser wavelength. The controls, which may be
either manually or computer controlled, may also change absorption, and thus target heating,
by changing wavelength.

A plurality of the fiber lasers may be adjacent mounted to provide radiation along a
line, and the lasers may be spaced to achieve selected spaced areas of damage in a target
region. For selected embodiments, the tunable range is at least 1800 to 1920 nm.

For some embodiments, the device includes a box containing part of the at least one fiber
laser along with drivers and controls therefore, a head containing an end of the at least one
fiber laser and optics which are at least part of the mechanism for delivering radiation from
the fiber laser to the patient, and an umbilical through which the at least one fiber laser passes
from the box to the head. The box may also include a mechanism for tuning the wavelength
of the fiber laser(s). For other embodiments, the device is a substantially self-contained
handheld device containing the at least one fiber laser, a driver mechanism and a control
mechanism therefore, and optics which form at least part of the mechanism for delivering
radiation from the fiber laser to the patient. For these embodiments, the control mechanism
preferably includes a mechanism for tuning the wavelength of the fiber laser(s).

The method includes providing at least one fiber laser, and delivering optical radiation
from the at least one fiber laser to a portion of a patient’s body undergoing treatment. The
step of tuning the fiber laser(s) to a desired wavelength, either before or during the delivery
step, is also preferably provided. The wavelength may also be scanned during the delivery
step, thereby causing depth of penetration to be scanned.

The method and device are preferably used to perform a dermatology procedure, and
in particular may be utilized to treat at least one of vascular lesions, non-uniformity of skin

pigmentation, unwanted hair, acne, tattoos, nail cosmetics and disorders, skin micro-
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preparation/micro-perforation, improving skin appearance/texture, vitiligo, psoriasis and
tissue welding. The method and device may also be implemented using any suitable tunable
laser.

The foregoing and other objects, features and advantages of the invention will be
apparent from the following more particular description of preferred embodiments of the
invention, as illustrated in the accompanying drawings, the same or similar reference

numerals being used for common elements in the various figures.

DESCRIPTION OF THE DRAWINGS

Fig. 1 shows one embodiment of the invention, Fig. 1a being a schematic view of the

system of the embodiment, and Fig. 1b being a cut-away side view of a head suitable for use
in this embodiment.

Fig. 2 is a cut-away side view of a self-contained head for a second embodiment of
the invention.

Fig.3 is a diagram showing the relationship between water absorption coefficient and
wavelength over a relevant wavelength band.

Fig. 4 is a diagram showing the relationship between penetration depth of light into
the human dermis and wavelength.

Fig. 5 is a diagram showing the relationship between adiabatic heating of the dermis
at various depths and wavelength.

Fig. 6 is a diagram showing the relationship of adiabatic pulse width and target

diameter under certain assumptions.

DESCRIPTION OF THE INVENTION

The problems indicated above are overcome in accordance with the teachings of
preferred embodiments of this invention by utilizing as the radiation source a fiber laser with
diode pumping, for example fiber lasers from IPG Photonics Corporation (Oxford, MA).
Depending on application, a single fiber laser having an output power of up to 2000 W may
be utilized, or two or more such lasers may be utilized. Such high power can be achieved
with a Ytterbium (YDb) fiber laser. The wavelength of this laser is about 1070 nm. Other fiber
lasers available include ones doped with different ions such as Thulium (Tm), Erbium (Er),
Praseodymium (Pr), Nedimium (Nd) and Holmium(Ho). In Table 1, parameters of various

ones of these fiber lasers are show. The main advantages of fiber lasers are high efficiency
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(up 30%), high beam quality and brightness (diffraction limited), compactness, high

reliability, tunability and potential low cost.

Table 1

Parameters

Yb laser

Tm laser

Pr laser

Er laser

Ho laser

Power, W

Up to 2000

Upto 15

Upto 10

Upto 5

Upto 1

Wavelength,

nm

1050-1120

1450-1610
1750-2000

1290-1315

1520-1610

2.85-2.95
32

Wavelength
with Raman
converter,

nm

1200-1600

Wavelength
with second
harmonic
generator,

nm

525-555

725-805
875-1000

645-657

760-805

1.42-1.47
1.6

Energy in
Q- switch

mode, J

0.005

Beam

quality, M?

<1.05

Minimum
spot size on
the target,

microns

1-30

The wavelength of a fiber laser can be easily converted to another wavelength by
using non-linear optics, for example a non-linear crystal or fiber for second harmonic
generation (SHG) or an optical parametric oscillator (OPO). With this option, the operating
wavelength of a fiber laser may cover the hemoglobin absorption band (Yb laser with SHG
525-555nm).



10

15

20

25

30

WO 03/003903 PCT/US02/20929
5

A desktop version of a medical or cosmetic system based a fiber laser is shown in Fig.
la. This system includes a box 1which contains control and other electronics, a cooling
mechanism, a diode laser, part of a fiber laser, suitable optics and an acoustic module for
tuning the wavelength of the fiber laser if it is necessary. The system also includes a
handpiece 3 connected to box 1 by an umbilical 2 having fiber laser 4 passing therethrough.
Referring to Fig. 1b, which is a cross section of handpiece 3, it is seen that the end of fiber
laser 4 extends inside the handpiece, terminating at optical system 5, which may include
lenses, and, if necessary, non-linear optics and/or a 1D, 2D or 3D beam scanner. The head
also includes an optical tip 6 which can include a sapphire plate or lens, mounted within a
mechanical support 8. A cooling function may be provided to tip 6, generally through
support 8, in various ways known in the art, for example electronically or by flowing cooling
liquid or gas over the tip, the cooling fluid normally being applied to head 3 through
umbilical 2 from box 1. All of head 3, except for tip 8, is shown enclosed in a housing 7,
which housing may be grasped by a system operator. Head 3 is shown positioned against the
skin 9 of a patient. Electronics in box 1 can provide optical radiation in CW or pulsing mode,
including Q-switch mode.

Fig. 2 shows a self contained or head version 3’of a fiber laser based system, which
system would normally be used for cosmetic treatments. Head 3’ includes a diode laser 10
driving a fiber laser 4 under control of control electronics 11. A battery 12 provides power
for all of these components. Electronics 11 has an on/off switch 13 and a tuning control 20
for the illustrative embodiment; however, either or both of these controls may be missing for
some embodiments, particularly where tuning of fiber laser 4 is not required. An on/off
switch is also shown for the embodiment of Fig. 1. A cooling element 14 is shown, which
may be used to cool the laser(s), other electronic components and/or tip 6. Cooling element
14 can be a phase transfer material as described in copending application entitled “Cooling
System for a Photocosmetic Device,” by J. Caruso, G. Altshuler, H. Zenzie, J. Burke, A.
Erofeev, filed May, 23, 2002, which is incorporated herein in its entirety by reference, or a
liquid gas. Power for diode 10 can be 1W for an illustrative embodiment. The fiber laser
output for such illustrative embodiment can have an 0.2W power density, have a 5 micron
spot size and deliver 1 MW/cm?2 or 10000J/cm2 for a 10 ms pulsewidth.

The embodiment of either Fig. 1 or Fig.2, may contain a single fiber laser 4 mounted
to generate a spot output, or may contain two or more of the fiber lasers 4 mounted adjacent

each other to generate an output along a line. If a battery 12 is not utilized, electrical energy
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6
may be applied to the head of Fig.2 through an umbilical to drive the various components
thereof. Optoacoustic or other suitable elements known in the art may be utilized to tune the
wavelength of the fiber laser. A suitable manual control 20 may be provided, for example as
shown in each figure, to permit the operator to control the output frequency from the fiber
laser. Suitable cooling may also be provided for head 10 either through umbilical 2 or by a
thermoelectric or other component mounted in the head. Box 1 or electronics 11 may include
a microprocessor or other suitable control for automatically, for example by a suitable
program, controlling fiber laser output. A display, for example display 22 in Fig. 1a, may be
provided for either embodiment to show the operator the frequency to which the fiber laser is
tuned and/or other relevant information.

Fig. 3 is a diagram illustrating the absorption characteristics of water, particularly
water in tissue, from 1750 to 1950 nm. Available fiber lasers currently provide an output
tunable over a range of approximately 1750 to 2000 nm. From Fig. 3, it can be seen that
absorption by water is roughly 1 mm™ from about 1750 to 1860 nm, and then increases
significantly to nearly 14 mm™ as a function of wavelength from 1860 to approximately 1920
nm. Therefore, by tuning the fiber laser to operate at approximately 1820 to1850 nm,
significant depth of penetration can be achieved, for example to a depth of approximately 3 to
5 microns into the patient’s skin. However, laser efficiency in heating water at this
wavelength, while adequate for most applications, is substantially lower than for a
wavelength of approximately 1920 nm. However, depth of penetration is 1 mm or less at this
more highly absorbed wavelength. By adjusting control 20, the user can therefore tune fiber
laser 4 to obtain optimum laser efficiency for a desired depth of penetration and can control
the depth of penetration which is achieved. The radiation can also be scanned in the depth
direction either by manually adjusting control 20, or automatically where a processor is
provided and is utilized to control the output wavelength of the fiber laser. The processor
may be programmed for a desired scan pattern or may control the scan in response to suitable
inputs from a user, for example operation of control 20.

Another advantage of fiber laser 4 is that it produces a small spot size, for example
five mm, which may be more easily focused to a precise point at a precise depth. Particularly
where two or more of these fibers are positioned in head 3, adjacent to but spaced from each
other, the invention may be used to achieve precise areas of damage/sparing as taught in co-
pending application Serial No. 10/033302, filed December 27, 2001, which is incorporated

herein in its entirety by reference.
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Still another advantage of using a tunable fiber laser 4 for optical dermatology is that
it can be tuned to wavelengths which are desirable but otherwise difficult and/or expensive to
achieve. For example, the 1920 nm wavelength achievable with this device has previously
been achieved only with an expensive and low efficiency Holmium laser.

Further, when it is desired to change target temperature, it has been necessary to alter
laser power, something which is not always easy, and generally involves an appreciable time
delay before the desired target temperature change is achieved; however, changing
wavelength in accordance with the teachings of this invention can cause a rapid and
significant change in target absorption, and thus in target temperature. Such a mechanism for
controlling target temperature has not heretofore been available.

While the devices of this invention have many potential therapeutic and cosmetic
applications, they are particularly adapted for various dermatological treatments including:

(a) Skin treatments/rejuvenation including: treating vascular lesions, such as spider

veins, the precise spot size being particularly adapted for the selective coagulation
of vessels, treating non uniformity of skin pigmentation, treating skin collagen to
for example improve skin appearance and/or feel/texture, skin micro-
preparation/poration, etc.

(b) hair removal.

(c) treating acne, particularly by the destruction of the sebaceous gland.

(d) treating of nails

(e) tattoo removal.

() tissue welding.

Considering some of these treatments in greater detail:

Skin rejuvenation:

The system of for example an IR tunable fiber laser, focusing optics, and (in some
embodiments) scanner (or other embodiments) can be used for treatment of various skin
conditions, including (but not limited to) vascular lesions, pigmented lesions, vitiligo,
psoriasis, and for improving skin texture. Targeting the laser beam at a specific depth is
achieved by changing the focal length of the focusing optics and tuning the laser to a specific
wavelength. Since scattering in the tunable wavelength range is drastically reduced in
comparison to the visible wavelength range, beam shaping is possible at much greater depths,

with a soft focus being possible to even greater depths. As a result, a focal spot can be
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8
created at a desired depth down to at least about 1 mm below the surface. Since water is the
primary chromophore in the tunable wavelength range, practically any structure within the
specified depth range can be targeted. When treating pigmented lesions, the laser is operated
in such a way as to cause either ablation or coagulation of tissue in the selected area in the
pigmented lesion. When treating vascular lesions, blood is coagulated as a result of heating
water in the blood vessels, and closure of the vessel is achieved. When improving skin
texture, the laser is operated at sub-coagulation fluence levels and focused in the upper
dermis in order to induce a micro-inflammatory reaction and increase collagen production in
the targeted area. When treating vitiligo, the laser is focused in the basal membrane and
operated at sub-coagulation levels in order to induce an increase in melanin production.
When treating psoriasis, the laser is also focused in the basal membrane and operated at a
fluence level sufficient to suppress hyper-proliferation activity of the basal cells. Within the
scope of this invention, other treatment regimens can be devised by those skilled in the art for
treatment of these and other skin conditions. Figs. 4 and 5 illustrate how it is possible, by
changing the wavelength of the fiber laser, to concentrate light, and thus heat, at different
depths in the skin. Fig. 6 illustrates the relationship between adiabatic pulse-width and target
diameter, where the target is assumed to be spherical, and the adiabatic pulse-width is
assumed to coincide with the thermal relaxation time, yielding:
D?
4-a

ulsewidth =
P 2

2 -1

with 0=10" cm?s™.
Skin micropreparation/microperforation:

The purpose of this aspect of the invention is to provide a minimally invasive
technique for creating a highly reproducible and controlled micro-perforation pattern in tissue
(typically, in skin). This goal can be achieved by using an IR tunable fiber laser with focusing
optics yielding a spot size of about 5 pm at the skin surface. The laser can be tuned within a
wavelength range between 1.75 pm and 1.94 pm. When operated at a sub-millisecond pulse-
width range, the skin ablation threshold is about 1.5 kJ/cm?. That requires the output energy
of about 0.4 pnJ. Unlike previously disclosed laser systems for fluid sampling, the small
channel diameter delivered by the proposed technique precludes any blood loss and greatly

diminishes the danger of the channel contamination by exogenous microorganisms. The small
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channels also facilitate fast healing. At the same time, the channel is sufficient to facilitate
penetration of pharmaceutical or cosmetic compositions through the stratum corneum. In
some embodiments of the invention, the laser is combined with a scanning system, providing

a capability of creating highly controlled micro-perforation patterns.

Acne

In yet another aspect of the invention, the system of an IR tunable fiber laser, focusing
optics, and (in some embodiments) scanner can be used for the treatment of acne. When
treating acne, the system is focused either in the sebaceous gland itself to suppress sebum
production or in the infundibulum to reduce clogging of the sebaceous duct. In this
application, additional selectivity can be achieved by tuning the fiber laser to a wavelength

close to the absorption maximum of lipids (around 1.75 pm).

Nail cosmetic/disorders

In yet another aspect of the invention, the system of an IR tunable fiber laser, focusing
optics, and (in some embodiments) scanner can be used for treatment of nail disorders
(including, as examples, fungal infection and paronychia) and for cosmetic/hygienic
reshaping of nail plates. When treating nail disorders, the system is focused in the pockets of
infection, and the causative agents (fungi or bacteria) are killed through photothermal action.
When using the system to improve cosmetic appearance of the nails and/or hygienic
conditions of the nails, light is focused within the nail plate, and either the microstructure of
the plate is modified to alter its visual appearance, or multiple pulses are used to cause

separation of unwanted parts of the plate.

Tattoo Removal

A fiber laser in Q- switch mode and tuned to an optimum wavelength to match the
spectra of absorption of a tattoo can be used for tattoo removal. The wavelength of the fiber
laser can be selectively changed to match variations in coloring of the portion of the tattoo

being treated.

While the invention has been described above with respect to illustrative
embodiments and variations thereon, the particular fiber lasers described, as well as the head

3 and the overall system, are provided for purposes of illustration only and can vary
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significantly with application. In particular, while diode pumping of the fiber laser and
acoustic tuning are specified for preferred embodiments, these are not limitations on the
invention, and, where appropriate, other suitable pumping and tuning mechanisms may be
utilized. Optics, cooling and other components can also vary with application. Further, while
fiber lasers are required for most embodiments, there are embodiments where such lasers may
not be required. Finally, while the invention is particularly adapted for dermatology
applications, it may also be utilized to perform other medical/therapeutic and/or cosmetic
procedures. Thus, the foregoing and other changes may be made in the invention by those
skill in the at while still remaining within the spirit and scope of the invention which is

intended to be limited only by the following claims.

What is claimed is:
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CLAIMS

1. A device for performing a radiation treatment on a patient comprising:
at least one fiber laser; and

a mechanism for delivering radiation from said at least one fiber laser to said patient.

2. A device as claimed in claim 1 wherein said at least one fiber laser is tunable, and

including controls for tuning the fiber laser to a desired wavelength.

3. A device as claimed in claim 2, wherein said desired wavelength is selected to

achieve at least one of a desired depth of penetration in patient and a selected laser efficiency.

4. A head as claimed in claim 2, wherein said controls scan the wavelength of said

tunable fiber laser, and thus scan radiation depth.

5. A device as claimed in claim 2, wherein said controls are at least one of manual and

computer controlled.

6. A device as claimed in claim 2, wherein said controls, by changing wavelength,

change absorption, and thus target heating.

7. A device as claimed in claim 1 including a plurality of said fiber lasers adjacent

mounted to provide radiation along a line.

8. A device as claimed in claim 7, wherein said fiber lasers are spaced to achieved

selected spaced areas of damage in a target region.

9. A device as claimed in claim 1, wherein said at least one fiber laser is tunable over a

range of at least 1800 to 1920 nm.

10. A device as claimed in claim1 wherein said device includes a box containing part of
said at least one fiber laser along with drivers and controls therefore, a head containing an

end of said at least one fiber laser and optics which are at least part of said mechanism for
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delivering radiation from the fiber laser to the patient, and an umbilical through which the at

least one fiber laser passes from the box to the head.

11. A device as claimed in claim 10 wherein said box includes a mechanism for tuning

the wavelength of the at least one fiber laser.

12. A device as claimed in claim 1 wherein said device is a substantially self- contained
handheld device containing said at least one fiber laser, a driver mechanism and a control
mechanism therefore, and optics which form at least part of said mechanism for delivering

radiation from the fiber laser to the patient.

13. A device as claimed in claim 12 wherein said control mechanism includes a

mechanism for tuning the wavelength of the at least one fiber laser.

14. A device as claimed in claim 1 wherein said device is utilized to treat at least one of
vascular lesions, non-uniformity of skin pigmentation, unwanted hair, acne, tattoos, nail
cosmetics and disorders, skin micro-preparation/micro-perforation, improving skin

appearance/texture, vitiligo, psoriasis and tissue welding.

15. A method for performing a laser treatment including:
providing at least one fiber laser; and
delivering optical radiation from the at least one fiber laser to a portion of a patient’s

body undergoing the treatment.

16. A method as claimed in claim 15 wherein said treatment is a dermatology procedure.

17. A method as claimed in claim 15 including the step of tuning the at least one fiber

laser to a desired wavelength either before or during said delivering step.

18. A method as claimed in claim 17 wherein said desired wavelength is selected to

achieve at least one of a desired depth of penetration in patient and a selected laser efficiency.
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19. A method as claimed in claim 17 wherein said wavelength is scanned during said

delivering step, thereby causing depth of penetration to be scanned.

20. A method as claimed in claim 17 wherein, by changing wavelength, target absorption,

and thus target heating, are also changed.

21. A method as claimed in claim 15 wherein a plurality of said fiber lasers are provided

which are positioned to deliver radiation along a line.

22. A method as claimed in claim 21 wherein the fiber lasers are spaced and radiation
therefrom is delivered such that the radiation is delivered to a plurality of spaced spots on the

patient’s body.

23. A method as claimed in claim 15 wherein said method is utilized to treat at least one
of vascular lesions, non-uniformity of skin pigmentation, unwanted hair, acne, tattoos, nail
cosmetics and disorders, skin micro-preparation/micro-perforation, improving skin

appearance/texture, vitiligo, psoriasis and tissue welding.

24. A device for performing a radiation treatment on a patient comprising:
at least one tunable fiber laser;
controls for tuning the fiber laser to a desired wavelength; and

a mechanism for delivering radiation from said at least one fiber laser to said patient.

25. A method for performing a laser treatment including:

providing at least one tunable fiber laser;

delivering optical radiation from the at least one fiber laser to a portion of a patient’s
body undergoing the treatment; and

tuning the at least one fiber laser to a desired wavelength either before or during said

delivering step.

26. A method as claimed in claim 25 wherein said treatment is a dermatology procedure.
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27. A method as claimed in claim 25 including the step of scanning said wavelength

during said delivering step, thereby causing depth of penetration to be scanned.

28. A method for performing a laser treatment including:

providing at least one tunable fiber laser;

delivering optical radiation from the at least one fiber laser to a portion of a patient’s
body undergoing the treatment; and

scanning said wavelength during said delivering step, thereby causing depth of

penetration to be scanned.

29. A method for performing a laser treatment on a patient including:
tuning at least one laser to a selected wavelength; and
delivering optical radiation of the selected wavelength from the at least one laser to a

portion of a patient’s body undergoing the treatment.

30. A device for performing a radiation treatment on a patient comprising:
at least one tunable laser;
controls for tuning the laser to a desired wavelength; and
a mechanism for delivering radiation of the desired wavelength from said at least one

laser to said patient.
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