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Description
2. Field of the invention

[0001] The presentinvention is related to minimally in-
vasive devices for treatment of biological tissue. More
particularly, the invention relates to medical devices ap-
plying diode laser induced vapor/plasma in order to
achieve specific effects on tissues.

3. State of the Art Statement

[0002] Since laser technology was introduced in mar-
kets for medical procedures, numerous laser devices
have been proposed for tissue removal. Laser energy
can be used taking advantage of its different advanta-
geous features. As a consequence, tissue can be vapor-
ized, liquefied, coagulated, etc, through laser radiation
by means of using different treatment parameters, such
as energy, power, wavelength, etc.

[0003] Laserenergy canalsolead to plasmaformation,
by means of using appropriate radiation parameters and
environment properties. Plasma formation is achieved
through optical breakdown, which is a non linear effect
produced when laser radiation is suffciently condensed
in time and space, leading to high density power. During
optical breakdown of electromagnetic energy, an ionized
state or plasma is formed. Plasma expands rapidly gen-
erating a shockwave which may be followed by cavitation
or vapor bubble formation. Cavitation or vapor bubble
collapse further contributes to shockwave generation. As
a consequence, by focusing laser energy on a target ma-
terial such as a gas, liquid or solid, the latter may be
damaged by the sequence of optical breakdown, plasma
formation and shockwave generation. Plasma and cav-
itation phenomena are both associated with strong photo
and thermo-ablative effects. Inside plasma bubbles, high
temperatures of over a thousand degrees arise. The
presence of cavitation effects is always associated with
a typical crackling noise produced by the shockwaves.
One example of how this can be achieved is by providing
an initial pulse as for instance in the FREDDY device (in
this case generated by a flash lamp pumped frequency
doubled pulsed YAG laser). The plasma produced by
FREDDY laser is a sparkling plasma.

[0004] According to the afore-mentioned mechanism
of action, laser energy can be applied in two different
ways to achieve tissue removal (by means of plasma
formation). Indirectly, by focusing it upon a target placed
between laser beam and tissue, which in turn vibrates
due to optical breakdown and emulsifies tissue, or direct-
ly on target tissue in order to achieve its removal.
[0005] In the first case, laser energy is transmitted
through an optical fiber generating a shockwave which
produces vibrational motion in the target (placed at a
handpiece’s tip) that is then transmitted to the tissue in
order to cause emulsification.

[0006] InU.S.PatentN° 5,224,942, Beuchat et al. dis-
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close a method and apparatus using laser energy for
destroying body tissue which includes a handpiece com-
prising a surgical tip assembly which is driven by means
of laser to achieve optical breakdown, plasma formation
and shockwave generation to emulsify or destroy body
tissue. As laser is focused on a target (placed inside the
handpiece) which vibrates due to plasma formation, mild
energy is applied to tissue, which is only emulsified by
mechanical vibration of handpiece tip. As a conse-
quence, versatility of this system is limited as it is aimed
at treating soft tissue.

[0007] U.S. Patent N° 5,324,282 by Dodick et al.,
teaches a system based on similar principles. Pulsed la-
ser energy is discharged to strike a metal target, which
acts as a transducer converting the electromagnetic en-
ergy to shockwaves that are directed to tissue to be treat-
ed. The mechanical shockwaves cause the tissue to frac-
ture.

[0008] In U.S. Patent Application N° 2004/0167504,
Thyzel et al. disclose a surgical needle for fracturing tis-
sue comprising adistal operating port which holds tissue.
Pulsed laser energy is applied to a target through an op-
tical fiber, generating shockwaves due to plasma forma-
tion from the optical breakdown of target, impinging on
the tissue to be fractured. This patent is mainly focused
on fracturing tissue, so here again system versatility is
limited.

[0009] Afore-mentioned patents are founded on plas-
ma formation upon a target material, which converts op-
tical breakdown into mechanical vibrations. As a conse-
quence, energy loss occurs in this transduction, dimin-
ishing treatment efficacy. Furthermore, mechanical vi-
brations are not selective with the tissue to be treated,
so effects on other tissue rather than tissue to be treated
may appear. In other words, not only desired tissue may
be affected by vibrations.

[0010] When laser radiation is directly focused on tis-
sue in order to achieve its removal, target for radiation is
now tissue itself. Usually, tissue to be removed is sur-
rounded by liquid and illuminated with laser radiation
above a threshold intensity level, generating a shock-
wave. Thus, tissue is damaged by mechanical energy,
rather than melting. This method is widely used in order
to break calculi, stones, and calcified tissue within the
body. For instance, plasma has been used in medical
treatments in the form of ionized Argon gas for the abla-
tion of mucosal layers. This way stones have been frac-
tured by the shockwaves created due to the collapse of
bubbles initiated by plasma formation at the tip of fiber
optics delivering laser pulses from flash lamp pumped,
frequency doubled YAG lasers (FREDDY).

[0011] InU.S. Patent N° 5,071,422, Watson et al. dis-
close a method for breaking down material within the
body, based on a pulsed dye laser source. Optical fiber
is inserted in the area to be treated, which is surrounded
with liquid and then radiated with pulsed dye laser energy
in order to achieve fragmentation by means of shock-
waves. This invention basically discloses calculi and
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stone fragmentation. But if dye laser radiation is not ab-
sorbed by stones, plasma formation will not occur and
laser lithotripsy will not be effective. The plasma pro-
duced by a dye laser is sparkling plasma. Furthermore,
as a pulsed dye laser source is used, frequent mainte-
nance may be required as this source is not a solid-state
laser.

[0012] U.S. Patent N° 5,963,575 by Miller et al., dis-
closes a Q-switched laser system for laser lithotripsy.
The system incorporates longer pulse duration, increas-
ing plasma formation and consequently shockwave pro-
duction. Laser source is preferably a Nd:YAG laser,
which is a ionic crystal source. As a consequence, it has
low efficiency, large dimensions, and needs liquid cool-
ing. Moreover, it requires alignment, as laser radiation is
conveyed to the treatment zone by means of mirrors in-
stead of opticalfibers. Furthermore, this technology lacks
precision compared to other laser technologies.

[0013] InU.S.PatentN° 4,260,108, Reichel etal.teach
alaser-induced lithotripter in which pulsed laser radiation
in the vicinity of infrared region is concentrated at a con-
crement to be destroyed which is surrounded with an
aqueous rinsing liquid. Concrement is destroyed by
breakdown (plasma) of rinsing liquid, giving rise to shock-
wave and cavitation. Rinsing liquid includes a metal com-
pound which lowers the energy required for said break-
down.

[0014] All previous-mentioned patents only disclose
use of laser sources that may be usually voluminous,
inaccurate, inefficient and/or requiring frequent mainte-
nance.

[0015] Due to the disadvantages and lack of versatility
of current plasma formation techniques, a need exists
for a device that provides a fast and safe alternative to
address their shortcomings.

Objectives and Brief Summary of the Invention

[0016] Itis an objective of the present invention to pro-
vide a device to generate plasma and vapors for medical
applications by means of laser diodes using power levels
and power densities sufficient to treat various medical
indications and avoid creating extensive damage zones.
[0017] It is also an objective of the present invention
to provide a device which utilizes advantageous features
of diode laser to generate plasmaand vapors for medical
applications, leading to more efficient and safer treat-
ments.

[0018] It is another objective of the present invention
to provide a system to generate plasma and vapors for
medical applications by means of laser diodes which en-
hances versatility of treatments that can be carried out.
[0019] Briefly stated, the presentinvention provides an
improved device for safe and efficient medical applica-
tions. In a preferred embodiment, based on using the
inherent benefits of laser diodes (such as efficient power
generation from a reliable and compact solid state de-
vice), plasmas and high energy vapors are produced for
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medical applications with power levels and power den-
sities sufficient to treat medical indications and avoid the
creation of extensive damage zones. Transmissions
means in different configurations are used to achieve a
high power density, which is able to initiate plasma and
high-energy vapor at the tip. Once a sparkless plasma
and high energy vapor bubbles are formed, it is often
found thatit will also absorb other wavelengths in addition
tothe one thatinitiated it. As a consequence, other wave-
lengths more efficiently generated by diodes or diode
pumped lasers may be added into the beam in order to
improve treatment efficiency. For example, the 1470 nm
wavelength can be used to produces sparkler-less plas-
ma bubbles, together with the 980nm wavelength to pro-
duce tissue vaporization and an excellent haemostasis
effect. Once plasma and or high-energy vapors are in
place, radiation from this zone determine tissue effects.
[0020] The above, and other objects, features and ad-
vantages of the present invention will become apparent
from the following description read in conjunction with
the accompanying drawings.

Brief Description of Figures
[0021]

FIGS. 1a and 1b depict a preferred embodiment of
the present invention in which a plasma bubble is
produced due to laser radiation.

FIG. 2 shows a diagram representing the combined
effects obtained on tissues by means of dual wave-
length laser radiation.

FIG. 3 depicts furrow production on soft tissue by
means of laser radiation delivered through a conical
tip optical fiber.

Detailed Description of Preferred Embodiments

[0022] Diode lasers have been used in medicine
thanks to the favorable laser tissue interaction of the re-
spective wavelength providing absorption and coagula-
tion as well as vaporization. For equal output power, di-
ode lasers are smaller, lighter, air cooled, with high reli-
ability and without alignment and maintenance require-
ments, especially compared to non-solid state lasers or
frequency-doubled solid state lasers.

[0023] Some of the before-mentioned techniques lim-
itations and problems can be overcome by using the in-
herent benefits of laser diodes (such as efficient power
generation from a reliable and compact solid state de-
vice) in order to generate sparkless plasma and vapors
for medical applications with power levels and power
densities sufficient to treat medical indications and avoid
the creation of extensive damage zones.

[0024] As mentioned previously, high power densities
are required to initiate plasma/vapor formation and/or a
high absorption on the target. However it is possible to
use focusing means to initiate plasma/vapor formation
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as well: an example is the use of a conical fiber tip in an
aqueous environment initially submerged; the radiation
exits from the front end into the water.

[0025] When highly absorbed continuous wave radia-
tion is applied to an aqueous material, water molecules
are highly and rapidly heated. This immediate and ex-
tremely high heating causes a ionization with rapid ex-
pansion, producing a sparkless plasma bubble, which
collapses a few millimeters away and after few millisec-
onds, producing a crackling noise. Successively, after
few milliseconds, the process repeats and a crackling
noise can be heard, which is produced by the bubbles’
growth and collapse. These bubbles reach an interior
temperature of over a thousand degrees. As a conse-
quence, they have a considerable thermo-ablative effect
and release their thermal energy in the surrounding wa-
ter. So the hemostatic effect of highly absorbed radiation
lasers in tissue treatments is not related to direct laser
interaction with the tissue itself. Instead, it occurs due to
the thermo spray effect of vapor and hot water generated
around plasma bubbles, which releases thermal energy
in the water. This is paradigm switch.

[0026] FIGS.1aand1bdepicta preferred embodiment
of the present invention in which optical fiber 102 com-
prising core 104 and clad 106, emits laser energy to liquid
108 in order to produce plasma formation. Bubble 110
will be formed provided the wavelength and power are
adequately chosen inorder to create sufficient absorption
in the environment. For instance, as 1470+60 nm wave-
length is highly absorbed in water, it is appropriate for
this purpose when power density is sufficient. Optical fib-
er 102 tip is preferably conically shaped in order to
achieve a greater tissue ablation. The high power density
achieved is capable of initiating plasma and high-energy
vapor at the tip. It is often found that once formed it will
also absorb other wavelengths in addition to the one that
initiated it. As a consequence, other wavelengths more
efficiently generated by diodes or diode pumped lasers
(for instance, 980+60 nm) may be added into the beam
in order to improve treatment efficiency. Once plasma
and or high-energy vapors are in place radiation from this
zone will determine the tissue effects. Since the medium
has a very high absorption coefficient of the radiation it
can be the mediator of interactions between radiation
and tissue. Often, the maximum radiation wavelength
emitted by plasma will tend to be in the visible range of
the spectrum and due to tissue scattering, higher absorp-
tion in the tissue will be observed, compared to conven-
tional infrared diode lasers.

[0027] Furthermore, coagulation is generally depend-
ent on the thermo spray of the very hot medium spray,
which is produced by the ’plasma’ bubbles. It also can
be achieved in the tissue due to sufficient penetration of
certain parts of the spectrum emitted by the plasma and
certain parts of the original laser radiation being trans-
mitted to the tissue as well as the interaction of the high-
energy vapors with tissue.

[0028] According to afore-mentioned explanation, this
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invention accomplishes substantial versatility regarding
tothe variety of medical treatments that can be performed
by its means.

[0029] As a preferred embodiment, the invention is
practiced in tissue containing sufficient quantities of wa-
ter in or in an aqueous environment provided by saline
solution or other biocompatible liquids.

[0030] The present invention is further illustrated by
the following example, but is not limited thereby.

Example:

Multi wavelength laser tissue resection and removal

[0031] A multi-diode laser source is able to deliver one
or more simultaneous wavelengths in the same optical
fiber, for instance 980nm together with 1470nm. At
1470nm there is high absorption in water, thus leading
to formation of high energy bubbles at fiber tip (cavitation
and/or sparkless plasma effect). This effect is able to
produce fast ablation of soft tissue. At 980nm there is
lower absorption in water, but high absorption in blood,
thus good hemostatic effect can be achieved. With the
multi-diode laser used in BPH treatment, fast ablation on
prostatic tissue with a good hemostatic effect can be ac-
complished. FIG. 2 depicts the effects of combining these
two wavelengths for tissue treatment.

[0032] The usage of side firing fibers allows for the ab-
lation of prostatic tissue, combined with high depth of
hemostasis, during the BPH laser treatment. By using
the multi-diode laser with a conical tip fiber, fast ablation
of a greater part of prostatic tissue with good hemostasis
is accomplished, during BPH laser treatment. Following
in vitro and clinical studies, we verified that the 1470nm
diode laser presents an excellent performance regarding
effects produced.

[0033] Effects produced by the optical fiber immersed
in water, and connected to a 1470nm diode laser source,
were verified to have plasma formation thresholds that
are very close to those needed for producing similar ef-
fects with a 1940nm diode laser. Furthermore, 1470nm
diode laser produces similar effects in water as thulium
laser, and therefore in biological matter. However, diode
lasers have many advantages when comparing to ionic
crystal lasers such as thulium. For instance, 1470nm di-
ode laser has an efficiency of 23% whereas thulium la-
ser’s efficiency is 6%. In addition, for equal output power,
diode lasers are smaller, lighter, air cooled, more reliable
and with less alignment and maintenance requirements.
[0034] When using a diode laser emitting at 1470nm
in continuous mode, fiber tip immersed in water creates
high energy bubbles, which were observed, after inves-
tigation, to be asparkless plasmabubbles. These plasma
bubbles present occasional sparks (always present
when using Ho:YAG lasers with a pulse duration shorter
than 300p.sec), so we call them "sparkler-less" or "spar-
kless" plasma bubbles. The 1470nm radiation impinged
water molecules in contact with fiber tip, leading to fast
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heating, with cavitation bubble formation, and thermo
spray of boiling hot water. All electromagnetic energy is
converted into thermal energy due to the high absorption.
Thus, an optical path of 1mm of water absorbs almost
100% of radiation.

[0035] This fast heat-up produces a rapidly growing
amount of boiling hot water and creates a sparkler-less
plasmabubble and consequently shockwave production.
After a few milliseconds, the process occurs again with
an associated crepitating noise. The sparkler-less plas-
ma bubbles produce similar effects as sparkling plasma
bubbles, with shockwave noise but with lower energy.
These bubbles are highly destructive due to thermo ab-
lative effects, and their associated thermal energy affects
surrounding water within a radius of few millimeters. Con-
sequently, 1470nm diode laser also contributes to hemo-
static effect, which is not produced by direct interaction
of radiation with biological tissue, but is mediated by wa-
ter. Hemostatic effect is produced by a thermo spray of
boiling hot water, created on the fiber tip from the cavi-
tation bubble which, when released, delivers thermal en-
ergy to the surrounding water.

[0036] Considering the previous paragraphs, plasma
bubbles were created, using continuous wave sources,
a thermo-ablation effect with high energy was achieved.
This is an especially novel conception when compared
to prior art, which discloses generally only pulsed laser
sources.

[0037] Due to the high efficacy of 1470nm diode laser,
a new high power diode laser with a double band of emis-
sion was conceived and developed, (the COMBO laser)
which combines the thermo-ablative properties of the
1470nm radiation with the hemostatic properties of radi-
ation at 980nm.

[0038] Therefore, a high power diode laser for BPH
treatment was developed, using 1470nm radiation for a
fast ablation of tissue, and 980nm radiation in order to
have good penetration on tissue and obtain a controlled
and efficient hemostatic effect, without the need of paying
special attention to optical fiber's movement speed. The
device was also designed with the possibility to select a
single wavelength for performing specific surgical appli-
cations.

[0039] In order to obtain fast ablation combined with
good hemostatic effects, power emitted is referred to as
the sum of the powers emitted at both wavelengths, re-
spectively 980nm and 1470 nm. For example, when us-
ing total laser power of 100W; 70W comes from the
980nm source and 30W comes from the 1470nm source.
[0040] Clinical trials and vitro tests with histological re-
sults using a prototype of present invention (the COMBO
laser) have proven the efficacy of combining two wave-
lengths for achieving effective sparkler-less plasma for-
mation for desired tissue effects, particularly 1470+60
nmand 98060 nmdiode lasers. Additionally a 194060
nm diode laser, which is even more highly absorbed by
water can be used appropriately in combination with ei-
ther previous wavelength. When the 1470 nm wave-
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length is delivered by a thin optical fiber immersed in
water, it produces sparkler-less plasma bubbles with
threshold levels as low as 2w of emitted power in 600
um fiber. The plasma produced by 1470nm is capable of
producing a fast ablation of soft tissue with thin coagu-
lation as well as rupture of hard tissue. The 980nm wave-
length has excellent absorption in blood and less absorp-
tion in water. It can produce tissue vaporization associ-
ated with a haemostatic effect with a clear whitening.
Penetration on tissue is about 2-3 mm. With the COMBO
laser, the 1470nm wavelength produces a plasma bubble
on the fiber tip immersed in water. When a simultaneous
emission of 980nm wavelength in the same fiber, arrives
into the plasma bubble, itis absorbed ataround 70% and
the residual 30% exits plasma bubble. Consequently,
70% of the 980nm energy is converted into plasma, and
70% of this wavelength works as a pump for the plasma
bubble produced by the 1470nm wavelength. The resid-
ual 30%, of the 980nm, reaches the tissue and can pro-
duce further homeostasis. Exemplifying this further, with
the COMBO laser emitting at a power of 100W, 75 W
were measured at 980 nm and 29 W were measured at
1470 nm. When 100 W were delivered with the fiber im-
mersed inwater, plasmabubbles were generated onfiber
tip, and measurements were 16 W at 980 nm residual
outofthe plasma bubble. The power supply of the plasma
bubbles is 70% of 980nm = 60W and 28W at 1470nm.
Consequently, the plasma bubble is pumped by the two
radiations (980+1470nm), and the residual radiation at
980nm, can work overlapping the plasma bubble to im-
prove the haemostasis effect. Similarly combinations of
(980+1940nm), or (1470+1940nm) will also be effective.
[0041] Thus, clinical and in vitro tests show that with
low power of 1470nm wavelength, a plasma bubble can
be generated, and with the 980nm wavelength, which
has a lower cost and higher efficiency, amplification and
growth of this plasma bubble can be achieved.

[0042] Additionaltests have shown that with the COM-
BO laser, using 1000 um conical fibers and a power of
120W, measurements were 35W at 1470nm and 93W at
980nm.

[0043] After in vitro tests, the excellent efficacy of the
double band diode laser is evident, and leads to faster
treatments in BPH procedures. The possibility of using
an optical fiber capable of emitting radiation on a larger
tissue surface was conceived, in order to obtain more
tissue ablation in each sweep. As a consequence, usage
of conical fibers with a 1000um core diameter was pro-
posed, in order to irradiate larger surfaces on prostatic
tissue. So, by using conical fibers instead of side firing
fibers allowed using the fast thermo-ablative effects of
1470nm radiations. After each sweep a large and clean
furrow was obtained, without bleeding. Furrow obtained
was larger than that produced by side firing fibers, which
however produces a deeper coagulation effect. With con-
ical fibers, ablation efficacy was combined with a good
hemostasis effect, allowing for a complete BPH treatment
faster than other similar laser procedures, and faster
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even than the traditional TURP treatment. In FIG. 3, con-
ical fiber induced furrow can be observed.

[0044] In another preferred embodiment asymmetric
off-axis emitting fibers may be employed, such as twister
fibers disclosed in U.S. Patent Application 61/245,484
by Neuberger. These fibers allow for better twistability
and maneuvering possibilities.

[0045] For BPH treatment of prostate with dimension
of 50gr, when using power setting of 100W and 110W,
total treatment time for the ablation of prostatic adenoma
was 18-20 min. It must be considered that the same pros-
tate dimension can be treated with TURP modalities in
25-30minutes, 20% slower than the treatment with dou-
ble band diode laser.

[0046] Patients in post treatment referred no pain or
any other inconvenient. No bleeding was observed and
the catheter was removed in the same day.

[0047] Havingdescribed preferredembodiments ofthe
invention with reference to the accompanying drawings,
it is to be understood that the invention is not limited to
the precise embodiments, and that various changes and
modifications may be effected therein by skilled in the art
without departing from the scope of the invention as de-
fined in the appended claims.

Claims

1. A medical laser device for enhanced medical treat-
ment comprising:

at least one laser light source;

means to enter a patient body; and

a transmission medium, having a distal end and
a proximal end, wherein said proximal end is in
optical contact with said at least one laser light
source, and said distal end is near a treatment
site;

wherein, said atleastone laser light source, said
transmission medium and said preselected
wavelength are selected so that laser light power
density and said preselected wavelength are
sufficient to form a plasma and/or high energy
vapor bubble region at said distal end of said
transmission medium in close proximity to a tis-
sue treatment site; said plasma and/or high en-
ergy vapor bubble region delivering thermal en-
ergy to a surrounding medium, causing thermo-
ablation

characterized in that

said at least one laser light source is adapted to emit
in substantially continuous mode, a laser light having
atleastone preselected wavelength thatis absorbed
at said treatment site or its vicinity.

2. The medical laser device according to claim 1,
wherein said means to enter a patient body are
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means for entering through a urinary tract.

3. The medical laser device according to claim 1 or 2,
wherein said transmission medium is at least one
optical fiber.

4. The medical laser device according to any of claims
1to 3,
wherein said laser light source is a diode laser adapt-
ed to operate at wavelengths of either 980 = 60 nm,
1470 = 60 nm, or 1940 = 60 nm.

5. The medical laser device according to any of claims
1to 3,
wherein said laser light source is a thulium laser.

6. The medical laser device according to claims 3 and
4 or claims 3 and 5,
wherein said at least one optical fiber has a double
core structure, wherein one laser wavelength travels
in an inner core and a second wavelength is trans-
mitted in an outer core.

7. Themedicallaserdevice accordingto claims4and 6,
wherein at least two of the preferred wavelengths
are employed in combination: 980 nm and 1470 nm;
980 nm and 1940 nm or 1470 nm and 1240 nm.

8. The medicallaserdeviceaccordingto claims 3and®6,
wherein one laser source is a fiber laser and a sec-
ond laser source is a pump laser for said fiber laser,
and wherein beams from both lasers are transmitted
by at least one optical fiber.

9. The medical laser device according to claim 8,
wherein said fiber laser emits at 1550 = 60 nm, and
said pump laser is adapted to emit at either 915 -
980 nm or at 1470 = 60 nm.

10. The medical laser device according to any of claims
3to9,
wherein said at least one optical fiber is a Twister
fiber.

11. The medical laser device according to any of claims
3to9,
wherein said at least one optical fiber is a conical
fiber.

12. The medical laser device according to claim 11,
wherein said conical fiber has a core diameter of
1000 pm.

Patentanspriiche

1. Medizinisches Lasergerat fur die verbesserte medi-
zinische Behandlung mit:
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wenigstens einer Laserlichtquelle;

Mitteln zum Eindringen in einen Patientenkor-
per; und

einem Ubertragungsmedium mit einem distalen
Ende und einem proximalen Ende, bei dem das
proximale Ende in optischem Kontakt mit der
wenigstens einen Laserlichtquelle ist und sich
das distale Ende in der Nahe einer Behand-
lungsstelle befindet;

wobei die wenigstens eine Laserlichtquelle, das
Transmissionsmedium und die vorgewahlte
Wellenlange so ausgewahlt sind, dass die Leis-
tungsdichte des Laserlichts und die vorgewahlte
Wellenlange genigen, um einen Plasmabe-
reich und/oder einen Bereich hochenergeti-
scher Dampfblasen am distalen Ende des
Transmissionsmediums in unmittelbarer Nahe
zur Behandlungsstelle des Gewebes zu bilden;
wobei der Plasmabereich und/oder der Bereich
hochenergetischer Dampfblasen thermische
Energie einem umgebenden Medium zufihrt
und thermische Abtragung hervorruft, dadurch
gekennzeichnet, dass:

die wenigstens eine Laserlichtquelle dazu
eingerichtet ist, in einem im Wesentlichen
kontinuierlichen Modus Laserlicht mit we-
nigstens einer vorgewahlten Wellenlange
zu emittieren, das anderBehandlungsstelle
oder in deren Nahe absorbiert ist.

Medizinisches Lasergerat nach Anspruch 1,

bei dem die Mittel zum Eindringen in den Patienten-
korper Mittel zum Eindringen durch einen Harnweg
sind.

Medizinisches Lasergerat nach Anspruch 1 oder 2,
bei dem das Ubertragungsmedium wenigstens eine
optische Faser ist.

Medizinisches Lasergerat nach einem der Anspri-
che 1 bis 3,

beidem die Laserlichtquelle ein Diodenlaser ist, der
zum Betrieb bei entweder der Wellenlange 980+60
nm, 147060 nm oder 194060 nm eingerichtet ist.

Medizinisches Lasergerat nach einem der Anspri-
che 1 bis 3,
bei dem die Laserlichtquelle ein Thuliumlaser ist.

Medizinisches Lasergerat nach Anspruch 3 und 4
oder Anspruch 3 und 5,

bei dem wenigstens eine optische Faser eine dop-
pelte Kernstruktur aufweist, wobei eine Laserwellen-
lange in einem inneren Kern lauft und eine zweite
Wellenlangen in einem auleren Kern Ubertragen ist
(wird).
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Medizinisches Lasergerat nach Anspruch 4 und 6,
bei dem wenigstens zwei der bevorzugten Wellen-
langen in Kombination angewendet sind:

980 nmund 1470 nm; 980 nm und 1940 nm oder
1470 nm und 1940 nm.

Medizinisches Lasergerat nach Anspruch 3 und 6,
beidem eine Laserquelle ein Faserlaser ist und eine
zweite Laserquelle ein Pumplaser firden Faserlaser
ist, und wobei Strahlen von beiden Lasern durch we-
nigstens eine optische Faser Ubertragen sind.

Medizinisches Lasergerat nach Anspruch 8,

bei dem der Faserlaser bei 155060 nm emittiert
und der Pumplaser dazu eingerichtet ist, bei entwe-
der 915 bis 980 nm oder bei 1470+60 nm zu emit-
tieren.

Medizinisches Lasergerat nach einem der Anspri-
che 3 bis 9,

bei dem wenigstens eine der optischen Fasern eine
verdrehte Faser ist.

Medizinisches Lasergerat nach einem der Anspri-
che 3 bis 9,

bei dem wenigstens eine optische Faser eine koni-
sche Faser ist.

Medizinisches Lasergerat nach Anspruch 11,
beidem die konische Faser einen Kerndurchmesser
von 1000 wm hat.

Revendications

1.

Un dispositif laser médical destiné a un traitement
médical amélioré comprenant:

au moins une source de lumiére laser,

un moyen de pénétration dans un corps de pa-
tient, et

un support de transmission possédant une ex-
trémité distale et une extrémité proximale, ladite
extrémité proximale étant en contact optique
avecladite au moins une source de lumiére laser
et ladite extrémité distale étant prés d’un site de
traitement,

dans lequel ladite au moins une source de lu-
miére laser, ledit support de transmission et la-
dite longueur d’onde présélectionnée sont sé-
lectionnés de sorte que la densité de puissance
de lalumiére laser et ladite longueur d’onde pré-
sélectionnée soient suffisantes pour former une
zone aplasma et/ou une zone a bulles de vapeur
haute énergie au niveau de ladite extrémité dis-
tale dudit support de transmission a proximité
étroite d’un site de traitement de tissu, ladite zo-
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ne a plasma et/ou zone a bulles de vapeur haute
énergie fournissant une énergie thermique a un
milieu environnant entrainant une thermo-abla-
tion, caractérisé en ce que :

ladite au moins une source de lumiére laser
estadaptée de fagon a émettre dans un mo-
de sensiblement continu une lumiére laser
possédant au moins une longueur d’onde
présélectionnée qui estabsorbée au niveau
dudit site de traitement ou de son voisinage.

Le dispositif laser médical selon la Revendication 1,
dans lequel ledit moyen de pénétration dans un
corps de patient est un moyen de pénétration au
travers d’un tractus urinaire.

Le dispositif laser médical selon Revendication 1 ou
2,

dans lequel ledit support de transmission est au
moins une fibre optique.

Le dispositif laser médical selon 'une quelconque
des Revendications 1 a 3,

dans lequel ladite source de lumiére laser est un
laser a diode adapté de fagon a fonctionner a des
longueurs d’onde de soit 980 = 60 nm, 1470 = 60
nm ou 1940 = 60 nm.

Le dispositif laser médical selon 'une quelconque
des Revendications 1 a 3,

dans lequel ladite source de lumiére laser est un
laser au thulium

Le dispositif laser médical selon les Revendications
3 et 4 ou les Revendications 3 et 5,

dans lequel ladite au moins une fibre optique pos-
séde une structure a double coeur, dans lequel une
longueur d’onde de laser circule dans un coeur in-
térieur et une deuxiéme longueur d’onde est trans-
mise dans un coeur extérieur.

Le dispositif laser médical selon les Revendications
4 et 6,

dans lequel au moins deux des longueurs d’onde
préférées sont employées en combinaison : 980 mn
et 1470 nm, 980 nm et 1940 mnou 1470 mn et 1940
nm.

Le dispositif laser médical selon les Revendications
3et6,

dans lequel une source laser est un laser a fibre et
une deuxiéme source laser est un laser a pompe
pour ledit laser a fibre, et dans lequel des faisceaux
provenant des deux lasers sont transmis par au
moins une fibre optique.

Le dispositif laser médical selon la Revendication 8,
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dans lequel ledit laser a fibre émet a 1550 = 60 nm
et ledit laser a pompe a soit 915 a 980 nmou a 1470
* 60 nm.

Le dispositif laser médical selon 'une quelconque
des Revendications 34 9,

dans lequel ladite au moins une fibre optique est une
fibre torsadée.

Le dispositif laser médical selon 'une quelconque
des Revendications 3 4 9,

dans lequel ladite au moins une fibre optique est une
fibre conique.

Le dispositif laser médical selonla Revendication 11,
danslequel ladite fibre conique posséde undiamétre
de coeur de 1000 pm.
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Fig 1a
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Fig. 1c
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Plasma bubble of
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Fig. 1d
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