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Description

The invention relates to a system for surgical treatment, in particular
endovenous laser treatment, in accordance with the preamble of claim 1. A

system of this type is known for example from DE 10 2008 044 977 A1l.

The known system comprises a multifunctional laser device having a laser
diode capable of emitting a laser light at a wavelength of 1920 nm. An optical
fiber is employed to apply the laser light, whereby application is particularly

iIntended for the fields of urology, gastroenterology and otolaryngology.

DE 20 2005 022 114 U1 describes a system for surgical treatment which
comprises a light-emitting device having an excitation light source and a wave-
length conversion member as well as a catheter or endoscope respectively able
to be connected to the light-emitting device. The endoscope comprises an
optical waveguide optically coupled to the light-emitting device in order to
guide light through the catheter to the treatment site. The light source can
have a laser diode element with a nitride semiconductor which emits light in a
wavelength range between 350 nm and 500 nm, preferably between 420 nm
and 490 nm. Such wavelengths are suitable for illuminating the treatment site
yet effect no direct treatment of tissue. For surgical treatment purposes with
the known device, a separate instrument is instead guided via the catheter or

endoscope respectively to the site of treatment.

A system for the surgical treatment of tissue using laser light is known from
US 2009/0248004 A1. The system comprises a laser device and a handpiece
which Is connectable to the laser device via an optical waveguide. The
handpiece can be directed toward an area of tissue such that laser light
generated within the laser device can be used to coagulate tissue. The known
device makes use of either nitride semiconductor-based LEDs or laser diodes
as the laser light source. A wavelength range of 600 nm to 1500 nm is
proposed for the treatment of veins. Disadvantageous with the known device Is
using a wavelength shorter than 1800 nm, which requires a high power density
from the laser light source. The emitted laser light thereby penetrates deeper
Into the tissue structures and can thus undesirably damage the underlying
tissue structures. In addition, due to the higher power density requirement of
the known device, the overall size of the laser apparatus is also increased,
which necessitates stationary treatment. At the same time, the treatment

Involves an invasive procedure as there needs to be direct access to the veins.
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WO 2014/126558 A1 and EP 1410766 A1 discloses a medical laser system
having a laser device and a fiber optic, whereby RFID technology iIs used to
ensure that certain parameters of the device are only activated upon
connection of a suitable fiber optic. However, this does not address the
problem of the fiber optic being used multiple times on different devices
which, particularly in minimally invasive surgical procedures, can lead to the

fransmission of pathogens and serious conseguences for patients.

The task of the invention consists of indicating a system for surgical treatment
which Is compactly constructed, easy to handle and able to be economically

produced as well as safe for patient use.

The invention solves this task by the subject matter of claim 1.

The invention inasmuch proposes a system for surgical treatment, In particular
endovenous laser treatment, which comprises a laser device and an application
module. The laser device comprises a laser light source having at least one
first laser diode element. The application module is optically connectable or
connected to the laser light source. The invention in particular provides for the
laser diode element to comprise at least one semiconductor layer of an
antimonide compound and iIs thus configured such that laser light can be
generated at a first wave-length between 1800 nm and 2000 nm, particularly
at a wavelength of 1940 nm. The laser device can be regulated such that
continuous or pulsed laser light Is or can be generated at the aforementioned

wavelengths.

By making use of a semiconductor layer from an antimonide compound, the
iInvention provides a semiconductor diode laser which directly emits laser light
in a wavelength range of between 1800 nm and 2000 nm with a high
electrical-optical efficiency. A complex pumping mechanism, as for example
known from Thulium YAG lasers, can thus be dispensed with. That leads to
the laser device of the inventive system being able to be of particularly

compact structure.

According to the invention, it Is provided for the laser device to be used In
conjunction with an application module designed as a catheter. The use of a

catheter enables minimally invasive surgical treatment. For example,
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endovenous therapies can thus be performed easily and less unpleasantly for
the patient. Generally speaking, setting a wavelength between 1800 nm and
2000 nm has proven particularly advantageous for laser light treatment by
means of any application module. A high surgically therapeutic benefit can be

achieved at these wavelengths with low power densities.

The wavelength selected with the invention has in this respect multiple advan-
tages. On the one hand, good treatment of different kinds of tissue of the
human body is thereby achieved since the proposed wavelength is well
absorbable due to the high water content of the tissue. At the same time, the
proposed wavelength achieves enabling largely loss-free light transmission by
means of economical glass fiber optics. As a result, lower power is thus
required from the laser light source in order to provide the same therapeutic
benefit compared to other wavelengths as used to date in the prior art.
Particularly compared to the wavelengths proposed with the system according
to US 2009/0248004 A1 as cited at the outset, the laser light output which the

present invention requires for the same therapeutic success Is at least halved.

The proposed wavelength additionally has advantages in terms of treating
tissue since the penetration depth of the laser light is limited by the laser
light's higher absorption rate in the tissue. The unintentional damaging of
deeper layers of tissue which are usually not visible to the user can thus be
efficiently prevented. The inventive system Is insofar particularly suited to
treating thin layers of tissue, for example treating venous walls which
generally have a thin wall thickness. As a result, the surgical treatment is thus
very gentle on the patient such that the healing process as a whole Is

accelerated. This is also accompanied by improved laser treatment precision.

Using lower laser light outputs to achieve the desired surgical effect also
results Iin the particular advantage of the laser device of the Iinventive system
being able to be of particularly compact design. Since the laser light source
has a low power consumption requirement, air can be used to provide for the
cooling of the laser light source. In the context of the invention, It I1s insofar
preferentially provided for the laser device to comprise an air-cooled laser light
source. A complex coolant circuit, which generally requires a large amount of
space, Is thereby eliminated. All told, the external dimensions of the laser
device can thus be reduced, which enables mobile applications of the laser

device.
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The preferential variant of the invention provides for the semiconductor layer
of the laser diode element to comprise a gallium antimonide compound or
consists of a gallium antimonide compound. It has been shown that such a
semiconductor layer, in particular a gallium antimonide semiconductor layer,
can be used particularly efficiently in order to directly generate laser light of
sufficient power density in order to be used for surgical treatment. It Is
thereby In particular provided for the laser light source to comprise direct
emitting single emitter laser diodes. In particular, a plurality of laser diode
elements interconnected Iinto an array can be provided. In order to achieve the
highest power density possible, the collimated beams of the single emitter
laser diodes can be densely packed, particularly in a hexagonal lens structure.
Said hexagonal arrangement represents the greatest packing density for
achieving a quasi-rotationally symmetric sum beam shape which is in turn
advantageous for maximum coupling efficiency in round application fibers
(catheters). The possible use of single emitter laser diodes, for example in the
form of broad area laser diodes, effects an improvement in beam quality

compared to bar laser diodes.

Generally speaking, a plurality of first laser diode elements which generate
laser light at a first wavelength of between 1800 nm and 2200 nm can be
provided. It can additionally be provided for the laser light source to comprise
at least one second laser diode element which emits laser light at a second
wavelength. Multiple second or further (third, fourth, etc.) laser diode
elements can also be provided. The second wavelength can be different from

the first wavelength.

The at least one second laser diode element Is preferably designed as a single
emitter laser diode or as a broad area laser diode and can be a component of
the same laser diode module comprising the at least one first laser diode
element. It Is also possible for the second laser diode element to be optically

coupled to the laser diode module comprising the first laser diode element.

Combining multiple laser diode elements emitting different wavelengths has

the advantage of increasing the inventive system’s possible applications. Thus,
different applications can be realized with the same laser device. For example,
tissue coagulation can be achieved at a first wavelength whereas laser light of

a second wavelength is used for cutting tissue (dissection) and/or for
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coagulation and/or ablation of tissue and/or for illuminating the object of the
freatment. Other possible application combinations are possible given the

appropriate selection of laser diode elements of different wavelength.

The invention provides for the application module to comprise an optical
waveguide. The optical waveguide Is flexible. The application module In
particular forms a flexurally flexible catheter encompassing the optical

waveguide.

It Is preferably provided for the laser device and/or the application module to
comprise a coupling optic, in particular at least one lens, for coupling the laser
light produced by the laser light source into the optical waveguide. Noted In
particular is that it is explicitly provided in the context of the invention for the
laser light source to comprise a plurality of laser diode elements of different
wavelength. It can insofar be provided for all the laser diode elements to be
connected to the coupling optic such that laser light of different wavelength
can be coupled into the same optical waveguide of the application module.
Laser light of different wavelength can in this way be guided to the treatment
site via the optical waveguide of the application module. This substantially
increases the flexibility of the system since different forms of treatment can be
realized without changing the application module, in particular without a

catheter change.

Specifically, a hybrid laser light application of different wavelength is possible,
for example to enable a larger-volume coagulation on the one hand and, by
simply switching the corresponding laser diode elements, a minimally intrusive
dissection on the other hand. The invention insofar preferentially provides for
the first laser diode element and the second laser diode element to be
arranged such that the laser light emitted by the first and the second laser
diode element can be alternatingly and/or simultaneously coupled into the,

particularly the same, optical waveguide, in particular via the coupling optic.

Integrating the coupling optic into the laser device is particularly
advantageous. Doing so thus reduces the complexity of the application
modules able to be combined with the laser device. The application modules,
preferably catheters, which are often designed as disposable products, can In

this way be economically produced.
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The laser diode elements can be connected together in electrical series
connection. This applies on the one hand to the plurality of first laser diode
elements which can be coupled together in series. On the other hand, the
plurality of second laser diode elements can also be electrically connected
together in series. The electrical interconnecting of the laser diode elements In
series reduces the total electrical currents within the laser device. Smaller
cable diameters can thus be used which on the one hand saves space and on

the other hand enables improved air cooling within the laser device.

The laser device Iin the inventive system comprises a controlling means
connected to the laser light source. The controlling means can be configured
such that a pulsed and/or continuous laser light emission can be regulated.
Preferably, the controlling means exclusively controls the laser light source
electronically. This has the advantage of being able to set any modes of
control. In particular, the controlling means can realize different electrical
pulse wave modulations. In the case of pulsed excitation, the peak optical
output power of the laser diode elements can be superelevated to a significant
degree In relation to the nominal continuous power output depending on the
duty cycle, typically by a factor of 2 to 4. The laser device can thus also be

subsequently adapted to future treatment models.

The inventive system additionally preferentially provides for the laser light
source to be operable at an electrical operating DC voltage of no more than 50
volts. Using directly emitting single emitter laser diode elements achieves an
overall high energy efficiency. Supplying a relative low DC voltage of 50 volts
to the laser light source suffices in this regard. This has significant advantages
particularly with regard to medical device standards. On the one hand, the low
operating voltage reduces electrical hazard of the medical device. |n particular,
minimal stray currents are to be expected at low voltages such that operating

personnel safety is considerably increased.

The low operating DC voltages as required for the operation of the laser light
source also enable mobile operation of the laser device. |t is Iin this regard
particularly preferentially provided for the laser device to comprise a voltage
supply, in particular an accumulator, which provides the operating DC voltage
of no more than 50 volts. Low operating DC voltages can be readily provided
by compact direct current voltage sources, for examples batteries or an

accumulator. A compact and portable laser device can inasmuch be realized. In
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this variant, the system according to the invention is thus particularly suitable

for mobile use.

The invention further preferentially provides for the laser device to comprise a
gas-tight and/or liquid-tight housing, whereby at least the laser light source is
arranged in the housing. It can specifically be provided for at least the laser
light source, and where appropriate also further components of the laser
device, to be hermetically sealed. The gas/liquid-tight housing serves that
purpose. Doing so enables the laser device to also be operated in damp and/or
dusty environments. Further fields of application inasmuch arise in conjunction
with the high mobility provided by the compact laser device. |n order to
achieve the overall gas-tightness and/or liquid-tightness of the housing or the
laser device respectively, it can be additionally provided for a protective glass
guard to be provided on a module connection of the laser device. The
protective glass guard tightly covers the connection to the application module,
which enables light transmission from the laser device to the application
module, In particular the optical waveguide of the catheter. The protective
glass guard Is preferably arranged and/or fixed to the module connection of
the laser device so as to be replaceable without opening the housing of the

laser device.

With respect to the application module, in particular the optical waveguide
disposed within the application module, it is intended for a coupling with the
laser device to only be possible when the optical waveguide is suitable for the
emitted wavelength of the laser light source. |n order to enable a
corresponding identification of the optical waveguide of the application
module, the invention provides for the application module, in particular the
optical waveguide, to comprise an RFID chip having a parameter and/or
release coding. The RFID chip is preferably arranged at a proximal end of the

application module, In particular the optical waveguide.

The controlling means of the laser device comprises an RFID transmitter and
receiver unit for reading from and/or writing to the RFID chip. The controlling
means Is thereby configured such that a parameter presetting and/or an
activation of the laser light source ensues in response to the RFID receiver unit
detecting a predetermined parameter/release coding. In other words, suitable
laser device operating modes for the application module are only enabled when

an application module is connected to the module connection of the laser
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device, whereby the RFID chip of the application module has a corresponding
coding which the controlling means's RFID transmitter and receiver unit
recognizes as parameter and/or release coding. Operating errors are in this

way prevented.

In addition, the laser parameters utilized, In particular the total laser energy
applied or the number of times the respective application module was used,
can be written back to the RFID chip during treatment. It is specifically
provided for the controlling means to generate a timestamp which is stored on
the RFID chip and documents the first use of the application module. Doing so
enables disposable application modules to be rendered invalid or respectively

unusable after use.

As already described In detall, the laser device Iin the system according to the
invention is characterized by a particularly compact design based particularly
on the use of a laser light source having directly emitting antimonide
semiconductor layer laser diode elements. It is insofar preferential for the laser
device to exhibit a volume not exceeding 10 dm?®, in particular no more than
9.5 dm?®. It can be specifically provided for the laser device to exhibit a height
not exceeding 150 mm, a width not exceeding 250 mm and/or a depth not
exceeding 250 mm. The laser device is preferably configured in such a way
that the mass of the laser device amounts at most to 10 kg, preferably at most
8 kg. The small external dimensions and low weight of the laser device
contribute significantly to the laser device's properties which enable mobile use

of the system as a whole.

The inventive system can additionally provide for the laser device to comprise
an auxiliary laser light source and a photosensor. The auxiliary laser light
source and the photosensor can be coupled to the controlling means such that
a laser light intensity of the laser light source can be adjusted as a function of
a specific fluorescent light signature of the tissue to be treated. The aim of
this laser device design is the influencing of the laser light intensity of the
laser light source by means of a control, wherein the fluorescent light

signature of the tissue to be treated Is taken as the control input variable.

It was recognized that optical tissue properties such as fluorescence and
reflection change during surgical treatment of the tissue, particularly during

coagulation. There is thus a direct correlation between the tissue’'s fluorescent
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light signature and degree of coagulation. In this preferential variant, the
iInvention provides for an auxiliary laser light source directing laser light to the
tissue to be treated which is reflected and radiated back to the optical
waveguide of the application module. Thus, reflected auxiliary laser light
reaches the photosensor by way of the optical waveguide of the application
module. The auxiliary laser light exhibits a fluorescent light signature which is
dependent on the coagulation degree of the treated tissue. The controlling
means then evaluates the fluorescent light signature registered by the
photosensor and accordingly adapts the laser light intensity of the laser light
source to the treated tissue's degree of coagulation. A closed control loop Is
iInsofar formed. |n particular, unintentional damaging of tissue which Is not to
be treated can be efficiently prevented by the reducing or disabling of the laser

device output depending on the control signal.

A further preferential embodiment of the invention provides for the laser
device to comprise a temperature sensor for detecting a temperature of the
fissue to be treated. The temperature sensor can be coupled to the controlling
means such that a laser light intensity of the laser light source can be adjusted
as a function of the tissue temperature. The temperature sensor can be
realized as an optical sensor. Ilnasmuch, the previously described photosensor
can also be used to measure the temperature of the treated tissue. |t iIs
alternatively possible to provide for a separate temperature sensor which is for

example brought into direct content with the tissue to be treated.

In general, the invention preferentially provides for the controlling means to
comprise an evaluation unit which is coupled to the photosensor and/or the
temperature sensor and measures the temperature of the tissue or respectively
the degree of coagulation of the tissue on the basis of the detected fluorescent
light signature and the detected parameters. The evaluation unit preferably
iIncorporates the auxiliary laser light source. The auxiliary laser light source can
thereby emit a pulsed laser beam or a continuous laser beam. The evaluation
unit can moreover have amplifier functions in order to amplify the reflected

auxiliary laser light for evaluation purposes.

In one preferential embodiment, the inventive system can additionally
comprise a storage unit for storing treatment information. In particular,
information on the laser light output, the amount of energy applied and/or the

period of operation and/or type of optical waveguide, etc. can be stored In the
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storage unit. The data saved or to be stored can be output via an electronic
interface, particularly wirelessly. This allows statistics and treatment
documentation to be easily generated, thereby facilitating documentation of

the treatment.

To be noted Iin general I1s that the laser device can be connected to different
application modules. A set or module Kit respectively can inasmuch be
provided, whereby the laser device can be combined with different application
modules as the base module. The application modules enable different forms
of treatment and differ from one another in particular by their optical

properties.

One preferential embodiment of the invention provides for the laser device to
be of such a compact and lightweight construction that it can be controlled
with one hand like a pen. In particular, the laser device can essentially have
the size and form of a pen so that it can in particular be easily and consistently
used as a laser scalpel. The laser device preferably has an accumulator
iIntegrated into this pen-like configuration so that it can be operated with

energy self-sufficiency.

The following will draw on exemplary embodiments referencing the

accompanying schematic drawings in describing the invention in greater detall.

Shown are:

Fig. 1 a perspective, partially transparent representation of a laser
device for an inventive system according to a preferential
embodiment;

Fig. 2 a schematic depiction of a laser diode array having a coupling
optic for coupling laser light into an application module for an
iInventive system according to a preferential embodiment;

Fig. 3 a schematic depiction of a laser diode array having a coupling

optic for coupling laser light into an application module for an

inventive system according to a further embodiment;
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Fig. 4a, 4b a respective cross-sectional view In each case of an optical wave-
guide of an application module of an inventive system according

to a preferential embodiment;

Fig. 5a-5e  a respective longitudinal sectional view in each case through a
collimating lens array for a coupling optic for coupling laser light
into an application module of an inventive system according to a

preferential embodiment;

Fig. 6 a schematic depiction of a controlling means of a laser diode
array having a coupling optic for coupling laser light into an
application module for an inventive system according to a

preferential embodiment;

Fig. 7 a diagram representing the wavelength-dependent absorption

rate of laser light in human tissue;

Fig. 8 a longitudinal sectional view through an inventive system
according to a preferential embodiment, wherein the laser device
IS structured like a pen and combinable with different application

modules: and

Fig. 9a, 9b respective circuit arrangements of multiple laser diodes.

As can be seen in Fig. 1, the laser device 1 comprises an external housing 10
which encloses the individual components of the laser device 1. A laser light
source 11 having a cooling element 11a and a coupling optic 11b Is arranged
inside the housing. The coupling optic 11b leads to a module connection 12
formed in the housing. The module connection 12 enables the laser device to be
connected to an application module 200, in particular a catheter 20, whereby
only a proximal end piece of the catheter 20 is depicted In the attached figure

for reasons of clarity.

The catheter 20 essentially comprises an optical waveguide 25 which is
encased in a protective sheathing. The optical waveguide 25 is optically
connectable to the coupling optic 11b via the module connection 12 such that
laser light produced by the laser light source 11 can be efficiently coupled into

the optical waveguide of the catheter 20.
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The laser device 1 further comprises a controlling means 13 which Is
connected to the laser light source 11. The controlling means 13 can be further
connected to a (not shown) storage unit so that treatment parameters can be
continuously stored. The controlling means 13 is moreover coupled to control
elements, Iin particular a touchscreen 14. Switches connected to the controlling
means 13 can be further provided in order to, for example, activate the
emission of laser light. lllustrated for example in the depicted embodiment Is a
key switch 15 which can be connected to the controlling means 13. A luminous
display 16 can additionally be seen in the drawing which indicates the current
operating mode of the laser device 1. The luminous display 16 can be formed

for example by a lamp with a bulb or an LED.

Additionally recognizable in Fig. 1 is that the laser device 1 comprises an emer-
gency stop switch 23 in addition to the key switch 15. The emergency stop
switch 23 has the usual form of a mushroom head switch. A main switch 24
connected to the controlling means 13 iIs furthermore arranged on the external
housing 10. A foot switch 21 for activating the laser light source 11 iIs further
provided which is connectable to a foot switch connection 22 of the laser

device 1.

As can be seen in the drawing, the laser light source 11 Is arranged In a
housing, in particular an interior housing 17. The interior housing 17 is
hermetically sealed and directly connected to the cooling element 11a.
Specifically, the interior housing 17 is of gas-tight and/or liquid-tight design. It
IS just as preferentially provided for the coupling optic 11b to be arranged In a
hermetically sealed housing. In particular, the interior housing 17 can also
extend over the coupling optic 11b, whereby It is not precluded for the interior

housing 17 to be of multi-part construction.

The controlling means 13 is likewise arranged in a housing, wherein it is

preferentially provided for the housing to at least be liquid-tight.

A fan unit 18 Is further arranged in a rear wall of the external housing 10. The
fan unit 18 serves to circulate air within the laser device 1, in particular within
the external housing 10. This thereby ensures that sufficient air flows around

the fins of the cooling element so as to achieve an efficient cooling of the laser

light source 11.
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A power supply unit 19 is further arranged within the external housing 10. The
power supply unit 19 is provided between the laser light source 11 and the fan
unit 18 Iin the depicted embodiment. A different arrangement of the power
supply unit 19 is possible. In particular, an external power supply unit 19 can
be utilized. The power supply unit 19 is coupled to the controlling means 13
and serves as a DC voltage source for the controlling means 13 and the laser

light source 11.

The laser light source 11 preferably comprises a plurality of laser diode
elements, in particular multiple gallium antimonide semiconductor laser diode
elements. Individual laser diode elements can thereby emit different
wavelengths. |t can In any case be recognized that interconnecting multiple
single emitting semiconductor laser diode elements achieves overall system
scalability. In particular, differing numbers of laser diode elements can be
iInterconnected Iinto an array depending on application such that laser devices of

different output intensities can be easily produced.

The exemplary embodiment of a laser device for a system according to the
invention as depicted in Fig. 1 is preferably configured so that the laser light
source 11 emits laser light in a wavelength range of from 1800 nm to

2200 nm, preferably at a wavelength of 1940 nm. This wavelength is
particularly suitable for endovenous laser treatment. |t can thereby be
provided for the laser device 1 to be configured such that the laser light source
11 provides a laser light output of no more than 10 watts of laser light output
at a distal end of an optical wave-guide 25 of the catheter 20. |t Is preferably
provided for the laser light at the distal end of the optical waveguide to have

an output of approximately 7 watts.

The structure of an array comprising multiple laser diode elements 30 Is shown
schematically in Fig. 2. The laser diode elements 30 are preferably designed as
single emitter diodes. The laser diode elements 30 can in particular be
designed as broadband laser diodes. The laser diode elements 30 emit laser
light L which is in each case bundled via a collimating lens 31. Each laser diode
element 30 is thereby allocated a collimating lens 31. The bundled laser light
then reaches a coupling lens 32. The coupling lens 32 receives the bundled
laser light of all the laser diode elements 30 and couples the entire volume of

laser light into optical waveguide 25. To that end, the optical waveguide 25
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has an optical fiber connector 26 on a proximal end which is connectable to

the module connection 12 of the laser device 1.

The laser device 1 comprises, preferably in the external housing 10, a
protective glass guard 33. The protective glass guard 33 protects the coupling
optic 11b, formed by the collimating lenses 31 and the coupling lens 32, from

contamination or other impurities.

Additionally recognizable in Fig. 2 is that the optical waveguide 25, which Is
generally a component of an application module 200, i1s provided with a RFID
chip 27 on optical fiber connector 26. The RFID chip 27 communicates with the
controlling means 13 of the laser device 1 during operation. The RFID chip 27
can In particular comprise data on parameters of the application module 200
employed, in particular the optical waveguide 25. The RFID chip 27 is
additionally writeable so that data can be stored on the RFID chip 27 by way of
the controlling means 13. Timestamp data can specifically be stored so that
after a predetermined number of applications, the application module 200, In
particular the optical waveguide 25, will no longer be enabled for operation with

the laser device 1.

In other words, it can be provided for the controlling means to run a
comparison between the RFID chip of the catheter 20 and an internal
database. As soon as the RFID receiver unit detects a specific RFID parameter
and/or release coding of the catheter 20, the controlling means 13 enables the
laser light source, wherein it is also provided for the controlling means 13 to
enable different modes of the laser light source depending on the release
coding detected. Thus, the laser device 1 can be used for example both In
veterinary medicine as well as in human medicine, wherein when coupling a
catheter 20 for veterinary medicine, different setting options are provided for
the laser light emission than when coupling a catheter 20 for human medicine.
Operating errors can thus be efficiently prevented. The catheter 20 can

generally encompass a disposable catheter or a reusable catheter 20.

Fig. 3 shows another configuration of the coupling optic 11b of an inventive
system according to a preferential embodiment. The Fig. 3 structure of the
coupling optic 11b is substantially similar to the Fig. 2 structure. Multiple
laser diode elements 30 are inasmuch likewise provided, each being allocated

a collimating lens 31. The collimating lens 13 bundles the laser light L of each
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laser diode element 30. The bundled laser light L reaches a coupling lens 32
which couples the laser light L into the fiber 25a of an optical waveguide 25.
The optical waveguide 25 has a corresponding optical fiber connector 26 with

an RFID chip 27 at its proximal end.

In contrast to the embodiment according to Fig. 2, an auxiliary laser light
source 35 Is additionally provided in the embodiment according to Fig. 3 which
Is arranged laterally to the path of the bundled laser light L beam. The
auxiliary laser light source 35 emits auxiliary laser light which is used In
iIdentifying the tissue structure of the tissue to be treated. A beam splitter 34
Is arranged to that end in the beam path between the collimating lenses 31
and the coupling lens 32. The beam splitter 34 deflects the auxiliary laser light
coming from the auxiliary laser light source 35 so that the auxiliary laser light
Is likewise coupled into the fiber 25a of the optical waveguide 25. An auxiliary
laser light detector 41 is assigned to the auxiliary laser light source 35 which
detects the auxiliary laser light and which is signal-connected to the controlling

means 13 for transmitting data on the auxiliary laser light.

In order to achieve the most optimal possible coupling and utilization of the
laser light L emitted by the laser diode elements 30, It Is advantageous for the
collimating lenses 31 to be packed in an arrangement as tightly as possible to
each other. Figs. 4a and 4b for example show a hexagonal packing of the
collimating lenses 31, whereby seven collimating lenses 31 are provided In the
Fig. 4a example embodiment and 19 collimating lenses are provided in the Fig.
4b example embodiment. The same number of laser diode elements 30 and

collimating lenses 31 are in each case preferably provided in the laser device
1.

With respect to the configuration of the optical waveguide 25, Figs. 5a to 5e
show a number of variants which are regarded as being particularly
preferential in the context of the present invention. Applicable to all the optical
waveguides 25 Is that they comprise a fiber 25a encompassing a distal fiber
end 25b. The laser light exits the optical waveguide 25 via the distal fiber end
25b. The distal fiber end 25b can thereby essentially form a vertical plane to

the longitudinal axis of the fiber 25a as is shown by way of the example in Fig.
Ha.



10

15

20

25

30

35

DK/EP 3518801 T3

16

Fig. 5b shows a particularly preferential configuration of the distal fiber end
25b. The distal fiber end 25b here exhibits a ball-shaped or spherical design.
Such a design is insofar preferential as it can prevent injury to tissue. In
addition, the design of the distal fiber end 25b according to Fig. 5b is
advantageous because the enlarged cross-sectional diameter in the region of
the distal fiber end 25b relative to the fiber 25a achieves an easier feed of
the optical waveguide 25 through the catheter. In particular, the friction
between the optical waveguide 25 and the inner wall of the catheter Is

reduced.

Fig. 5¢ shows an example of a further atraumatic end, wherein the distal fiber
end 25b is only curved without exhibiting a mean bulging as shown in the Fig.

5b example.

For particularly concentrated beam conduction, a concave distal fiber end 25b
can also be provided as shown in Fig. 5d. Lastly, it may be advantageous In
some applications to emit the laser light L radially. The optical waveguide 25
according to Fig. 5e shows a distal fiber end 25b configuration with a reflector
25Cc which ensures that the laser light L directed through the fiber 25a exits

the optical waveguide 25 as radial emittance.

Fig. 6 In turn shows a coupling optic 11b which ensures that light from the laser
diode elements 30 efficiently couples into the optical waveguide 25. The
coupling optic 11b according to Fig. 6 insofar differs from the coupling optic 11b
according to Fig. 3 by the providing of two beam splitters 34a, 34b. The beam
splitters 34a, 34b are arranged serially one behind the other along the path of
the laser light. The further structuring to the coupling optic 11b corresponds to
the structure as per Figs. 2 and 3. Specifically, a plurality of laser diode
elements 30 are provided, each associated with a collimating lens 31. The two
beam splitters 34 are disposed between the array of multiple collimating lenses
31, which are preferably arranged hexagonally, and a coupling lens 32. An
optical fiber connector 26, provided at a proximal end of an optical waveguide
25, follows the coupling lens 32 in the direction of the optical path of the laser
light L. The coupling lens 32 couples the laser light L into the optical waveguide

25, In particular its fiber 25a. The optical fiber connector 26 can incorporate an
RFID chip 27.
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Fig. 6 shows Iin detail the controlling of the laser light source 11 and an
auxiliary laser light source 35. The control thereby comprises a master
controller 13a to that end which is electrically coupled to a laser diode driver
13b. The laser diode driver 13b acts on the laser diode elements 30 and
provides for the appropriate electrical control of the laser diode elements 30.
The master controller 13a furthermore receives data of an amplifier 13¢ which
IS in turn coupled to a pulse generator 13d and a fluorescent light detector 36.
The pulse generator 13d i1s assigned to an auxiliary laser light source 35 which
conducts auxiliary laser light into the optical path of the laser light L via a first
beam splitter 34a. The first beam splitter 34a is preferably configured so as to
be barely penetrable by the auxiliary laser light but instead reflective. In
particular, the first beam splitter 34a can be designed to be highly reflective to
a wavelength range from 520 nm to 550 nm. The second beam splitter 34b on
the other hand is designed to be highly reflective to a wavelength as can be
expected for feedback fluorescent light. In particular, the second beam splitter
34b can be designed to be highly reflective to a wavelength range of from 550
nm to 850 nm. Both beam splitters 34a, 34b are preferably highly transmissive
to a wavelength range of from 1800 nm to 2.200 nm, particularly 1940 nm, so

that the treatment laser light can essentially pass through without hindrance.

The fluorescent light detector 36 is arranged downstream of an optical filter
37. Fluorescent light, which is fed back into the laser device 1 via optical
waveguide 25, reaches the second beam splitter 34b and is deflected by the
second beam splitter 34b and directed to the fluorescent light detector 36 via
optical filter 37. The parameters, in particular the wavelength, of the
fluorescent light can subsequently be evaluated in the controlling means 13
and can then be used to appropriately control the laser diode driver 13b

and/or the pulse generator 13d.

The laser device 1 described herein preferably operates at a wavelength in the
range of from 1800 Nm to 2000 Nm, particularly preferentially at a wavelength
of 1940 nm. Laser diode elements 30 having a semiconductor with at least one
semiconductor layer comprising antimonide are preferably used thereto. In
particular, the semiconductor layer can comprise a gallium antimonide

compound.

Fig. 7 clearly shows why the preferential wavelength range herein for the

freating of tissue Is particularly advantageous. Wavelength in nanometers is
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plotted along the X-axis in the diagram according to Fig. 7. The absorption
rate AR of human tissue and the transmission rate TR of an optical fiber are
depicted along the Y-axis. The respective values are thereby percentually

scaled along the Y-axis.

The diagram of Fig. 7 clearly indicates that the absorption rate of human
fissue rises considerably in the range between 1800 and 2200 nm. That
means that laser light at such a wavelength has particularly good effect In
the treatment of human tissue. At the same time, the transmission rate TR of
an optical fiber is barely impacted within this wavelength range so that
overall low power Is required In order to achieve high effect in the tissue.
Only at wavelengths above 2200 nm does the transmission rate TR drop off
sharply. It is clearly apparent from this that the laser device 1 described

herein has high efficiency at comparatively low power consumption.

The electrical output or respectively power consumption of the laser device 1 Is
generally related to the current the laser diode elements 30 receive. It is
particularly preferential to use laser diode elements 30 designed as single
emitter laser diodes. Such single emitter laser diodes can be connected In
series one after another, whereby the total current required for the operation
of an array of multiple laser diode elements 30 is relatively low. This
relationship is quite visible in Figs. 9a and 9b. It can be seen that a lower total
current | _ges is required In the series connection according to Fig. 9a than in

the parallel connection of multiple laser diode elements 30 according to
Fig. 9b.

A particularly preferential example embodiment of the inventive system is shown
in Fig. 8. The laser device 1 iIs of pen-like design in this example embodiment
and preferably dimensioned such that a user can operate it with one hand. The
laser device 1 thus essentially resembles a pen, whereby the laser device 1 Is
correspon-dingly compact and thus enables easy and extremely mobile use. The
pen, or laser device 1 respectively, comprises an external housing 10, wherein
an accumulator 28 or battery respectively is integrated into the external housing
10. The accumulator 28 iIs electrically connected to the controlling means 13
which can preferably be designed as a microcontroller on a printed circuit board
(PCB). The controlling means 13 further incorporates a laser diode driver 13b or

IS coupled to a laser diode driver 13b respectively. The laser diode driver 13b Is
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In turn connected electrically to a laser diode module which can comprise a

plurality of laser diode elements 30 as well as the coupling optic 11Db.

The laser device 1, or the pen respectively, furthermore incorporates an
activation switch 29 via which the laser diode elements 30 can be switched on
or off. Lastly, it is preferentially provided for the laser device 1, or pen
respectively, to comprise a display and control elements. Preferably, the display
and control elements are combined as a touchscreen 14. The laser device 1
further comprises an interface, for example a USB port 39. The USB port 39 can
be used on the one hand for exchanging data and on the other for connecting
the accumulator 28 to a power source for the purpose of recharging said
accumulator 28. With respect to data exchange, it can in particular be provided
for the USB port 39 to be signal-connectable to a fluorescent light detector 36 In
order to enable control of the laser diode elements 30 on the basis of data
relative to the tissue to be treated. Such a fluorescent light detector 36 can for
example be integrated into one of the application modules 200 as shown as an
example in Fig. 8. In this context, the dotted line symbolizes a feedback channel

from a fluorescent light detector 36 to USB port 39.

The laser device 1 additionally comprises a protective glass guard 33 arranged
In the path of the laser beam, preferably after the coupling lens. The

protective glass guard 33 can preferably be screwed onto the external housing
10 of the laser device 1. This facilitates the easy replacing or changing of the

protective glass guard 33.

A plurality of different application modules 200 can furthermore be attached or
respectively screwed onto the protective glass guard 33 or the laser device 1
respectively. Fig. 8 depicts an example of four different application modules
200. An application module 200 with a respective output optic 40 in each case
can thus be provided. The output optic 40 can comprise one or more lenses

which focus the laser beam L.

It Is provided In a first variant of an application module 200 according to Fig. 8
for the application module 200 to additionally comprise a spacer 38 which
serves to ensure even spacing between the tissue to be treated and the
application module 200. This is particularly advantageous when the output
optic 40 has a fixed focal distance/focal length. It can be alternatively provided

for the application module to have a variable focal distance/focal length. Fig. 8
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likewise depicts such an alternative, whereby the double arrow symbolizes the

shift in focal distance/focal length.

Lastly, a beam splitter 34 and a fluorescent light detector 36 can also be
integrated into the application module 200 so that fluorescent light fed back
into the application module 200 can be detected and sent back to the laser

device 1 for the controlling of the laser diode elements 30.

The output optic 40 can additionally be formed by a coupling lens 32 so that
the output optic 40 of the application module 200 can couple the laser light
iInto an optical waveguide 25. The application module 200 is to that end
preferably connectable to an optical waveguide 25, wherein the optical
waveguide 25 preferably comprises a corresponding connecting piece, In

particular an optical fiber connector 26, at its distal end.

The system described in the present application is not only suitable for
endoscopic surgery, in particular endovenous laser treatment, but has
preferential application potentiality, in particular as a so-called laser scalpel, for
the dermatology field, e.g. in the removing of fibromas or warts, as well as the
fields of gastroenterology, vascular surgery, gynecology,

otorhinolaryngology surgery, laparoscopy, orthopedics, pediatrics, pulmonology,
urology and/or thoracic surgery. Further application possibilities arise In

dentistry and veterinary medicine.

The system described herein can in particular be of modular construction,
whereby the laser device 1 constitutes the base module of the modular system.
The laser device 1 can however be coupled to different application modules
which differ in particular in their structure. Application modules having at least
one respective optical waveguide can particularly differ by differing configuring
of the optical waveguide, in particular with regard to the distal ends of the

optical waveguide.
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11
11a
11b
12
13
13a
13b
13C
13d
14
15
16
17
18
19
20
21
22
23
24
25
25a
25b
29C
26
27
28
29
30
31
32
33
34
34a

List of reference numerals

laser device
external housing
laser light source
cooling element
coupling optic
module connection
controlling means
master controller
laser diode driver
amplifier

pulse generator
touchscreen

Key switch
luminous display
interior housing
fan unit

power supply unit
catheter

foot switch

foot switch connection

emergency stop switch

main switch
optical waveguide
fiber

distal fiber end

reflector

optical fiber connector

RFID chip
accumulator

activation switch

laser diode element

collimating lens

coupling lens

protective glass guard

beam splitter

first beam splitter

21
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34b
35
36
37
38
39
40
41
200
300

AR
TR

22

second beam splitter
auxiliary laser light source
fluorescent light detector
optical filter

spacer

USB port

output optic

auxiliary laser light detector
application module

laser diode module

laser light
absorption rate

transmission rate
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PATENTKRAV

1. System til kirurgisk behandling med et laserapparat (1) og et applikationsmo-
dul (200), hvorved laserapparatet (1) omfatter en laserlyskilde (11) med en
flerned af laserdiodeelementer med forskellig balgelaengde, og applikationsmo-
dulet (200) optisk kan forbindes til eller er forbundet med laserlyskilden (11),
hvorved det farste laserdiodeelement mindst omfatter et halvlederlag af en an-
timon-forbindelse og er saledes konfigureret, at laserlys med en fgrste bglge-
lzengde mellem 1800 nm og 2000 nm kan frembringes,

hvorved applikationsmodulet (200) er udformet som bgjningsfleksibelt kateter
(20) med en lysleder, og som omfatter en RFID-chip med en parameter- og/eller
frigivningskodning, hvorved laserapparatet (1) omfatter en styring (13) med en
RFID-sender- og modtagerenhed til laesning fra og skrivning til RFID-chippen,

og styringen (13) er konfigureret saledes, at

- der ved hjeelp af RFID-modtagerenheden sker en aktivering af laser-
lyskilden (11) | athaengighed af detekteringen at en forudbestemt para-
meter- og/eller frigivningskodning, og

- et tidsstempel lagres pa RFID-chippen med henblik pa kassation af

kateteret.

2. System ifglge krav 1,
kendetegnet ved, at

halvlederlaget omfatter en gallium-antimonid-forbindelse eller bestar deratf.

3. System ifglge krav 1 eller 2,
kendetegnet ved, at

en flerhed af forste laserdiodeelementer er koblet som et array med en hexago-

nal linsestruktur.

4. System ifglge et af de foregaende krav,

kendetegnet ved, at
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laserlyskilden (11) mindst omfatter et andet laserdiodeelement, som udsender
laserlys med en anden bglgelaengde, der er forskellig fra den farste bglge-

laengde.

5. System ifalge et af de foregaende krav,

kendetegnet ved, at

laserapparatet (1) og/eller applikationsmodulet (200) omfatter en koblingsoptik
(11b) for indkobling af laserlyset, der frembringes af laserlyskilden (11), 1 lysle-

deren.

6. System ifalge krav 4 og 5,

kendetegnet ved, at

det farste laserdiodeelement og det andet laserdiodeelement er arrangeret sa-
ledes, at laserlys, som er udsendt fra det forste og det andet laserdiodeelement,

skiftevist og/eller samtidigt kan indkobles i lyslederen.

/. System ifglge krav 5 eller 6,
kendetegnet ved, at
en flerhed af tfgrste laserdiodeelementer og/eller en flerhed af anden laserdio-

deelementer er forbundet med hinanden i elektrisk seriekobling.

8. System ifglge et af de foregaende krav,
kendetegnet ved, at
styringen (13) er forbundet med laserlyskilden (11) og konfigureret saledes, at

en pulset og/eller kontinuerlig laserlysemission kan indstilles.

9. System ifglge et af de foregaende krav,

kendetegnet ved, at

laserlyskilden (11) kan drives med en elektrisk driftsjaevnspaending, som hgjst
er 50 Volt.

10. System ifalge et af de foregaende krav,
kendetegnet ved, at

laserlyskilden (11) omfatter et gas-taet og/eller vaeske-taet inderhus (17).



10

15

20

25

DK/EP 3518801 T3

25

11. System ifalge et af de foregaende krav,

kendetegnet ved, at
laserapparatet (1) omfatter en hjaelpe-laserlyskilde og en lyssensor, hvorved

hjeelpe-laserlyskilden og lyssensoren er koblet saledes til styringen (13), at en
laserlys-intensitet af laserlyskilden (11) kan indstilles | athaengighed af en spe-

cifik fluorescens-lyssignatur for vaevet, som skal behandles.

12. System ifglge et af de foregaende krav,

kendetegnet ved, at
laserapparatet (1) omfatter en temperatursensor til detektering af en temperatur

for vaevet, der skal behandles, og som er koblet saledes til styringen, at en la-
serlys-intensitet for laserlyskilden (11) kan indstilles | athaengighed af veevets

temperatur.

13. System ifalge et af de foregaende krav,

kendetegnet ved, at
laserapparatet (1) omfatter en lagerenhed til lagring at behandlingsinformation.

14. System ifglge et af de foregaende krav,

kendetegnet ved, at
laserapparatet (1) kan forbindes med forskellige applikationsmoduler.

15. System ifalge et af de foregaende krav,

kendetegnet ved, at
laserapparatet (1) er udformet som sa kompakt og let, at laserapparatet (1) som

en blyant kan styres med én hand.
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