2012116891 AT I 0000 00O OO O

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/116891 A1l

7 September 2012 (07.09.2012) WIPO I PCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61B 18/12 (2006.01) A61B 18/14 (2006.01) kind of national protection available): AE, AG, AL, AM,
AG61B 18/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(21) International Application Number: PCT/EP2012/052559 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

15 February 2012 (15.02.2012) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
. ) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
102011 005 067.1 3 March 2011 (03032011) DE kind Of regional protection available): ARIPO (BW, GH,
61/450,905 9 March 2011 (09.03.2011) Us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(71) Applicant (for all designated States except US): CELON TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
AG MEDICAL INSTRUMENTS [DE/DE]; RheinstraBe DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
8, 14513 Teltow (DE). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK,

(72) Inventors; and SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,

o
(75) Inventors/Applicants (for US only): STRAUS, Timo GW, ML, MR, NE, SN, TD, TG).
[DE/DE]; Eibenweg la, 82216 Gernlinden (DE). FISC- Declarations under Rule 4.17:
HER, Uwe [DE/DE]; WichertstraBe 56, 10439 Berlin , B .
(DE). SCHIDDEL, Stefan [DE/DE]; Hubertusdamm 38, of inventorship (Rule 4.17(iv))
14480 Potsdam (DE). PATELIS, Antonios [DE/DE]; Published:
Miillerstr. 151, 13353 Berlin (DE). —  with international search report (Art. 21(3))
(74) Agent: EISENFUHR SPEISER & PARTNER; An-

na-Louisa-Karsch-Strafie 2, 10178 Berlin (DE).

(54) Title: HIGH FREQUENCY SURGICAL DEVICE AND HIGH FREQUENCY SURGICAL SYSTEM WITH A VOLTAGE
LIMITER

rled
AC

Fig. 2

(57) Abstract: A high frequency surgical device (2) for generating a high frequency voltage for cutting and/or vaporizing biological
tissue (16) within a flushing liquid (18), in particular a conductive flushing liquid, comprising two output contacts (11) at which an
electrosurgical instrument (3) is connectable and between which the HF voltage is provided during operations; a parallel resonant
circuit (12) which is electrically connected with the output contacts (11) and in which the HF voltage is generated during operations,
and wherein the HF voltage is configured for igniting an electric arc (17) within the flushing liquid (18) at the electrosurgical instru-
ment (3). In order to provide an electrosurgical device for applications under a flushing liquid, wherein the flushing liquid is heated
less and wherein the electrosurgical device provides better initial cutting properties, it is provided according to the invention that a
voltage limiter is arranged between the parallel resonant circuit and the output contacts.
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HIGH FREQUENCY SURGICAL DEVICE AND HIGH FREQUENCY SURGICAL
SYSTEM WITH A VOLTAGE LIMITER

The invention relates to a HF surgical device for generating a HF-voltage for cutting and /
or vaporizing biological tissue within a flushing liquid, in particular a conductive flushing
liquid. The HF surgical device includes two output contacts at which an electro surgical
instrument is connectable and between which the HF voltage is provided during opera-
tions and a parallel resonant circuit which is electrically connected with the output con-
tacts and in which the HF voltage is generated during operations. The provided HF volt-
age is configured to ignite an arc at the electrosurgical instrument, wherein the electro-

surgical instrument is disposed in the flushing liquid.

Furthermore the invention also relates to a HF-surgical system for cutting and/or vaporiz-
ing biological tissue within a flushing liquid in particular a conductive flushing liquid. The
system includes a HF surgical device for generating a HF voltage, wherein the HF surgi-
cal device includes two output contacts and a parallel resonant circuit that is electrically
connected with the output contacts and an electro surgical instrument. The instrument
includes an active electrode which is electrically connected with one of the output con-
tacts and wherein HF voltage is provided at the active electrode during operations for

igniting an electric arc within the flushing liquid.

HF surgical devices and HF surgical systems of this type are known in the art. They are
being used for example in urology or gynecology. Thus, e.g. for TURIS (Transuretale
Resection in Saline)-Plasma-Vaporization for treating benign prostate enlargements.
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Thus, an electric arc is ignited at the cutting electrode of a suitable instrument like a
resktoskope, thus the cutting electrode is arranged in a conductive flushing liquid like e.g.

a saline solution (NaCl).

Igniting an electric arc or a plasma places particular requirements upon the HF surgical
device, also designated HF surgical generator or HF generator for HF surgical applica-
tions under a flushing liquid, in particular a conductive flushing liquid. In order to ignite the
electric arc a vapor layer has to be generated about the cutting electrode. In order to
generate the vapor layer high powers and currents are required. On the other hand side
excessive power output shall be prevented because this can strongly heat the flushing
liquid. A strongly heated flushing liquid on the other hand side yields the risk of uninten-

tional thermal tissue damage.

Prior art HF surgical devices therefore put out very high power to the cutting electrode
only for a short period of time in order to facilitate immediate igniting of the electric arc.
Subsequently they put out little to no power in order to prevent excessive heating of the
flushing liquid. After igniting the electric arc the power is reduced to an acceptable level
due to the voltage- / resistance ratio during electric arc discharge. Therefore quick igniting

of the electric arc is desirable.

Thus it is an object of the present invention to provide a HF surgical device and system
for an application under a flushing liquid in which the flushing liquid is heated up as little

as possible and which provides improved initial cutting properties.
This technical problem is solved through the object of the independent claims.

The solution includes identifying the technical problem that large amounts of energy are
stored in the resonant output circuit for the recited HF surgical devices and HF surgical
systems with a parallel resonant circuit during the ignition phase which is characterized
by high current and low voltage. In this case the output circuit is the parallel resonant
circuit. As soon as a vapor layer has formed at the active electrode of the instrument the
resistance increases quickly. Through the increased resistance the voltage is increased
which facilitates the electric arc discharge. However, voltage peaks briefly occur through
the energy stored in the output circuit, wherein the voltage peaks are greater than re-

quired for a stable electric arc discharge.

PCT/EP2012/052559
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Through the voltage peaks more energy than necessary is released during electric arc
discharge which makes the vapor layer about the active electrode excessively large so
that it almost completely separates from the electrode in a form of gas bubbles. The
separation of the vapor layer from the electrode in turn has the consequence that the
electric arc and the electric arc discharge collapse. After the collapse of the electric arc a
new ignition cycle is required in order to reignite the electric arc. Continuous collapsing
and reigniting of the electric arc degrades the initial cutting properties of the instrument.
The quality of the initial cutting properties is mainly determined by the time span from the
contact of the electrode with the tissue to be cut until a stable electric arc discharge is

formed which achieves the desired tissue separating effect, thus which is used for cutting.

Inferior initial cutting properties with a long time span until cutting is performed overall can
lead to extended surgery times. Furthermore reigniting the electric arc can lead to an

increased heating of the flushing liquid.

FIG. 1 illustrates this problem based on the voltage diagram over time. Initially, the HF
output voltage U1 is small. Through the increased resistance through the formed steam
layer as recited supra the voltage increases by a large amount to the excessively high
value U3 through the energy stored in the output circuit. Through the resulting excessive
energy input, the vapor layer separates from the electrode, so that the electric arc col-
lapses and the voltage drops to the initial level U1. The process repeats itself until a

stable electric arc discharge with a suitable HF voltage U2 is reached.

The HF surgical device according to the invention solves the problem in that a voltage

limiter is arranged between the parallel resonant circuit and the output contacts.

The HF surgical device according to the invention solves the problem in that the system
includes a voltage limiter which is arranged between the parallel resonant circuit and the

active electrode.

The solution according to the invention has the advantage that the voltage limiter limits
the HF voltage which is applied to the instrument or the electrode to a predetermined
level that is configured for igniting the electric arc or transposes the HF voltage in another
manner. This level is high enough to provide ignition for the electric arc and low enough
to keep the vapor layer about the electrode small so that good initial cutting properties are

provided.

PCT/EP2012/052559
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Since the voltage limiter is arranged subsequent to the parallel resonant circuit, the
energy stored in the parallel resonant circuit is limited as well. Without the present inven-

tion, the stored energy could lead to high voltage peaks.

This is an advantage over alternative solutions in the art, like e.g. DE 10 2008 055820,
which omit a parallel resonant circuit. The solution presented herein also includes the
finding that voltage peaks of this type cannot be prevented through a prior art regulation
of the output voltage of the HF surgical device since the amount of energy stored in the

parallel resonant circuit cannot be subsequently influenced through a control variable.

The invention can be improved through advantageous embodiments which are subse-
quently described. The features of the embodiment are randomly combinable with one

another.

Thus, the HF surgical device can include a regulator for regulating the HF voltage at the
output contacts, wherein the regulator uses the HF voltage limited by the voltage limiter
as a regulation parameter. This has the advantage that the regulator operates with the HF
voltage that is smoothed not to have voltage peaks, thus the HF voltage is measured
behind the voltage limiter. In the prior art HF generators recited supra it is not possible to
avoid voltage peaks through regulating the output voltage. The amount of energy once
stored in the parallel resonant circuit cannot be influenced subsequently through the
available regulation variables. To the contrary, the regulator makes the problem worse
because the voltage collapses through the separating vapor layer and the regulator
additionally regulates the voltage down. Thus it takes particularly long until another elec-

tric arc ignites.

In another advantageous embodiment, the voltage limiter can limit the HF voltage to a
maximum of 400 to 460 Vp (Vp: volt peak), in particular 450 Vp. Experiments have
proven that this HF voltage is sufficiently high for igniting the electric arc and on the other

hand side sufficiently low so that the vapor layer does not separate from the electrode.

In order to quickly prevent that the flushing liquid heats up and in order to keep the heat
volume that is put out low, the voltage limiter can limit the voltage within a time span of

less than 10 ms.

PCT/EP2012/052559
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In order for the HF surgical device to also to be usable for applications in which voltage
peaks or higher voltages are desirable, the HF surgical device can include a switch

through which the voltage limiter can be optionally switched on.

In an advantageous embodiment of the invention the voltage limiter can be a TVS-diode
or a Varistor. This has the advantage that the components are easily and economically

available.

The invention also relates to a method for cutting and/or vaporizing biological tissue
within a cooling liquid, in particular a conductive cooling liquid. The method includes the
following steps: generating a HF voltage in a parallel resonant circuit of a HF surgical
device; removing voltage peaks which are above a predetermined peak voltage and
which last longer than 10 ms at the most from the HF voltage; applying the HF voltage
between an active electrode of an electrosurgical instrument and the tissue within the
flushing liquid; cutting and/or vaporizing the tissue through an electric arc to be ignited

between the active electrode and the tissue.

The invention is subsequently described with reference to preferred embodiments illus-

trated in drawing figures. The features are combinable in a random manner.

FIG. 1 ilustrates a diagram of the HF output voltage of a prior art HF surgical de-
vice;
FIG. 2 illustrates a schematic view of an embodiment of a HF surgical device ac-

cording to the invention and a HF surgical system according to the invention;

FIG. 3illustrates a diagram of the HF output voltage of the HF surgical device of FIG. 2
and 4,

FIG. 4illustrates a schematic view of another embodiment of an HF surgical device ac-

cording to the invention and of an HF surgical system; and

FIG. 5illustrates an electrosurgical instrument configured as a resectoscope.

Initially, the invention is described with reference to the embodiment in FIG. 2.

PCT/EP2012/052559
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FIG. 2 illustrates a HF surgical system 1 which includes a HF surgical device 2 and an

electrosurgical instrument 3.

The HF surgical device 2 which is only schematically illustrated includes a power supply
5, electric grid contacts 6, a switch 7, a capacitance 8, a transformer 9, a voltage limiter

10, a voltage measuring device 19, a regulator 20 and output contacts 11.

The power supply 5 is connectable on the input side through grid contacts 6 with a power
grid (not illustrated). On the output side, the power supply 5 is connected with a paraliel
resonant circuit 12. The parallel resonant circuit 12 is formed by the capacitance 8 and
the inductivity of the primary side 13 of the transformer 9 arranged parallel thereto. A
switch 7 is arranged in the circuit between the parallel resonant circuit 12 and the power
supply 5. The secondary side 24 of the transformer 9 is connected with the output con-

tacts 11.

Between the transformer 9 and the output contacts 11, a voltage limiter 10 is arranged in
parallel. Thus, the voltage limiter 10 is arranged in the HF surgical device 2 according to
the invention between the parallel resonant circuit 12 and the output contacts 11. In the
HF surgical system 1 according to the invention, the voltage limiter 10 is arranged be-

tween the parallel resonant circuit 12 and the active electrode 14.

The voltage measuring device 19 is also arranged in parallel between the transformer 9
and the output contacts 11, however behind the voltage limiter 10. The regulator 20 is
signal connected with the voltage measuring device 19 and also with the power supply 5.
The electrosurgical instrument 2 that is connected with the output contacts 11 of the HF

surgical device 2 includes an active electrode 14 and a return conduction electrode 15.

During operations, the HF surgical device generates a HF voltage at the output contacts
11, wherein the HF voltage is conducted to the connected instrument 3. The electrosurgi-
cal instrument 3 and the biologic tissue 16 to be treated are thus disposed within a con-
ductive liquid 18 like e.g. a saline solution. The HF voltage is generated by the HF surgi-
cal device 2 so that an electric arc 17 is ignited between the active electrode 14 and the
biologic tissue 16 to be treated. Through the return conduction electrode 15, the current

flows back to the HF surgical device 2.

PCT/EP2012/052559
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In order to generate a suitable HF voltage, initially the grid voltage applied to the grid
contacts 16 is converted into a DC voltage in the power supply 5 in the HF surgical device
2. The DC voltage applied to the output of the power supply 5 is fed into the parallel
resonant circuit 12 in a pulsed manner. Thus, the switch 7 opens and closes in order to
generate the DC voltage pulses. The switch 7 is controlled by a control unit (not illus-
trated) of the HF surgical device 2 with a fixed or variable frequency. This generates the
HF voltage with the desired frequency in the parallel resonant circuit 12, thus between
300 kHz and 2 MHz. Certainly also plural switches 7 can be provided which feed the DC
voltage with different switching frequencies into the parallel resonant circuit 12 in order to

generate e.g. a modulated HF voltage.

The HF voltage generated in the parallel resonant circuit 12 is extracted through the
transformer 9 during operations and conducted to the output contacts 11 in order to

generate the electric arc 17 at the instrument 3.

During the ignition phase of the electric arc 17, a large amount of energy is stored in the
parallel resonator 12. As soon as a vapor layer (not illustrated) has formed at the active
electrode 14 of the instrument 3, the resistance increases over a short time period. The
HF voltage increases through the increased resistance which ignites the electric arc 17.
In order to prevent voltage peaks U3 as illustrated in FIG. 3 which could influence the
stability of the electric arc 17 negatively and which can occur over short time periods
through the energy stored in the parallel resonant circuit 12, the voltage limiter 10 is
provided in the HF surgical device 2 according to the invention. The voltage limiter 10
limits the HF voltage upward and converts the voltage above a predetermined level U2 in
another manner like e.g. into heat energy. Thus, the peak of the HF voltage is reliably

limited to a value U2 that is configured for a stable electric arc 17 as illustrated in FIG. 3.

Thus, the voltage limiter 10 is configured in the exemplary embodiment in FIG. 2 so that it

limits HF voltages above 450 Vp within a time period that is shorter than 10 ms.

In order to regulate the HF voltage at the output contacts 11, the HF surgical device 2
includes the regulator 20 in combination with the voltage measuring device 19. The
voltage measuring device 19 measures the HF voltage limited by the voltage limiter and
conducts a representative signal to the regulator 20. The regulator 20 compares the
signal from the voltage measuring device 19 with a predetermined target value and

controls the power supply 5.

PCT/EP2012/052559
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The method according to the invention for cutting and/or vaporizing biological tissue 16
within a liquid, in particular the conducting liquid 18 includes the following steps: initially a
HF voltage is generated in the parallel resonant circuit 12 of the HF surgical device 2.
Subsequently voltage peaks which are above a predetermined peak voltage and which
last longer than 10 ms at the most are removed. Subsequently the HF voltage from which
the voltage peaks are removed is provided at the output contacts 11 of the HF surgical
device 2. From the output contacts 11, the HF voltage is provided to an electrosurgical
instrument 3. Eventually, the tissue 16 is cut and/or vaporized by an electric arc 17 that is

burning between the instrument 3 and the tissue 16.

Subsequently, an additional embodiment of the system 1 according to the invention is
described as illustrated in FIG. 4. For reasons of simplicity, only the differences to the
embodiment in FIG. 2 are described. Like components are provided with like reference

numerals.

In the embodiment in FIG. 4, the switch 7 is configured as a transistor which can be
switched very quickly by the control unit. Furthermore, the voltage limiter 10 includes a
TVS diode 21. The TVS diode 21 has the advantage that it is available as a standard
component in a very simple and cost-effective manner and that it limits the voltage very
quickly, this means quicker than 10 ms. Alternatively, the voltage limiter 10 can also
include e.g. a Varistor. Furthermore, the HF surgical device 2 in FIG. 4 includes a switch

22 through which the voltage limiter 10 is variably switchable.

FIG. 5 illustrates an exemplary resectoscope configured as an electrosurgical instrument
3 in a detailed view. In a resectoscope, the optics 25 facilitate tissue extraction during
optical viewing by a surgeon. In order to separate (cut) tissue to be extracted, the active
electrode 14 of the electrosurgical instrument 3 is used. The active electrode 14 is ar-
ranged at a distal end of an electrical conductor 26 and can be connected through the

electrical conductor with the output contact 11 of the electrosurgical device.

The optics 25 are enveloped by a shaft tube 27, whose interior is used as a feed channel
31 for flushing liquid and which includes a connection 28 for connecting a flushing liquid
source through a respective hose for this purpose. The shaft tube 27 is enveloped by an
exterior tube 29. Between the shaft tube 27 and the interior tube 29, there is a cavity with
an annular cross-section which is therefore also designated as a ring channel and is used
as a return channel for extracting flushing liquid. The ring channel also includes a connec-

PCT/EP2012/052559
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tion 30 which can be connected through a hose with an extraction pump. The extraction

pump can be a component of the flushing liquid source.
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Patent Claims

A high frequency surgical device (2) for generating a high frequency voltage for
cutting and/or vaporizing biological tissue (16) within a flushing liquid (18), in par-
ticular a conductive flushing liquid, comprising two output contacts (11) at which an
electrosurgical instrument (3) is connectable and between which the HF voltage is
provided during operations; a parallel resonant circuit (12) which is electrically con-
nected with the output contacts (11) and in which the HF voltage is generated dur-
ing operations, and wherein the HF voltage is configured for igniting an electric arc
(17) within the flushing liquid (18) at the electrosurgical instrument (3), wherein a
voltage limiter (10) is arranged between the parallel resonant circuit (12) and the

output contacts (11).

The HF surgical device according to claim 1, wherein the high frequency surgical
device includes a regulator (20) for regulating the high frequency voltage at the
output contacts (11), wherein the regulator uses the high frequency voltage limited

by the voltage limiter as a control variable.

The high frequency surgical device according to claim 1 or 2, wherein the voltage
limiter (10) limits the high frequency voltage to a maximum of 400 to 460 Vp, in par-
ticular 450 Vp.

The high frequency surgical device according to one of the preceding claims,
wherein the voltage limiter (10) limits the high frequency voltage within a time pe-

riod of less than 10 ms.

The high frequency surgical device according to one of the preceding claims,
wherein the high frequency surgical device includes a switch (22) through which

the voltage limiter (10) is optionally switchable.

The high frequency surgical device according to one of the preceding claims,

wherein the voltage limiter is a TVS diode (21).

The high frequency surgical device according to one of the preceding claims 1

through 5, wherein the voltage limiter (10) is a Varistor.

PCT/EP2012/052559



10

15

WO 2012/116891

10.

-11-

A high frequency surgical system (1) for cutting and/or vaporizing biological tissue
(16) within a flushing liquid (18), in particular a conductive flushing liquid, compris-
ing a HF surgical device (2) for generating a high frequency voltage including two
output contacts (11) and a parallel resonator (12) electrically connected with the
output contacts (11) and an electrosurgical instrument (3), wherein the electrosur-
gical instrument includes an active electrode (14) which is electrically connected
with one of the output contacts (11) and at which the high frequency voltage for ig-
niting the electric arc (17) is provided within the flushing liquid (18) during opera-
tions, wherein the system (1) includes a voltage limiter (10) which is arranged be-

tween the parallel resonant circuit (12) and the active electrode (14).

The high frequency surgical system according to claim 8, wherein the voltage
limiter (10) is a TVS diode (21) or a Varistor.

The high frequency surgical system according to claim 8 or 9, wherein the electro-
surgical instrument (3) includes at least one flushing liquid channel (31) for moving
flushing liquid proximal to the active electrode (14), wherein the flushing liquid
channel (31) is connected with a flushing liquid source during operation of the high

frequency surgical system (1).

PCT/EP2012/052559
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Fig. 3
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