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(57) Abstract: An electrosurgery system for electrosurgically cutting or vaporising living tissue comprises an electrosurgical gen-
erator (10) having a pair of output terminals and an electrosurgical instrument (12) containing an electrode assembly (16). The
electrode assembly has at least one treatment electrode (16A) and an adjacent return electrode (16B). the generator and the assembly
are arranged to deliver to the treatment and return electrodes radio frequency (r.f.) energy simultaneously at at least two frequencies,
one of which is in a lower frequency range of from 50kHz to 50MHz and the other of which is greater than 300MHz. The r.f. current
delivered at the lower frequency is limited in order to restrict dissipation of power in the tissue at that frequency and to permit tissue
cutting or vaporisation using energy delivered at the higher frequency.
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Electrosurgery System

This invention relates to a radio frequency electrosurgery system and associated

methods of operation.

It is known to use a needle or narrow rod electrode for cutting tissue in monopolar
electrosurgery at frequencies in the range of 300kHz to 3MHz. An electrosurgical
signal in this frequency range is applied to the electrode, and the electrical current path
is completed by conduction through tissue to an earthing plate secured to the patient’s
body elsewhere. The voltage applied to the electrode must be sufficiently high to cause
arcing and consequent thermal rupture so that tissue adjacent the needle is ablated or

vaporised.

One problem with such a system is that the return path via the earthing plate can cause
effects well beyond the treatment site. One of the objects of this invention is to

provide for cutting or vaporisation of tissue without substantial effects of this kind.

According to a first aspect of  this invention, an electrosurgery system for
electrosurgically cutting or vaporising tissue comprises an electrosurgical generator and
an electrode assembly having at least one treatment electrode and an adjacent return
electrode, wherein the generator and the assembly are arranged to deliver to the
treatment and return electrodes radio frequency (r.f.) energy simultaneously at at least
two frequencies, one of which is in a lower frequency range of from 50kHz to SOMHz
and the other of which is greater than 300MHz, the r.f. current delivered in the lower
frequency range being limited such that the current-to-frequency ratio of energy
delivered in the lower frequency range remains below a value of 17mA rms per
100kHz. In this way it is possible to strike an arc between the treatﬂmnt electrode and
the tissue to be treated using the r.f. energy in the lower frequency range, this arc
providing a low impedance pathway for energy at a frequency greater than 300MHz to
cause cell rupture and, as a result, cutting or vaporisation of the tissue. The return path

for energy at the higher frequency is predominantly through the stray capacitance
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between the tissue and the return electrode. This is particularly the case for current at

the frequency greater than 300MHz. One of the effects of this is that tissue outside the

treatment site is substantially unaffected.

Since the arc is established using low frequency energy, the components for generating
and transmitting energy at the higher frequency, i.e. above 300MHz, may be designed
solely to drive a low impedance. Furthermore, since coagulation of tissue generally
requires high current, and the tissue presents a low impedance to the source, the
electrode assembly may be constructed to provide UHF matching into a low impedance
load, the system thereby providing efficient operation in both cutting/ vaporisation and
coagulation modes using the single electrode assembly. Since the capacitive pathway
from tissue to return electrode is of considerably lower impedance than at the lower
frequency, high current can be delivered at UHF, the current density necessary for tissue
treatment being confined to the treatment area. Tissue effects due to the low frequency

energy are minimal due to the restriction of low frequency currents to low levels.

-One of the ways of restricting low frequency current is to ensure that the source
impedance at the operating frequency in the lower frequency range is comparatively
high. The preferred system comprises a generator unit having a pair of r.f. output
terminals, an instrument which includes a handpiece, a shaft mounted on the handpiece
and the electrode assembly generally located at a distal end of the shaft, and a feeder
cable arranged to connect the generator unit output terminals to the handpiece. The
preferred lower frequency range is 100kHz to 5SMHz. The high source impedance may
be achieved by connecting a low value capacitor in series in the low frequency current
path, e.g. between the feeder cable and the treatment electrode for restricting the current
at the lower operating frequency such that the current-to-frequency ratio remains within
the range referred to above. Preferably, the capacitor is located at the distal end of the
shaft, immediately adjacent the treatment electrode. =~ The instrument shaft may
comprise a pair of supply conductors for delivering the r.f. energy to the electrode
assembly, the capacitor being formed as the coaxial combination of a elongate inner
conductor which is integrally formed with the treatment electrode, and a tubular outer

conductor spaced from the inner conductor by a tubular heat resistant dielectric tube,
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this tubular outer conductor being connected to one of the supply conductors of the

shaft. Typically, in this case, the capacitor has a value of 5pF or less.

At UHF, the reactance of the capacitor is low and, therefore, has little effect on the

transmission of UHF power to the treatment electrode.

The instrument shaft preferably includes a balun, advantageously mounted close to the
electrode assembly. Such a balun, being configured to operate at the higher operating
frequency serves to improve efficiency and to minimise tissue effects outside the

tfreatment area.

It is also possible to raise the source impedance and hence limit the low frequency
output current by arranging for the low frequency source in the generator unit to drive a
resonant load, e.g. in the form of a shunt parallel resonant circuit with a Q in the region
of 100 or greater. The parallel capacitance may be the capacitance of the feeder
between the generator unit and the handpiece, while the parallel inductance, tuning the
capacitance to the lower of the operating frequencies is preferably situated inside the
generator unit and upstream of the stage performing combination of the high and low
frequency signals. The resonant circuit allows voltages in excess of 700V to be
generated, allowing formation of an arc between the treatment electrode and the tissue
being treated. When the arc is struck or the treatment electrode touches tissue, the Q of
the resonant circuit is reduced, and the output voltage collapses to prevent current
delivery beyond the range specified above. The low frequency signal may be pulsed.
This allows the driving impedance of the low frequency source into the resonant circuit
to be reduced without exceeding the average current-to-frequency ratio. This in turn
allows the rise time of the low frequency output voltage to be increased, despite the

presence of the resonant circuit.

Whether the low frequency signal is continuous or pulsed, the maximum r.f. power
delivered, continuously or during each r.f. burst, respectively, is preferably limited to

10W or less. The output voltage of the low frequency source may also be limited.
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As a further alternative, the low frequency source impedance may be increased by
inserting a series impedance such as a resistance in the low frequency output current

path in a low frequency part of the generator unit.

According to another aspect of the invention, a method of operating an electrosurgical
tissue cutting or vaporisation system which comprises an electrosurgical instrument
having an active electrode and an adjacent return electrode, comprises supplying to the
electrodes radio frequency (r.f.) energy simultaneously at at least two frequencies, one
of which is in a lower frequency range of 50kHz to 50MHz and the other of which is
greater than 300MHz, the current in the lower frequency range whilst the instrument is
set to operate in a tissue cutting or vaporising mode being such that the
current-to-frequency ratio of energy delivered in the lower frequency range remains

below a value of 17mA rms per 100kHz.

According to yet a further aspect of the invention, a method of electrosurgically cutting
or vaporising tissue using an electrosurgery system which comprises an electrosurgical
generator and an electrode assembly having at least a treatment electrode and an
adjacent return electrode, comprises bringing the treatment electrode to a position on or
adjacent the tissue to be cut or vaporised, applying to the electrodes a first radio
frequency (x.f.) signal component at at least one frequency in the range of from 50kHz
to 50MHz to establish an arc between the treatment electrode and the tissue, and
simultaneously applying to the electrodes a second r.f. signal component at at least one
second frequency which is greater than 300MHz to cause a current at the second
frequency to flow along the arc established by the first r.f. signal component, the level
of the average current above 300MHz being at least an order of magnitude greater than
the average current in the frequency range of from 50kHz to 5S0MHz during a cutting or

vaporisation operation.

Preferably, the average current in the frequency range of from 50kHz to SOMHz is
small enough to have no clinical effect or negligible total effect in the absence of the

second r.f. signal component. A maximum value below 50mA is typical.
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The invention will now be described by way of example with reference to the drawings
in which:-

Figure 1 is a block diagram showing a electrosurgical system in accordance with
the invention;

Figures 2A and 2B are perspective views of a UHF tissue vaporising instrument,
Figure 2A being partly cut away;

Figures 3A and 3B are perspective views of a UHF tissue cutting instrument,
Figure 3A being partly cut away;

Figure 4 is an equivalent circuit diagram of the instruments of Figures 2A, 2B, 3A
and 3B;

Figure 5 is a low frequency load curve; and

Figures 6A and 6B are simplified circuit diagrams of the low frequency energy

supply circuit in alternative electrosurgical systems in accordance with the invention.

The preferred embodiments of the present invention are applicable mainly to the
performance of the laporscopic electrosurgery upon tissue in a gaseous environment
(e.g. air) using a dual-electrode instrument having active and return electrodes situated
at a distal end of an instrument shaft. The active electrode is applied either directly to
the tissue or closely adjacent the tissue, while the return electrode is spaced from the

tissue being treated where it is capacitively coupled to the tissue.

The apparatus described below, particularly the electrosurgical generator, has features
in common with the apparatus described in our International Application No.WO
00/53112. The contents of this application is incorporated in the disclosure of the

present application by reference.

Referring to Figure 1, an electrosurgical system in accordance with the invention
comprises a dual-frequency generator unit 10 having output terminals 10C providing a
radio frequency (r.f.) output to an electrosurgical instrument 12 via a flexible coaxial
cable 14. The instrument 12 is in the form of a handpiece (not shown) with an
instrument shaft having an electrode assembly 16 at its distal end, the assembly

comprising the combination of an active or treatment electrode 16A and a return
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electrode 16B. The construction of the electrode assembly will be described
hereinafter. It will be appreciated that in some embodiments of the invention, all or
part of the generator unit may be incorporated within the handpiece. Whether it is in
the handpiece or separate, the generator may be activated by a switch in the handpiece
or a foot switch separately connected to the generator unit 10. The mode of operation,
e.g. between coagulation, cutting and vaporisation modes, is ‘selected by controls also

not shown in Figure 1.

The generator unit 10 contains separate 300kHz and 2.45GHz synthesisers 20, 22 the
output signals of which are summed in adder 24 having low- and high-pass filters
coupled to inputs arranged to receive the 300kHz and 2.45GHz signals respectively as
shown. A circulator 26 connected in series between the 2.45GHz synthesiser 22 and
the adder 24 serves to provide a 50ohm source impedance for synthesiser 22 under
conditions of varying load impedance, with effective power being dissipated in a

500hm reflective energy sink or dump 28, also connected to the circulator 26.

At the output of the adder 24, a composite signal consisting principally of the two
frequency components at 300kHz and 2.45GHz is delivered to the output terminals 10T
of the generator unit 10 and fed via a cable 14, which is typically in the region of 3m
long, to the handheld instrument 12 and thereafter to the tissue under treatment. Both
low and high frequency components are, consequently, fed via a single feeder structure
to the electrodes 16A, 16B  The instrument 12 also includes a UHF balun 30 for
converting the high frequency (i.e. 2.45GHz or UHF) component from a single-ended
signal, as present at the output terminals 10T of the generator unit 10, to a balanced
signal at the active and return electrodes 16A and 16B. During operation of the
system, r.f. energy is delivered by the generator unit 10 along the inner conductor of the
feeder cable 14 via balun 30 to the active electrode 16A. The current then passes from
active electrode 16A through the tissue being treated and via the capacitance between
the tissue and the return electrode 16B, to the generator along the outer conductor of the
feeder cable 14. Included in this current path is a current limiting capacitor 32 which
raises the source impedance in respect of the low frequency (300kHz) component as

seen at the electrodes. In the present embodiment, this capacitor has a value in the
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region of 1.5pF and is located immediately adjacent the active electrode 16A at the
distal end of the instrument shaft. In other embodiments it may be located elsewhere in
the current path between the low frequency source 20 and the electrodes 16A, 16B, but
the position at the distal end of the shaft is preferred to avoid the shunt capacitive
loading of the instrument shaft and/or the feeder cable 14.

A distal end portion of the instrument shaft is shown in Figures 2A and 2B. Referring
to these figures, shaft 12S takes the form of a rigid stainless steel tube mounted at its
proximal end in a handpiece body (not shown). The shaft 128 constitutes a coaxial
feed structure, with the stainless tube 12T acting as an outer supply conductor 12T. An
inner wire 12W, insulated from the tube 12T via an insulating sleeve (not shown) forms
an inner conductor. This inner conductor is tubular at the distal end of the shaft, where
it is in the form of metallisation on a narrow ceramic tube 40, part of which is exposed
beyond the distal end of outer conductor 12T, as shown as Figures 2A and 2B. Fixed
within tube 40 is a central wire 42 the end of which, in this embodiment, is coiled to
form an active electrode 16A suitable for tissue vaporisation. The ceramic material of
tube 40 constitutes a low loss ceramic dielectric of a tubular capacitor formed by the
metallisation on the tube 40 and the central wire 42. This capacitor has a value of about
1.5pF and, as such, represents a significant series impedance at the low operating
frequency of 300kHz but at the upper frequency of 2.45GHz its impedance is
comparable to or lower than the typical load impedance represented by the tissue under

treatment and the capacitative return path.

Balun 30 takes the form of a conductive sleeve having an electrical length of A4 which
is connected at its proximal end 30T to the outer supply conductor formed by tube 12T.

The return electrode 16B is in the form of a similar conductive sleeve, also connected at
its proximal end 16B to the outer supply conductor. Both the balun 30 and the return
conductor are quarter-wave resonant structures located on the distal end portion of the
shaft 12S. The complete shaft and these sleeves are covered by an insulating layer
which is not shown in Figures 2A and 2B.
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An alternative configuration for the distal end of the shaft 12S is shown in Figures 3A
and 3B. In this case, the current limiting capacitor (shown as element 32 in Figure 1)
has an air dielectric, being formed by the combination of an axial conductive rod 46 and
the inner metallisation 48 of a rigid insulative tube 50 which is also metallised on the
outside to form the outer supply conductor 12TD of the shaft distal end portion. Inner
rod 46 is held in its axial position by insulative spacers 52, 54. At its distal end, the
inner rod 46 is connected to a wire electrode 16A which, in this case is somewhat
smaller than the active electrode of the embodiment of Figures 2A and 2B, and is more
suitable for tissue cutting. The rod 46 terminates at the proximal spacer 54 and the
inner metallisation of tube 50 is connected to the inner supply conductor of a coaxial
connector 60, while the outer metallisation on tube 50 is connected to the connector
outer shield so that the shaft portion shown in Figures 3A and 3B may be connected to a
proximal coaxial shaft portion, or directly to a handpiece body (neither shown). The
balun 30 and the return electrode 16B are similarly constructed and connected as the
equivalent components of the embodiments of Figures 2A and 2B and, again, the
complete assembly is covered with an insulative coating, with the exception of

electrode 16A.

As an aid to understanding the operation of the system, attention is directed to the
equivalent circuit of Figure 4, the cutaway sleeve that is the quarter wave balun 30
being represented by a lumped inductor and capacitor combination connected to the
outer supply conductor of the shaft 128, here designated the “return” conductor 70.

This balun matches inner and outer UHF currents.  The return electrode sleeve 16B is
also shown as a lumped resonant structure. This operates in a similar fashion to the
balun but provides the predominant return path for r.f. energy at UHF, the resonant
structure amplifying the return voltage due to its resonance at the upper operating
frequency of 2.45GHz. The inductance of the return electrode sleeve 16B has a value
such that it resonates with the combination of the stray return capacitance Cr and
sleeve-to-shaft capacitance Ci at 2.45GHz. The return electrode is dimensioned

accordingly.
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It will be appreciated that the circuit elements due to the balun and return electrode
sleeves 30, 16B are effectively invisible at the lower operating frequency. However,
the current limiting capacitance 32 and the feeder capicitance Cc, which appears as a
lumped capacitance at the lower frequency, have a significant effect. The value of
capacitor 32 is typically 1.5pF, this value being appropriate for a lower operating
frequency of about 300kHz. Alternative values having an equivalent series impedance
may be selected for different lower operating frequencies. The effect of capacitor 32 is
to limit the lower frequency current delivery to inconsequential values in terms of

clinical effect.

When the system is used for tissue vaporisation, the active tissue 16A can become hot.

In such circumstances, it is possible for thermionic rectification to occur, causing a
charge build-up on any coupling capacitance such that intermittent contact with tissue
subsequently causes alternate charging and discharging of the coupling capacitor.
Positioning the capacitor 32 directly adjacent active electrode 16A allows it to remain
small in value so that nerve stimulation due to thermionic rectification is virtually

absent.

The capicitance Cc of the cable represents a low impedance source at the lower
operating frequency and in this context coupling capacitor 32 has the advantage of
reducing any high current discharge through an arc established between the active

electrode tip 16A and the target tissue 72 due to the feeder capacitance Cc.

The raising of the source impedance at the lower operating frequency due to the
coupling capacitor 32 is illustrated in the power/impedance load curve of Figure 5
which indicates maximum power occurring at about 250kilohms, the effective source

impedance.

As mentioned above, the effect of the coupling capacitance 32 allows a high voltage
low frequency signal to be applied across the electrodes 16A 16B without giving rise to
corresponding currents at the lower frequency which have the potential to cause tissue

effects both at the treatment site and at other sites on the patent’s body, e.g. along
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luminal structures such as blood vessels or adjacent an earthed structure such as an -
operating table. Accordingly, in a tissue cuiting or vaporisation mode of the system, the -
300kHz synthesiser 20 (Figure 1) can be activated to provide sufficient voltage across
the electrodes 16A, 16B to cause arcing when the active electrode 16A is close to the
target tissue 72. Simultaneous application of the 2.45GHz and 300kHz components to
the tissue 72 allows UHF current to flow from the active electrode 16A along the arc to
the tissue. Return currents of both components are coupled to the return electrode 16B
by the stray tissue-to-electrode capacitance Cr. The current path provided by the arc
constitutes a comparatively low impedance at UHF which means that the load
impedance in the cutting or vaporisation mode is comparable to that in the coagulation
mode.  Accordingly, the same system may be used for both coagulation and
cutting/vaporisation, taking advantage of the localisation of effect which can be

achieved at UHF when driving impedances below 1 kilohm.

The level of voltage applied at the lower operating frequency to initiate an arc may be
as low as 300V peak. A voltage in excess of 1000V peak may be used for tissue
vaporisation. Once initiated, it is possible to sustain an arc with a voltage of less than
100V peak. The low impedance pathway created by the arc exists only for a very short
time, but this is sufficient for coupling of UHF energy along the same pathway, high
UHF currents being possible due to the considerably lower impedance of the return
pathway at UHF. Should the active electrode 16A contact the target tissue 72, the
applied voltage at the lower operating frequency will collapse so that a very small
maximum current is delivered. Formation of the arc causes instantaneous discharge of
the coupling capacitor 32 resulting in a very brief high current impulse which has a
peak power much higher than the peak power available from the UHF source and which
is capable of exciting the resonance of the resonant circuits represented by the return
clectrode 16B and balun 30 located at the distal end of the instrument shaft. These
factors ensure that low frequency arcing provides a conductive pathway for the UHF

component.

Vaporisation can be initiated in two ways. If the active electrode 16A is brought into

close proximity with the tissue 72 such that the low frequency component initiates an
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arc, the ionised pathway is then the preferred path for UHF current. Since the ionised
pathway is extremely narrow at any instant, the subsequent delivery of UHF is with
very high power density, which is capable of vaporising tissue. The ionised pathway
moves towards the closest conduction point, with the result that all tissue within the arc
strike distance of the active electrode 16A is vaporised. The second method of arc
initiation is with the active electrode 16A already in contact with the tissue. Initially,
the low frequency component is stalled by low impedance contact, but the delivery of
UHF power through the low impedance contact results in tissue coagulation and
desiccation.  Desiccation proceeds when the electrode-to-tissue impedance rises
sufficiently to allow a low frequency voltage gradient between the electrode and the

tissue for creating the arc (the impedance at that point being greater than 50 kilohm.

The advantages of this method of operation are that all r.f. power is localised to the
treatment zone, and the structure of the electrode assembly need be configured only for
low impedance (high current) UHF power delivery. Such UHF power delivery may be
optimised for tissue contact coagulation, cutting and vaporisation being achieved by
addition of the low frequency component. Further advantages are the ability to use
only low power low frequency drivers, much reduced radio frequency emissions due to
the avoidance of currents through an earth return pad, and the ability to adjust the effect
(e.g. between cutting and different degrees of vaporisation) by adjusting the low
frequency peak voltage and the consequent arc striking distance. The ability to provide
low frequency coupling by a comparatively small capacitance yields the advantage that

stray return capacitance effects are negligible.

While some of the advantageous effects of situating the coupling capacitor in an
electrode assembly may be lost, it is possible to achieve arc initiation with alternative
capacitor positioning. For instance, the capacitor can be located in the handpiece body,
i.e. at the proximal end of the instrument shaft, in which placed a capacitance value in
the range of from 20pF to 100pF is appropriate. It is also possible to locate the
capacitor in the generator unit. In this case, where a feeder cable is present, an

appropriate capacitor value would be of the range of 300pF to 1nF.
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Current limiting at the lower operating frequency may be achieved by alternative
means. As an example, current limiting may be performed by the combination of low
power delivery at the lower operating frequency in conjunction with resonant
impedance transformation. The coupling capacitor 32 of the above-described
embodiment may be omitted. Referring, then, to Figure 6A, the capacitance Cc of the
feeder between the generator unit 10 and the active and return electrodes 16A, 16B is
typically in the region of 300pF. This typically sets the low frequency source
impedance as seen at the electrodes 16A, 16B to a value below 10 kilohms. At
300kHz, 300pF represents an impedance of 1.77 kilohms. To achieve similar steady
state limiting as with the coupling capacitor embodiment described above, the
impedance may be converted to a value above 100 kilohms, typically 250 kilohms, by
use of a matching inductor 80 (see Figure 1 as well as Figure 6A) which forms a
resonant circuit with the feeder capacitance Cc at the lower operating frequency, it
being understood that in this case, capacitor 32 is omitted. At 300kHz, the value of the
matching inductance required to match out the 300pF capacitance Cc of the feeder is
about 800WH. The Q of the resonant circuit is preferably greater than 100 and typically
greater than 140. This yields a source impedance of about 250kilohms and has a
similar effect on current delivery as that produced by the coupling capacitor 32 of the
previous embodiment. Power delivery at the lower operating frequency is limited to
20W or less, typically less than 5W, by a series impedance 84 in the low frequency part
of the generator unit upstream of the combiner 24 (see Figure 1). Again, only a low
power low frequency driver is necessary. Potentially, the peak energy associated with
arc initiation is higher in this embodiment due to shunt capacitance Cc of the feeder
being directly coupled to the electrodes 16A, 16B, with the result that the arc pathway
has a lower impedance. To maintain the operating frequency of the lower frequency
component at or near the resonant frequency of the combination of the cable
capacitance CC and the inductance 80, the 300kHz synthesiser 20 is configured to track
the resonance of the resonant circuit by self-tuning oscillation, as disclosed in
GB2214430A, or by means of a closed loop control system using current and voltage
phase relationships to alter frequency, as disclosed in EP0949886A. The contents of
these applications are incorporated in the disclosure of the present application by

reference. Other methods of achieving frequency tracking are known in the art.
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The rapidity with which arc strikes can be initiated using the resonant circuit technique
of lower frequency current limiting may be increased by modulating the 300kHz
synthesiser output. For instance, if the output of this synthesiser is pulse modulated
with a 50% duty cycle, the driving impedance of the r.f. source into the resonant
network (inductor 80 and the feeder capacitance Cc) may be halved, since the average
low frequency current compared with continuous delivery at the higher drive impedance
is maintained. Consequently, the low frequency output voltage is correspondingly
higher than required to initiate arcing, with the effect that an arcing voltage is reached
more quickly. Limiting of the voltage may be performed by a voltage clamp shown in
Figure 1 by element 86 using either zener diodes, varistors, or a variable active clamp
such as well known in the art. The modulation duty cycle is preferably greater than
10% to reduce the likelihood of the maximum peak current reaching a value liable to
cause the peak voltage developed between the patient and the ground to rise above

300V.

The series impedance 84 and resonating inductor 80 may be used in conjunction with

the coupling capacitor in the electrode assembly, as shown in Figure 6B.
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CLAIMS

1. An electrosurgery system for electrosurgically cutting or vaporising living
tissue, comprising an electrosurgical generator and an electrode assembly having at
least one treatment electrode and an adjacent return electrode, wherein the generator
and the assembly are arranged to deliver to the treatment and return electrodes radio
frequency (r.f.) energy simultaneously at at least two frequencies, one of which is in a
lower frequency range of from 50kHz to S0MHz and the other of which is greater than
300MHz, the r.f. current delivered in the lower frequency range being limited such that
the current-to-frequency ratio of energy delivered in the lower frequency range remains

below a value of 17mA rms per 100kHz.

2. A system according to claim 1, arranged to deliver the said r.f. energy to the
electrode assembly at both of the two frequencies along a single feeder between the

generator and the electrodes.

3. A system according to claim 1, comprising a generator unit having a pair of r.f.
output terminals, an electrosurgical instrument which includes a handpiece, a shaft
mounted in the handpiece and the electrode assembly located at a distal end of the
shaft, and a feeder cable arranged to connect the generator unit output terminals to the
handpiece, wherein the instrument includes a current limiting capacitor connected in
series between the feeder cable and the treatment electrode for limiting the current at

the lower frequency to the said current range.

4, A system according to claim 3, wherein the capacitor is located at the distal
end of the shaft.
5. A system according to claim 4, wherein the shaft comprises at least a pair of

supply conductors for delivering the r.f. energy to the electrode assembly, and wherein
the capacitor is formed as the coaxial combination of an elongate inner conductor, a
tubular heat-resistant dielectric tube around the inner conductor, and a tubular outer

conductor around the dielectric tube, one of the said inner and outer conductors of the
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combination being connected to one of the supply conductors of the shaft and the other

being connected to the treatment electrode.

6. A system according to claim 5, wherein the treatment electrode is

monolithically integral with the capacitor inner conductor.

7. A system according to any of claims 3 to 6, wherein the capacitor has a value
of 5pF or less.
8. A system according to claim 3, wherein the capacitor is located in the

handpiece and has a value in the range of from 20pF to 100pF.

9. A system according to claim 1 or claim 2, comprising a generator unit having a
pair of output terminals, an electrosurgical instrument which includes a handpiece, a
shaft mounted in the handpiece, and the electrode assembly located at the distal end of
the shaft, and a feeder cable arranged to connect the generator unit output terminals to
the handpiece, wherein the system includes a low frequency source to generate r.f.
energy in the said lower frequency range, and a current limiting impedance coupled in

series between the low frequency source and the feeder cable.

10. A system according to claim 9, wherein the current limiting impedance is a

capacitor the value of the which is in the range of from 300pF to 1nF.

11. A system according to any preceding claim, including a balun associated with
the electrode assembly, the balun being configured to operate at the said frequency
greater than 300MHz.

12. A system according to claim 1 or claim 2, having a handheld electrosurgical
instrument which includes an elongate shaft mounted in the handpiece, and the

electrode assembly located at a distal end of the shaft wherein:
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the shaft comprises at least a pair of supply conductors forming a coaxial
feeder structure for delivering electrosurgical r.f.. energy from the generator to the
electrode assembly;

the treatment electrode is electrically coupled to an inner supply conductor of
the shaft;

the return electrode is electrically coupled to an outer supply conductor of the
shaft and is set back from the treatment electrode;

the shaft carries a balun adjacent the electrode assembly, the balun being
electrically coupled to the outer supply conductor; and

the shaft, the return electrode and the balun are covered in an insulative

material.

13. A system according to claim 12, wherein the electrode assembly includes a
current limiting capacitor in series between the inner supply conductor and the
treatment electrode for limiting the current supplied to the electrodes at the lower

frequency such that the said ratio remains within the said range.

14. A system according to claim 1, wherein the source impedance at the treatment
electrode at an operating frequency in the lower frequency range is greater than 100

kilohm.

15. A system according to claim 1, wherein the current at an operating frequency
in the lower frequency range is limited by means for increasing the source impedance at

that frequency.

16. A system according to claim 15, wherein the current limiting means comprises

a capacitance in series with the treatment electrode.

17. A system according to claim 16, wherein the current limiting means comprises

a resonant impedance converter associated with an output of the generator.
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18. A system according to claim 17, wherein the impedance converter comprises a
parallel resonant circuit.
19. A system according to claim 17, including a coaxial feeder between the

generator output and the electrode assembly, and wherein the impedance converter
comprises an inductance associated with the generator output which resonates with the

capacitance of the feeder at the operating frequency in the lower frequency range.

20. A system according to claim 19, wherein the generator is arranged such that the

r.f. energy in the lower frequency range is pulse modulated.

21. A system according to claim 20, wherein the pulse duty cycle is at least 10%.

22. A system according to any preceding claim arranged such that the peak voltage

in the lower frequency range when in a cutting/vaporisation mode is in excess of 500V.

23. A system according to any preceding claim, wherein the energy in the said

lower frequency range is delivered at a frequency of 100kHz or higher.

24. A system according to any preceding claim, wherein the energy in the said

lower frequency range is delivered at a frequency of SMHz or below.

25. A system according to any preceding claim, wherein the r.f. current delivered

in the lower frequency range remains below S0mA rms.

26. A method of operating an electrosurgical tissue cutting or vaporising system
using an electrosurgical instrument having an active electrode and an adjacent return
electrode, wherein the method comprises supplying to the electrodes radio frequency
energy simultaneously at at least two frequencies, one of which is in a lower frequency
range of 50kHz to 50MHz and the other of which is greater than 300MHz, the current

in the lower frequency range whilst the instrument is set to operate in a tissue cutting or



10

15

20

25

30

WO 02/19932 PCT/GB01/03939
18
vaporising mode being such that the current-to-frequency ratio of energy delivered in

the lower frequency range remains below a value of 17mA rms per 100kHz.

27. A  method according to claim 26, including maintaining the
current-to-frequency ratio below the said value by driving the active electrode from a
source impedance which is between 100kilohm and 500kilohm at the operating

frequency in the lower frequency range.

28. A method according to claim 26 or claim 27, wherein the tissue cutting or
vaporising mode is characterised by a peak voltage in the lower frequency range

between 500V and 2000V.

29. A method of electrosurgically treating tissue using an electrosurgical
instrument having an active electrode and an adjacent return electrode, comprising
successively (a) cutting or vaporising tissue, and (b) coagulating tissue, wherein both
steps (a) and (b) are performed by delivering radio frequency energy to the electrodes at
a frequency greater than 300MHz, and wherein step (a) is characterised by
simultaneously supplying r.f. energy at a frequency within a lower frequency range of
from 50kHz to 50MHz, the r.m.s. current in the lower frequency range being limited to
a value such that the current-to-frequency ratio of energy delivered in the lower

frequency range remains below 17mA rms per 100kHz.

30. A method according to claim 29, wherein the r.f. energy delivered in the lower
frequency range is pulsed, and the current-to-frequency ratio of energy delivered within
each r.f pulse burst in the lower frequency range remains below the said

current-to-frequency ratio value.

31. A system according to claim 30, wherein the r.f. current in the lower frequency

range during the pulse bursts remains below 50mA rms.

32. A method of electrosurgically cutting or vaporising tissue using an

electrosurgery system which comprises an electrosurgical generator and an electrode
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assembly having at least a treatment electrode and an adjacent return electrode, wherein
the method comprises bringing the treatment electrode to a position on’ or adjacent the
tissue to be cut or vaporised, applying to the electrodes a first radio frequency (r.f.)
signal component at at least one frequency in the range of from 50kHz to S0MHz to
establish an arc between the treatment electrode and the tissue, and simultaneously
applying to the electrodes a second r.f. signal component at at least one second
frequency which is greater than 300MHz to cause a current at the second frequency to
flow along the arc established by the first r.f. signal component, the level of the average
current above 300MHz being at least on order of magnitude greater than the average
current in the frequency range of from 50kHz to 50MHz during a cutting or

vaporisation operation.

33. A method according to claim 32, wherein the average current in the frequency
range of from 50kHz to SOMHz is small enough to have no clinical effect or negligible

clinical effect on the patient in the absence of the second r.£. signal component.
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