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FIG. 2

(57) Abstract: An electrosurgical mnstrument with a radiating tip portion having a relative pe

rmeability and/or relative permittivity that

1s selected to provide an electrical length for the radiating tip portion that enables effective delivery mto biological tissue of microwave

EM energy supplied thereto, at two or more frequencies of choice. The mnstrument has a

radiating tip portion disposed to receive

microwave EM energy from a coaxial cable, the radiating tip portion having a first effective relative permeability at a first frequency

and a second effective relative permeability at a second frequency.
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ELECTROSURGICAL INSTRUMENT

TECHNICAL FI.

LD

L

The present application relates to an electrosurgica.

instrument for delivering electromagnetic (EM) energy into

biological tissue at multiple frequencies.

BACKGROUND TO TH:

L]

INVENTION

FElectrosurgical i1nstruments and apparatus for supplying

EM energy to body tissue are known.

Typically, apparatus for delivering EM energy to body

tlssue comprises a generator comprising a source of EM enerqgy,
and an electrosurgical i1nstrument connected to the generator,

for delivering the energy to tissue.

EM energy, and in particular microwave and radio-
frequency (RF) energy, have been found to be useful in

electrosurgical operations, for their ability to cut,

coagulate, and ablate body tissue.
Furthermore, 1t 1s known to use microwave emitting probes

to treat various conditions 1n the lungs. For example,

microwave radiation can be used to treat asthma and ablate

tumours or lesions 1n the lungs.

SUMMARY OF TH.

L]

INVENTION

Different frequencies of microwave EM energy penetrate

into biological tissue to different depths. Moreover, the

application of higher frequencies of EM energy to biological
tissue generally results 1n faster, more localised heating
than lower frequencies. 1In effect, there 1s a trade-off
between depth/volume of treatment (improved at low microwave
frequencies) and speed of treatment (1mproved at high
microwave frequencies).

The normal mechanism by which energy i1s transferred into

biological tissue at microwave frequencies 1s dielectric

heating, where the microwave EM energy drives molecular

oscillations in the tissue. However, biological tissue

adjacent to the dielectric heating zone also typically
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experiences a rise 1n temperature. The mechanism for this 1is
conduction, 1.e. heat energy dissipating outwards from the
dielectric heating zone. The 1nventors have observed that a

combination of these two heating mechanisms at two or more

microwave freqgquencies can enable microwave EM energy to create
a rapid rise 1n temperature 1n a larger treatment zone than 1s
typically associated with single frequencies of microwave
energy. Moreover, heating can be achieved 1n a shorter time

frame than 1s possible 1f lower freqguency (1.e. non-microwave)

EM energy 1s used.

The 1nventors have also found that the use of two or more

frequencies enables EM energy delivered by an electrosurgical
instrument to be adapted to reflect changes in physical and

dielectric properties of biological tissue caused by heating.

In particular, changes i1in dielectric properties can affect a
relative impedance match between an electrosurgical instrument
and tissue into which 1t 1s 1nserted. They have found that
the efficiency of energy delivery to biological tissue may be
maximised by provided an 1nitial treatment period at a higher
microwave frequency followed by a subseqguent treatment period

at a lower microwave frequency.

By providing an instrument capable of delivering energy

to tissue at two or more microwave frequencies, the inventors

have been able to heat large volumes of tissue comparatively
quickly.
At 1ts most general, the present 1nvention provides an

electrosurgical instrument with a radiating tip portion having

a relative permeability and/or relative permittivity that is
selected to provide an electrical length for the radiating tip

portion that enables effective delivery 1nto biological tissue

of microwave EM energy supplied thereto, at two or more

frequencies of choice.

References herein to relative permeability mean relative

magnetic permeability (U,), 1.e. the ratio of the magnetic

permeability of the medium i1n question (¢), to the magnetic

permeability of free space/vacuum (ly). Hence, relative

permeabllity 1s a dimensionless measure of magnetic

permeability relative to free space.

References herein to relative permittivity mean relative

electric permittivity (&), 1.e. a ratio of the electric
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permittivity of the medium in gquestion (&), to the electric

permittivity of free space (&). Hence, relative permittivity
15 a dimensionless measure of electric permittivity relative
to free space.

References herein to electrical length means the length

of the radiating tip ‘seen’ by the EM energy, 1.e. the

effective length of the radiating tip 1n which the EM energy

oscillates/resonates.

In a first aspect, the present 1nvention provides an

electrosurgical instrument for delivering microwave

electromagnetic (EM) energy into biological tissue, the

instrument comprising: a coaxial cable for conveyling microwave

EM energy at a first frequency and a second frequency, the
second frequency being higher than the first frequency; and a

radiating tip portion disposed at a distal end of the coaxial

cable to receive microwave EM energy from the coaxial cable,

the radiating tip portion having a first effective relative

permeability at the first frequency and a second effective

relative permeability at the second freguency, wherein the

first effective relative permeability and the second effective

relative permeability are selected to cause an electrical

length of the radiating tip portion to support resonance and

the first frequency and the second frequency respectively.
The radiating tip portion may i1nclude a magnetically-

sensitive material, e.g. a ferromagnetic material, whose

propertles are selected to cause the value of the effective

relative permeability to have different values at the first

frequency and the second frequency. In particular, 1t 1s
known for ferromagnetic materials to exhibit a significant

variation in relative permeability with frequency across the

microwave range (e.g. 1in the range 200 MHz to 2 GHz).
nxamples are disclosed in US 2013/0292602 Al. Normally these

variations are undesirable, and therefore lie outside the
intended operating frequencies of such materials. However, 1in
the present invention, this variation i1s used to enable the
same physical structure to resonate at different microwave
frequencies.

An external biasing magnetic field may be applied to the

instrument to cause the magnetically-sensitive material

provide a desired relative permeability wvalue. The magnetic
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field may be provided by a inductive coil within the radiating
tip portion, or may be applied from a separate source outside
the instrument. In some examples, the magnetically sensitive
material may be a self-magnetising ferrite.

In this specification “microwave” may be used broadly to
indicate a frequency range of 400 MHz to 100 GHz, but
preferably the range 400 MHz to 10 GHz. Specific frequencies
that have been considered are: 433 MHz, 915 MHz, 2Z2.45 GHz, 3.3
GHz, 5.8 GHz, 10 GHz, 14.5 GHz and 24 GHz.

References herein to a “conductor” or “conductive”
material herein are to be 1nterpreted as meaning electrically
conductive unless the context makes clear that another meaning
1s 1ntended.

References herein to an “Yaxial” direction refers to a

direction parallel to the longitudinal axis of the coaxial
cable.
References herein to the distal end of the coaxial cable

(and any other constituent part of the instrument) means an

Ea
<

end that 1s distal from a notional generator supplying the !

energy to the coaxial cable, 1.e. distal from an end of the

coaxial cable that 1s configured to receive EM energy from a

generator.

When resonance of EM energy 1s supported 1n the radiating

tip portion of an electrosurgical 1nstrument, more energy 1S

stored i1in the radiating tip portion, the reflection of energy
back down the coaxial cable (1.e. away from a treatment region
into which the radiating tip portion 1s 1nserted) 1s reduced,
and more of the energy 1s delivered to body tissue surrounding
the radiating tip portion. In other words, effective delivery

of energy 1nto body tissue 1s realised when resonance 1s

supported in the radiating tip portion.
For the purpose of the present application, resonance 1S
defined as a situation 1n which the power reflected at the

radilating tip portion (1.e. reflected power S; ;1 as measured at

a proximal end of the coaxial cable) 1s -10 dB, or better.

Preferably, the power reflected at the radiating tip portion

1s -12 dB, or better. More preferably, the power reflected at

the radiating tip portion 1s -15 dB, or better.

Hence, by supporting resonance at multiple microwave

frequencies, energy 1s effectively delivered to tissue, and a

large volume of tissue can be heated comparatively quickly.
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Tumours 1n the lungs can grow to be up to a few

centimetres 1n diameter. Given that sub-GHz frequencies of

microwave EM energy (i1.e. EM energy with frequencies from 300
MHz to 1 GHz) penetrate deepest 1nto tissue, one approach for
treating tumours of this size 1s to provide an instrument with
a radiating tip portion capable of supporting resonance at two

or more frequencies including a frequency in this range.

Using such an i1nstrument, microwave energy with large

penetration depths can be used to effectively heat and ablate

tumours of this size. However, as will become clear below, a

difficulty with supporting resonance of microwave energy at
sub-GHz frequencies, 1s that the radiating tip portion must
necessarily have a larger electrical length 1n the axial

direction. In conventional arrangements, this requirement

cyplically led to physically long instruments, which can be
difficult to manoeuvre 1n the body, and can make 1t difficult
target heating effects at specific regions of tissue, e.g. at
individual tumours 1n the lung.

In particular, 1f the radiating tip portion becomes too
long, manoeuvring 1t 1n percutaneous applications becomes very
challenging, and manoceuvring 1t 1n non-percutaneous
applications (1.e. where a lung tumour 1s to be accessed via a

natural alrway using a bronchoscope) becomes 1mpossible.

Resonance occurs when the electrical length of a cavity

1n which a wave oscillates 1s approximately equal to an
integer multiple of one half of the wavelength or an odd
integer multiple of a quarter-wavelength of the wave that
propagates 1n the cavity, thereby enabling a standing wave to
exlst with a displacement node or maximum at each end of the

cavity. For the radiating tip portion of an instrument to

support resonance, 1t must therefore have an electrical length

that substantially satisfies:

L__nﬂ L__nﬂ A
- N ETESTY

where n is a positive integer, and A is a wavelength of

microwave EM energy that propagates 1n the radiating tip

=]

portion at one of the two of more frequencies of microwave EM

energy. When the above equation 1s satisfied, a displacement
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node 1s established at each end of the cavity, and so a
(resonant) standing wave 1s established. 1In the present

invention, the radiating tip portion can be considered as a

cavity 1n which the EM energy oscillates, and so resonance

will be observed when the axial length of the radiating tip

portion approximately satisfies the above equation.

In practice, the length of the radiating tip portion may

have a length that differs from the length defined in the

equation above by up to 10%. Preferably, the length only
differs from the length defined above by up to 5%.

By factoring in the relationship between wavelength A4,

and frequency (f):

A__CO 1
f Vurer

where ¢y 1s the speed of light i1n vacuum, U, 1s relative

permeability, and &. 1s relative permittivity, we see that the

length L of the radiating tip portion must substantially
satisfy:

ncg 1 2Zn—1¢cy, 1

[ =—— or —
2f Virey I RV/TEN

For dielectric materials that are commonly used for the

radiating tip portion of medical 1nstruments, relative

permeability U, may be substantially constant at the relevant

treatment freqgquency.

By utilising knowledge of how the relative permeability

of a material i1n the radiating tip portion varies with
frequency, the present invention provides an instrument with a

radiating tip that has an effective relative permeability that

enables the radiating tip portion to have different electrical

lengths at different frequencies. Sultable selection of the

material can ensure that the radiating tip portion 1s a

resonant structure at different fregquencies. Resonance at
lower (e.g. sub-GHz) frequencies can be supported with a

physically shorter radiating tip portion by including such a

magnetic material. Low (e.g. sub-GHz) frequency EM energy can

therefore be effectively delivered to body tissue while
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maintalning manoeuvrability of the radiating tip portion 1in

the body, and enabling specific regions of tissue to be
targeted.
The principle behind the 1nvention 1s that resonance can

5 be achieved with same electrical length at (1) the first

frequency f; and first effective relative permeability pu,, and

(1i) the second frequency f, and second effective relative

permeabllity Uy, e.g9. as follows

ncy 1 n,cp, 1

2f1 VUr1Er B 2f2 \Vlr2&r

10

Assuming &, does not vary between the frequencies, this

expression simplifies to:

Hr1 _ (n1f2)2
Hy2 nyf4
15

In one example, the first effective relative permeability

may be equal to or greater than 5 for a first frequency equal
to of less than 500 MHz (e.g. 433 MHz). The first effective

relative permeability may be equal to or greater than 10. It

20 may be 20 or more at frequencies of 500 MHz or less. The

second effective relative permeability may be less than 5 for

a second freqgquency greater than 500 MHz (e.g. 915 MHz, or 2.45

GHz). The second effective relative permeability may be equal
to or less than 2. It may be equal to or less than 1.5.

25 In some embodiments, the frequency-dependence of the

relative permeability 1s selected so that the same order

resonances (1.e. resonances for which the corresponding

standing wave has the same value of n) are realized at two

frequencies of EM energy. For example, as the skilled person

30 will understand, by providing a radiating tip portion that

supports resonance of EM energy at 1 GHz, and for which the

relative permeability of the radiating tip portion at 500 MHz

1s four times 1ts relative permeability at 1 GHz, a resonance

of the same order will also be supported i1n the radiating tip

35 portion at 500 MHz (assuming a negligible wvariation 1in

relative permittivity &. of the radiating tip portion).

The coaxial cable may comprise an 1nner conductor, an

outer conductor, and a first dielectric material separating
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the 1nner conductor and the outer conductor. The radiating
tilp portion may comprise a second dielectric material
different from the first dielectric material of the coaxial
cable.

The second dielectric material may have a lower 1mpedance

than the first dielectric material at each of the two or more

frequencies of microwave EM energy. Moreover, the second

dielectric material may have an i1mpedance that lies between

the 1mpedance of the cable (typically 50 Q), and an 1mpedance
of the tissue 1nto which the tip 1s 1nserted (typically much
lower than 50 Q for body tissue). At certain lengths, the
radilating tip portion may then work as an impedance
transformer, as well as supporting resonance, 1n order to

further prevent reflection from the radiating tip portion, and

hence further promote delivery of energy into tissue.

In another aspect of the 1nvention, the same effect can
be achieved through wvariation in the effective relative
permittivity of the radiating tip section. According to this

aspect, there may be provided an electrosurgical 1nstrument

for delivering microwave electromagnetic (EM) energy 1into

biological tissue, the instrument comprising: a coaxial cable

for conveying microwave EM energy at a first frequency and a
second frequency, the second frequency being higher than the

first frequency; and a radiating tip portion disposed at a

distal end of the coaxial cable to receive microwave EM energy
from the coaxial cable, the radiating tip portion having a
first effective relative permittivity at the first frequency
and a second effective relative permittivity at the second
frequency, wherein the first effective relative permittivity

and the second effective relative permittivity are selected to

cause an electrical length of the radiating tip portion to
support resonance and the first fregquency and the second

frequency respectively. In other examples a combination of

variation in relative permeability and relative permittivity

may be used to provide the advantages of the invention.

As with relative permeability, the relative permittivity
of the radiating tip portion may be selected to help reduce
the length of the radiating top portion.

The relative permittivity may be 5 or more at each of the

two or more frequencies. Preferably, the relative

permittivity 1s 10 or more at each of the two or more



10

15

20

29

30

39

40

CA 03034969 2015-02-25

WO 2018/178244 PCT/EP2018/058092

9
frequencies. More preferably, the relative permittivity 1s 20
or more at each of the two or more frequencies. For example,

the second dielectric material may be Eccostock® HiK500F,
which has a relative permittivity of up to 30 at microwave
frequencies.

One of the two or more freqgquencies may be 800 MHz or

less. Preferably, one of the two or more frequencies may be

500 MHz or less. For example, the two or more freguencies may
include at least one of: 433 MHz and 915 MHz. These

frequencies of EM energy are known to produce particularly

desirable heating effects, especially for ablating tumours.
In order to further benefit from the fast tissue heating
effects provided by high microwave frequencies (i1n addition to

the deep tissue heating provided by sub-GHz frequencies), the

WO Or more frequencies may further i1nclude a frequency of 1
GHz or more. Preferably, the two or more frequencies further

include one or more of: 2.45 GHz, 5.8 GHz, and 14.5 GHz. M

energy at these frequencies 1s known to produce particularly

]

desirable heating effects, especially for ablating tumours.

Preferably, the radiating tip portion of the present
invention supports resonance over the largest possible range
of frequencies, 1n order to maximise penetration depth, and
minimise treatment time. It has been found that by designing
the radiating tip portion to support resonances at two or more
frequencies ranging from 500 MHz or lower, to 1 GHz or higher,
particularly fast treatment of large tumours, e.g. tumours up
to a few cm 1n diameter, can be achieved.

The i1nventors have also found that the freguencies
mentioned above can be combined to provide heating effects

that are effective in the treatment of haemorrhoids and/or

fistulas (1in addition to tumours), and so 1t 1s envisioned

that the present invention can further be used to treat

haemorrhoids and fistulas, which can also grow to large sizes.
In some embodiments, the two or more frequencies at which

resonance 1s supported may be dynamically adjustable by a

control of the relative permeability of the radiating tip

portion.

The relative permeability of the radiating tip portion

may be controllable by a magnetization (and/or

demagnetization) of the magnetic material. In particular, by
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10

changing the magnetization of the magnetic material (and hence

the ratio B/H), relative permeability is changed:

B

E — Holly

where B 1s magnetic flux density, and H 1s magnetic fiel

strength.

The magnetic material may be magnetized (and/or
demagnetized) by an electromagnetic coil/solenoid at the
radiating tip portion.

The radiating tip portion may comprise an elongate probe

extending distally away from the coaxial cable, the elongate

probe having a cylindrical shape with a diameter equal to or
less than a diameter of the coaxial cable.

The outer diameter of the radiating tip portion may be
substantially equal to the outer diameter of the coaxial
cable.

The distal end of the radiating tip portion may be
tapered to a point, so as to assist with percutaneous access
to body tissue. Moreover, 1t may taper to a sharp point.
Having a sharp/tapered end further helps with percutaneous
insertion 1nto the body.

Alternatively, the coaxial cable and radiating tip
portion may be dimensioned so as to enable non-percutaneous
access to body tissue, e.g. through a natural orifice/passage
in the body of a patient. In embodiments in which the
instrument 1s used non-percutaneously, the distal end of the

radiating tip portion may be rounded, 1.e. to prevent piercing

an airway or other natural passageway 1n the body down which
the 1Instrument 1s to be passed.

The coaxial cable and radiating tip portion may be
configured to be 1nsertable down an 1nstrument channel of a

bronchoscope or endoscope. In particular, the coaxial cable

will preferably be flexible in such embodiments, to assist
with insertion e.g. 1nto an airway.
The outer diameter of the radiating tip portion may be

substantially equal to the outer diameter of the coaxial

cable.

In some embodiments, the coaxial cable may have a hollow

lumen passing through 1t, 1.e. travelling parallel to the
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longitudinal axis of the coaxial cable. Such a hollow lumen
may be used for delivering and/or removing fluid from a space
surrounding the radiating tip portion.

In another aspect, there 1s provided an electrosurgical

apparatus for delivering microwave electromagnetic (EM) energy

into biological tissue, the apparatus comprising: a generator

arranged to generate microwave EM energy at two or more

different frequencies; and an electrosurgical instrument as

set out above, wherein the coaxial cable has a proximal end

connected to the generator to receive microwave EM energy
therefrom.

The generator may comprise two Or more separate microwave

sources for generating microwave EM energy at a respective one
of the two or more different frequencies. The generator may
further comprise a signal combiner arranged to convey each
signal to a common signal path that i1s connected to the
coaxial cable. The signal combiner may be a multiplexer. The
multiplexer may be operable as a switching unit for selecting
a signal to be conveyed on the common signal path.
Alternatively or additionally, the multiplexer may be operable
to convey two or more of the signals on the common signal path
1n a simultaneous or guasi-simultaneous manner. For example,

the multiplexer may be a time-domain multiplexer or a filter

multiplexer.

The apparatus may 1nclude a surgical scoping device (e.q.
bronchoscope or the 1like) having flexible instrument cord for
non—-invasive 1nsertion to a treatment site, wherein the
instrument cord i1ncludes an instrument channel, and wherein
the electrosurgical instrument 1s dimensioned to be 1nsertable

wlithin the i1nstrument channel.

=]

The generator may be operable to deliver microwave EM
energy at the two or more different frequenciles according to a
predetermined energy delivery profile. The energy delivery
profile may be selected according to a desired ablation depth,
and/or a desired ablation zone shape. In some embodiments,
the energy delivery profile may be selected based on a
measured property of energy reflected from the radiating tip
portion.

In one example, the generator may be operable under the

predetermined energy delivery profile to: deliver a first

signal during a first ablation period, the first signal
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comprises microwave EM energy having predominantly a first

frequency; and deliver a second signal during a second

]

ablation period, the second signal comprises microwave EM
energy having predominantly a second frequency, which 1s less
than the first frequency. The generator may switch or
alternate between the three periods. In particular, the

energy may be (rapidly) alternated between the three

frequencies. Alternatively, the energy may be supplied at the
three frequencies simultaneously. Where the generator
switches between the three periods, the second period may
follow the first period.

The first frequency may be either 2.45 GHz, 5.8 GHz, or
14.5 GHz. The second frequency may be either 433 MHz or 915
MHzZ.

The generator may further comprise additional ablation
periods, e.g. a third ablation period for delivering a third
signal with a frequency listed above and not used in the first

or second period.

By supplying the EM energy using one of the delivery
profiles outlined above, a large volume of tissue can be
heated comparatively quickly.

The generator may be configured to deliver pulses of

microwave energy 1n time with the breathing cycle of a

patient. Hence, energy can be supplied when lungs are

deflated, 1n order to provide a better relative 1mpedance
match between the coaxial cable, radiating tip portion, and
tilssue.

The generator may 1include a detector arranged to detect
reflected power received back from the coaxial cable, and may

be arranged to switch from one ablation period to the next

ablation period based on the detected reflected power.

L

BRI

L+l
T
-,

ESCRIPTION OF THE DRAWINGS

Examples of the present invention are discussed in detail

below with reference to the accompanying drawings, 1n which:
F1g. 1 1s a schematic diagram of an electrosurgical

apparatus that 1s an embodiment of the present invention; and

F1g. 2 1s a schematic cross—-sectional view through an

electrosurgical instrument that i1s an embodiment of the

invention.
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ESCRIPTION; FURTHER OPTIONS AND PREFERENC.

Fig. 1 1s a schematic diagram of an electrosurgical

apparatus 100 that 1s an embodiment of the invention. The

apparatus 100 1s operable to selectively supply EM energy

having a plurality of frequencies 1nto biological tissue at a

treatment site 1in a localised manner. The apparatus 100

comprises a generator 102 for generating EM energy having a
plurality of frequencies. The generator 102 has an output

port 120 to which 1s connected a coaxial cable 104. The

coaxial cable 104 conveys the EM energy away from the
generator 102 towards an electrosurgical instrument 118. 1In

this embodiment, the coaxial cable 104 1s i1nserted through an

instrument channel within an 1nsertion cable 106 of a
bronchoscope 114. The insertion cable 106 1s a flexible,
steerable shaft capable of non-invasive i1nsertion 1nto a
patient’s lungs. This embodiment therefore enables a non-
percutaneous 1nsertion of the instrument 118. However, 1in
other embodiments, the 1nstrument 118 may have a distal tip
configured for percutaneous insertion, 1.e. for accessing lung
tissue through an 1ncision made i1n the body of a patient. 1In

such an example, the 1nstrument may be 1nserted directly into

the tissue or via a suitable catheter.

The generator 102 comprises three separate microwave

sources 122Z2a, 122b, 122c. Each of the separate microwave
sources 122a, 122b, 122c generates a signal having a different

frequency. In this example, the frequencies are 433 MHz, 915

MHz and 5.8 GHz. Each of the separate microwave sources 122a,

122b, 122c¢c may 1nclude a corresponding power amplifier for

amplifying the respective signal to a power level suiltable for
use.
In some embodiments, the three sources may be i1ntegrated

into a single component, e.g. a GaN power device. The use of

a GaN power device, such as a GaN High Electron Mobility

Transistor (HEMT)-based device, can enable the generator set-
up to be miniaturised. On the other hand, the use of separate
sources enables the cost of the generator to be kept to a

minimum. Hence, the use of separate sources, or of a GaN

power device, can be selected based on application.
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The generator 102 1ncludes a multiplexer 124 connected to
receive an output signal from each of the separate microwave
sources 122a, 122b, 122c. The multiplexer 124 operates to
transfer the separate signals onto a common output path 125,
which 1s connected to the output port 120. The multiplexer
124 may switch between the outputs of the separate microwave

sources 122a, 122b, 122c, or may combine two or more of the

outputs so that they are transmitted simultaneously. The

multiplexer 124 may be operable as both a switch and a signal
combiner.

The generator 102 1ncludes a controller 126 operatively
connected to the multiplexer 124 and each of the separate
mlcrowave sources 122a, 122b, 122c. The controller 126 can

control operation of the generator 102 to output a desired

signal. As discussed below, a desired output signal may have
a predetermined format or profile, e.g. depending on the

nature (shape or size) of the treatment site. The controller

126 may operate to deliver EM energy according to one or more
delivery profiles. A user may be able to select a desired
profile from a plurality of stored profiles, e.g. via a user
interface 128 associated with the generator 102. For example,
the generator may be configured 1n a similar manner to

W02012/076844, which discloses an electrosurgical apparatus in

which RF and microwave energy are delivered to tissue down the

same 1nstrument, according to an energy delivery profile that
can be set and automatically controlled based on feedback
information.

The user 1nterface 128 may include a display 130 for
showing the selected profile and/or a stage or treatment or

properties of tissue being treated.

Where the multiplexer 124 operates as a switch unit,
generator 102 1s capable of switching the energy supplied to
the instrument between the three frequencies, according to a
desired energy delivery profile. For example, the switch may
first select the 2.45 GHz source, so that energy 1s delivered
at 2.45 GHz, then switch to the 915 MHz source, so that energy
1s delivered at 915 MHz, and then switch to the 5.8 GHz
source, so that energy 1s delivered at 5.8 GHz.

The multiplexer 124 may be a time-domain multiplexer. 1In

this case, the multiplexer can rapidly alternate the energy

supplied to the i1nstrument between the three frequencies,
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according to a desired energy delivery profile.
Alternatively, the multiplexer 124 may be a filter
multiplexer, whereby 1t can supply the three frequencies to
the instrument simultaneously, 1.e. according to an energy
delivery profile having a desired mixing ratio.

Hence, the energy delivery profile with which energy 1is

delivered can be controlled by a combination of controlling an

operational state of multiplexer 124 and the output of the

separate microwave sources 122a, 122b, 122c.
In some embodiments, the generator 102 may i1nclude one or
more reflected signal detectors arranged to measure reflected

power received back from the radiating tip of the 1Instrument

118. By comparing the reflected signal with a signal

delivered from the generator to the radiating tip portion, the

generator can determine dielectric properties of the material
(e.g. biological tissue) 1in contact with the i1nstrument 118.
The controller may be able to adjust operation of the
multiplexer 124 and the separate microwave sources 122Z2a, 122b,
122¢c based on the detected reflected power. The generator
102 may thus dynamically control energy delivery based on
detected dielectric properties of the tissue being treated.

In embodiments 1in which the i1nstrument 1i1ncludes a

solenoid for magnetizing and/or demagnetizing the radiating

tlp portion (see below), the controller may also be

operatively connected to solenoid power source 132.
Controller 126 can thereby control an output of the solenoid
power source 132, thereby powering up the solenoid by a
desired amount, 1.e. so as to magnetize or demagnetize the
magnetic material by a desired amount, and therefore change

the resonant frequencies of the radiating tip portion by a

desired amount.

F1g. 2 1s a cross-sectional view of the distal end of an
electrosurgical instrument 200 that 1s an embodiment of the
invention. The electrosurgical 1nstrument 200 comprises a
coaxial cable 202 that 1s connected at i1ts proximal end to a
electrosurgical generator (not shown) 1n order to convey
microwave energy. The coaxial cable 202 comprises an 1nner
conductor 2060, which 1s separated from an outer conductor 208

by a first dielectric material 210. The coaxial cable 202 1is

preferably a low loss for microwave energy. A choke (not

shown) may be provided on the coaxial cable to 1nhibit back
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propagation of microwave enerqgy reflected from the distal end
and therefore limit backward heating along the device.

The coaxial cable 202 terminates at 1ts distal end with a
radiating tip section 204. In this embodiment, the radiating
tip section 204 comprises a distal conductive section 212 of
the 1nner conductor 206 that extends bevyvond a distal end 209

of the outer conductor 208. The distal conductive section 217/

1s surrounded at 1s distal end by a dielectric tip 214 formed

from a second dielectric material, which 1s different from the
first dielectric material 210. The length of the dielectric
tip 214 1s shorter than the length of the distal conductive
section Z212. An 1ntermediate dielectric sleeve 216 surrounds
the distal conductive section 212 between the distal end of

the coaxial cable 202 and the proximal end of the dielectric

c1p 214. The 1ntermediate dielectric sleeve 216 1s formed
from a third dielectric material, which 1s different from the
first dielectric material 210 but which may be the same as the
second dielectric material 214.

In this embodiment, the coaxial cable 202 and radiating
tip section 204 have a outer sheath 218 formed over their
outermost surfaces. The outer sheath 218 may be formed from a
biocompatible material. The outer sheath 218 has a thickness
that 1s small enough to ensure that i1t does not significantly
interfere with the microwave energy radiated by the radiating

tip section 204 (1.e. radiating pattern and return loss). 1In

an embodiment, the sheath 1s made from PTFE, although other
materials are also appropriate.

The dielectric tip 214 may be arranged to alter the shape
of the radiated energy. The second dielectric material 1s

selected to attenuate the radiation from the antenna, which

results 1s a more spherical radiation pattern. To do this,

the second dielectric material preferably has a large

dielectric constant (relative permittivity &.). The dielectric
constant of the second dielectric material 1s preferably
chosen to enable the length of the dielectric tip 214 to be

minimised whilst still constituting a non—-negligible portion

of a wavelength of the microwave energy when 1t propagates
through the second dielectric material. It 1s desirable for
the dielectric tip to be as short as possible in order to

retain flexibility 1n the device, especially 1f the second

dielectric material 1s rigid. In an embodiment, the
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dielectric tip may have a length equal to or less than 2 mm.
The dielectric constant of the second dielectric material may
be greater than 80, and is preferably 100 or more. The second
dielectric material may be Ti0, (titanium dioxide).

The wavelength of radiation 1n a material becomes shorter
as the dielectric constant of the material increases.

Therefore a dielectric tip 214 with a greater dielectric

constant will have a greater effect on the radiation pattern.

The larger the dielectric constant, the smaller the dielectric

tip 214 can be while still having a substantial effect on the
shape of the radiation pattern. Using a dielectric tip 214
with a large dielectric constant means that the antenna can be
made small and so the instrument can remain flexible. For

example the dielectric constant 1n Ti0, 1s around 100. The

wavelength of microwave radiation having a frequency of 5.3

GHz 1s about 6 mm i1n Ti10, compared to around 36 mm 1n PTFE
(which may be the material used for the first and/or third
dielectric materials). A noticeable effect on the shape of the
radiation pattern can be produced in this arrangement with a
dielectric tip 214 of approximately 1 mm. As the dielectric
tip 214 1s short, 1t can be made from a rigid material whilst

sti1ll maintaining flexibility of the antenna as a whole.

The dielectric tip 214 may have any suitable distal
shape. In Fig. Z2 i1t has a dome shape, but this 1s not
necessarily essential. For example, 1t may be cylindrical,
conical, etc. However, a smooth dome shape may be preferred

because 1t increases the mobility of the antenna as it is

manoeuvred through small channels.
Meanwhile, the properties of the i1ntermediate dielectric

sleeve 210 are selectable to enable the radiating tip section

204 to efficiently deliver microwave EM energy at a plurality
of (e.g. at two or more) freqgquencies. In particular, the
intermediate dielectric sleeve 216 1s made from a material

chosen to be able to exhibit different value of relative

permeability y, at a first frequency and a second frequency

such that the electrical length of the radiating tip section

204 1s a resonant length at both the first freguency and the
second frequency.
In this example, the 1ntermediate dielectric sleeve 216

1s made from a ferrimagnetic material whose relative
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permeability g, 1s influenced by the presence of an external

(biasing) magnetic field. In this example, the radiating tip

section 204 1includes a conductive coil 220 that 1s arranged to

recelve a current via a suitable feed (not shown) in the

coaxial cable, e.g. from a solenoid 1n the generator. Current
in the coil 220 i1nduces a magnetic field across the
intermediate dielectric sleeve 216. It 1s known that the

relative permeability of ferrimagnetic material biased in this

way depends on frequency. For higher frequencies, typically

equal to or greater than 1 GHz, the relative permeability

cends to unity. However, for lower frequencies, 1t can be
higher, e.g. an order of magnitude higher 1n some cases.
With the arrangement show 1n Fig. 2, an effective

relative permeability of the radiating tip section 204 can be

controlled to have a first value u,, at a first frequency f; and
a second value pu,» at a second frequency f, such that the

electrical length L of the radiating tip section 204 satisfies

the relation:

ncy, 1 n,cop 1

2f1 VU1 Er B 2f2 V2 &

] —

Moreover, the biasing field from the coil 220 may be

controlled to enable the first frequency f; and the second

frequency f, to be varied.
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CLAIMS

1. An electrosurgical i1nstrument for delivering

microwave electromagnetic (EM) energy i1nto biological tissue,

the i1nstrument comprising:

a coaxial cable for conveyling microwave EM energy at a
first frequency and a second frequency, the second frequency
being higher than the first frequency; and

a radiliating tip portion disposed at a distal end of the

coaxial cable to receive microwave EM energy from the coaxial
cable, the radiating tip portion having a first effective

relative permeability at the first frequency and a second

effective relative permeability at the second frequency,

wherein the first effective relative permeability and the

second effective relative permeability are selected to cause

an electrical length of the radiating tip portion to support
resonance and the first frequency and the second frequency

respectively.

2 . The electrosurgical instrument according to claim 1,
wherein the radiating tip portion comprises a second
dielectric material different from a first dielectric material

of the coaxial cable.

3. The electrosurgical instrument according to claim Z,

wherein the second dielectric material i1is ferrimagnetic.

4, The electrosurgical instrument according to claim Z
or 3, wherein the radiating tip portion comprise an

magnetizing element for applying a magnetic bias field to the

second dielectric material.

0. The electrosurgical instrument according to claim 4,
wherein the magnetizing element 1s a electromagnetic coil

disposed around the second dielectric material.

0. The electrosurgical instrument according to claim 4
or 5, wherein the magnetizing element 1s controllable to

adjust the magnetic bias field.
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7. An electrosurgical 1nstrument for delivering

microwave electromagnetic (EM) energy i1nto biological tissue,

the i1instrument comprising:

a coaxial cable for conveyling microwave EM energy at a

first frequency and a second frequency, the second frequency
being higher than the first frequency; and

a radiating tip portion disposed at a distal end of the

coaxial cable to receive microwave EM energy from the coaxial

cable, the radiating tip portion having a first effective
relative permittivity at the first freguency and a second
effective relative permittivity at the second freqgquency,
whereln the first effective relative permittivity and the
second effective relative permittivity are selected to cause

an electrical length of the radiating tip portion to support

resonance and the first frequency and the second frequency

respectively.

3 . An electrosurgical apparatus for delivering

microwave electromagnetic (EM) energy into biological tissue,
the apparatus comprising:
an electrosurgical i1nstrument according to any preceding

claim; and

a generator arranged to generate microwave EM energy at
the first frequency and the second frequency,

wherein the coaxial cable has a proximal end connected to

the generator to receive microwave EM energy therefrom.

9. The electrosurgical apparatus of claim 8, including
a surgical scoping device having flexible instrument cord for

non—-invasive 1nsertion to a treatment site, wherein the

instrument cord i1ncludes an instrument channel, and wherein
the electrosurgical instrument i1s dimensioned to be 1insertable

wilithin the i1nstrument channel.
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