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ELECTROSURGICAL ABLATION INSTRUMENT

FIELD OF THE INVENTION

The invention relates to an electrosurgical instrument
for delivering radiofrequency and microwave energy to
biological tissue in order to ablate the target tissue. In
particular, the probe is configured to be insertable through a
channel of a surgical scoping device or catheter that can be
introduced to a treatment site in a non-invasive manner. The
probe may be arranged to ablate tissue, such as a tumour, cyst
or other lesion. The probe may be particularly suited for

treatment in the pancreas.

BACKGROUND TO THE INVENTION

The application of heat energy to biological tissue is
well known as an effective method of killing cells. For
example, the application of radiofrequency or microwave energy
can heat and thus ablate (destroy) biological tissue. This
method may in particular be used for the treatment of cancer.

A technique of treating tissue in the pancreas using
endoscopic ultrasound guided radiofrequency ablation is known
(Pai, M., et al.: Endoscopic ultrasound guided radiofrequency
ablation, for pancreatic cystic neoplasms and neuroendocrine
tumors, World J Gastrointest Surg 2015 April 27; 7(4): 52-59).
In this technique a conductive wire having a small diameter
(e.g. 0.33 mm) is inserted through the working channel of an
ultrasound-enabled endoscope. RF power is applied to the wire
in conjunction with an external grounded return pad in contact
with the patient’s skin to coagulate tissue in the liver and
pancreas. To ablate lesions it is necessary to apply power
for 90-120 seconds, and, in some cases to remove and

reposition the wire.

SUMMARY OF THE INVENTION

At its most general, the invention provides an
electrosurgical instrument having a microwave ablation antenna

dimensioned to be suitable for insertion into a pancreas via a
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surgical scoping device, to provide a rapid and accurate
alternative to known RF ablation techniques. Although the
invention may find particular use in the pancreas, it may also
be suitable for use in other awkward treatment sites, such as
the lungs, etc. The instrument structure disclosed herein
enables an ablation antenna to be provided with appropriate
length and rigidity for use in a variety of setting. The
length and rigidity of the ablation antenna described herein
may play an important role in the final application. For very
short lengths, the radiating tip portion discussed below may
be dielectrically or magnetically loaded by a combination of
high relative permittivity and permeability materials
respectively in order to maintain the electrical integrity or
performance. The length of the radiating tip portion may be
in the range from 5 mm to 80 mm.

By enabling tumours within the pancreas to be ablated
using a minimally invasive procedure can make viable the
option of ablation treatment for both curative as well as
palliative reasons.

According to the present invention, there may be provided
an electrosurgical instrument comprising: a flexible coaxial
cable configured to convey microwave energy; a radiating tip
portion configured for insertion into biological tissue
connected at a distal end of the coaxial cable and configured
to receive the microwave energy, wherein the radiating tip
portion comprises: a proximal coaxial transmission line for
conveying the microwave energy; and a distal needle tip
mounted at a distal end of the coaxial transmission line,
wherein the distal needle tip is configured to operate as a
half wavelength transformer to deliver the microwave energy
from the distal needle tip. In other words, the impedance of
the coaxial transmission line is 'seen' by the tissue rather
than the (smaller) impedance of the distal tip structure. The
physical length of the distal needle tip need not (indeed
probably will not) correspond to a half wavelength of the
microwave energy in free space, because the shape of distal
needle tip and its interaction with the proximal coaxial
transmission line can be selected to control the physical
length of the distal needle tip whilst enabling it to operate
electrically as a half wavelength transformer.
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An advantage of configuring the distal needle tip as a
half wavelength transformer is to minimise reflections at the
interface between components, e.g. between the coaxial cable
and proximal coaxial transmission line, and between the
proximal coaxial transmission line and the distal needle tip.
A reflection coefficient at the latter interface is typically
larger due to a larger variation in impedance. The half
wavelength configuration minimises these reflections so that
the dominant reflection coefficient becomes that of the
interface between the proximal coaxial transmission line and
the tissue. The impedance of the proximal coaxial
transmission line may be selected to be identical or close to
the expected tissue impedance to provides a good match at the
frequency of the microwave energy.

The radiating tip portion may comprise an intermediate
coaxial transmission line between the proximal coaxial
transmission line and the distal needle tip. The intermediate
coaxial transmission line may be formed from an overlap
between the distal needle tip and conductive components of the
proximal coaxial transmission line. The intermediate coaxial
transmission line may be provided with a higher dielectric
constant than the proximal coaxial transmission line to allow
for a smaller physical length whilst getting the required
electrical length (half wave). A distal portion of the distal
needle tip acts as an open-ended loaded monopole connected to
the intermediate coaxial transmission line. The distal needle
tip may also be considered as a single structure which ends in
an open-ended co-axial monopole to shape the ablation zone.

The proximal coaxial transmission line may comprise: an
inner conductor that extends from a distal end of the flexible
coaxial cable, the inner conductor being electrically
connected to an centre conductor of the flexible coaxial
cable; a proximal dielectric sleeve mounted around the inner
conductor; and a outer conductor mounted around the proximal
dielectric, wherein the distal needle tip comprises a distal
dielectric sleeve mounted around the inner conductor, and
wherein a distal portion of the outer conductor overlays a
proximal portion of the distal dielectric sleeve. The
intermediate coaxial transmission line may thus be formed by
the length of distal dielectric sleeve that is overlaid by the

outer conductor.
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The outer conductor is a conductive tube, e.g. formed
from nitinol, that exhibits longitudinal rigidity sufficient
to transmit a force capable of penetrating the duodenum wall.
Preferably the conductive tube also exhibits lateral flex
suitable to enable the instrument to travel through the
instrument channel of a surgical scoping device. The
radiating tip portion may be substantially rigid to permit
insertion into biological tissue.

The inner conductor may be formed from a material with
high conductivity, e.g. silver. The inner conductor may have
a diameter that is less than the diameter of the centre
conductor of the flexible coaxial cable. For example, the
diameter of the inner conductor may be 0.25 mm. The preferred
diameter takes into account that the dominant parameter that
determines loss (and heating) along the radiating tip portion
is the conductor loss, which is a function of the diameter of
the inner conductor. Other relevant parameters are the
dielectric constants of the distal and proximal dielectric
sleeves, and the diameter and material used for the outer
conductor.

The dimensions of the components of the proximal coaxial
transmission line may be chosen to provide it with an
impedance that is identical or close to the impedance of the
flexible coaxial cable (e.g. around 50 Q).

The radiating tip portion may be secured to the flexible
coaxial cable by a collar mounted over a junction
therebetween. The collar may be electrically conductive, e.g.
formed from brass. It may electrically connect the outer
conductor with an outer conductor of the flexible coaxial
cable.

The distal dielectric sleeve may have a bore formed
therethrough for receiving the inner conductor. The distal
needle tip may further comprise a tip element mounted at a
distal end of the distal dielectric sleeve to close the bore.
The tip element may be made from any of PEEK, epoxy, Macor,
alumina, glass, glass filled PEEK.

A distal end of the distal dielectric sleeve may be
sharpened, e.g. may taper to a point. This may facilitate
insertion of the instrument through the duodenal or gastric
wall into the pancreas.
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The distal dielectric sleeve may be made from a different
material to the proximal dielectric sleeve. The proximal
dielectric sleeve may be made from the same material as a
dielectric material of the flexible coaxial cable, e.g. PTFE
or the like. In contrast, the distal dielectric sleeve may be
made from any of ceramic, polyether ether ketone (PEEK),
glass-filled PEEK. This materials exhibit desirable rigidity
and are capable of being sharpened. It also allows for
controlling (e.g. reducing or optimising) the physical length
of the radiating tip portion whilst maintaining its electric
length.

The radiating tip portion may have a length equal to or
greater than 30 mm and preferably 40mm, but could be as long
as 100 mm. This length enables access to treatment regions at
all locations within the pancreas. The radiating tip portion
may have a maximum outer diameter equal to or less than 1.2
mm. This may reduce or minimise the penetration hole cause by
insertion of the instrument, so as not to cause an undue delay
in healing. Minimising the size of the penetration hole may
also avoid the undesirable situation of it healing open and
causing a fistula or unwanted channel between the GI tract and
the body cavity.

A microwave choke or balun may be fabricated on an outer
surface of the proximal coaxial transmission line. This can
assist in generating a more spherical field shape for the
microwave energy emitted at the distal needle tip. A
plurality of chokes may be arranged on the outer conductor.
They may be applied thereon after the coaxial transmission
line is formed. Each choke may have a length along the
coaxial transmission line that is a quarter wavelength of the
microwave energy. This is to convert a short circuit into an
open circuit a quarter wavelength away. This provides
isolation to prevent the propagation of surface currents back
down the outer surface of the needle. The effect of this is to
force energy out of the distal radiating portion. The chokes
may be loaded with a dielectric material having a higher
relative permittivity material to decrease physical length
whilst maintaining the required electrical length (quarter
wavelength) .

The location of said baluns may be such that they control

or help steer the ablation profile, e.g. the first balun may
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be placed 15 mm back from the distal radiating end of the
device to ensure that the ablation profile does not extend
back more than 15 mm from said location.

Also disclosed herein is an electrosurgical apparatus
comprising: a surgical scoping device having an instrument
cord configured to be insertable into a patient’s body,
wherein the instrument cord has an instrument channel formed
therethrough; and an electrosurgical instrument as discussed
above dimensioned to be insertable through the instrument
channel.

The term “surgical scoping device” may be used herein to
mean any surgical device provided with an insertion tube that
is a rigid or flexible (e.g. steerable) conduit that is
introduced into a patient’s body during an invasive procedure.
The insertion tube may include the instrument channel and an
optical channel (e.g. for transmitting light to illuminate
and/or capture images of a treatment site at the distal end of
the insertion tube. The instrument channel may have a
diameter suitable for receiving invasive surgical tools. The
diameter of the instrument channel may be 5 mm or less. 1In
embodiments of the invention, the surgical scoping device may
be an ultrasound-enabled endoscope.

Herein, the term “inner” means radially closer to the
centre (e.g. axis) of the instrument channel and/or coaxial
cable. The term “outer” means radially further from the centre
(axis) of the instrument channel and/or coaxial cable.

The term “conductive” is used herein to mean electrically
conductive, unless the context dictates otherwise.

Herein, the terms “proximal” and “distal” refer to the
ends of the elongate probe. In use, the proximal end is closer
to a generator for providing the RF and/or microwave energy,
whereas the distal end is further from the generator.

In this specification “microwave” may be used broadly to
indicate a frequency range of 400 MHz to 100 GHz, but
preferably the range 1 GHz to 60 GHz. Specific frequencies
that have been considered are: 915 MHz, 2.45 GHz, 3.3 GHz, 5.8
GHz, 10 GHz, 14.5 GHz and 24 GHz. The device may deliver

energy at more than one of these microwave frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS
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Embodiments of the invention are discussed below with
reference to the accompanying drawings, in which:

Fig. 1 is a schematic diagram showing an electrosurgical
ablation apparatus that is an embodiment of the invention;

Fig. 2 is a schematic sectional view through an
instrument cord of an endoscope that can be used with the
present invention;

Fig. 3A is an exploded perspective view of an
electrosurgical instrument that is an embodiment of the
invention;

Fig. 3B is a perspective view of the electrosurgical
instrument of Fig. 3A when assembled;

Fig. 4A is a cross-sectional view through a first example
electrosurgical instrument;

Fig. 4B is a simulated power density chart for the
instrument of Fig. 4A when operating at 5.8 GHz;

Fig. 4C is a simulated return loss graph for the
instrument of Fig. 4A;

Fig. 5A is a cross-sectional view through a second
example electrosurgical instrument;

Fig. 5B is a simulated power density chart for the
instrument of Fig. 5A when operating at 5.8 GHz;

Fig. 5C is a simulated return loss graph for the
instrument of Fig. 5A;

Fig. 6A is a cross-sectional view through a third example
electrosurgical instrument;

Fig. 6B is a simulated power density chart for the
instrument of Fig. 6A when operating at 5.8 GHz; and

Fig. 6C is a simulated return loss graph for the
instrument of Fig. 6A.

DETAILED DESCRIPTION; FURTHER OPTIONS AND PREFERENCES

Fig. 1 is a schematic diagram of an electrosurgical
ablation apparatus 100 that is capable of supplying microwave
energy and fluid, e.g. cooling fluid, to the distal end of an
invasive electrosurgical instrument. The system 100 comprises
a generator 102 for controllably supplying radiofrequency (RF)
and microwave energy. A suitable generator for this purpose
is described in WO 2012/076844, which is incorporated herein

by reference. The generator may be arranged to monitor
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reflected signals received back from the instrument in order
to determine an appropriate power level for delivery. For
example, the generator may be arranged to calculate an
impedance seen at the distal end of the instrument in order to
determine an optimal delivery power level.

The generator 102 is connected to an interface joint 106
by an interface cable 104. The interface joint 106 is also
connected via a fluid flow line 107 to a fluid delivery device
108, such as a syringe,. In some examples, the apparatus may
be arranged, additionally or alternatively, to aspirate fluid
from the treatment site. 1In this scenario, the fluid flow
line 107 may convey fluid away from the interface joint 106 to
a suitable collector (not shown). The aspiration mechanism
may be connected at a proximal end of the fluid flow line 107.

If needed, the interface joint 106 can house an
instrument control mechanism that is operable by sliding a
trigger, e.g. to control longitudinal (back and forth)
movement of one or more control wires or push rods (not
shown). If there is a plurality of control wires, there may
be multiple sliding triggers on the interface joint to provide
full control. The function of the interface joint 106 is to
combine the inputs from the generator 102, fluid delivery
device 108 and instrument control mechanism into a single
flexible shaft 112, which extends from the distal end of the
interface joint 106.

The flexible shaft 112 is insertable through the entire
length of an instrument (working) channel of a surgical
scoping device 114, which in embodiment of the present
invention may comprise an endoscopic ultrasound device.

The surgical scoping device 114 comprises a body 116
having a number of input ports and an output port from which
an instrument cord 120 extends. The instrument cord 120
comprises an outer jacket which surrounds a plurality of
lumens. The plurality of lumens convey various things from
the body 116 to a distal end of the instrument cord 120. One
of the plurality of lumens is the instrument channel discussed
above. Other lumens may include a channel for conveying
optical radiation, e.g. to provide illumination at the distal
end or to gather images from the distal end. The body 116 may
include a eye piece 122 for viewing the distal end.
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An endoscopic ultrasound device typically provide an
ultrasound transducer on a distal tip of the instrument cord,
beyond an exit aperture of the instrument channel. Signals
from the ultrasound transducer may be conveyed by a suitable
cable 126 back along the instrument cord to a processor 124,
which can generate images in a known manner. The instrument
channel may be shaped within the instrument cord to direct an
instrument exiting the instrument channel through the field of
view of the ultrasound system, to provide information about
the location of the instrument at the target site.

The flexible shaft 112 has a distal assembly 118 (not
drawn to scale in Fig. 1) that is shaped to pass through the
instrument channel of the surgical scoping device 114 and
protrude (e.g. inside the patient) at the distal end of the
instrument cord.

The structure of the distal assembly 118 discussed below
may be particularly designed for use with an endoscopic
ultrasound (EUS) device, whereby the maximum outer diameter of
the distal end assembly 118 is equal to or less than 2.0 mm,
e.g. less than 1.9 mm (and more preferably less than 1.5 mm)
and the length of the flexible shaft can be equal to or
greater than 1.2 m.

The body 116 includes a power input port 128 for
connecting to the flexible shaft 112. As explained below, a
proximal portion of the flexible shaft may comprise a
conventional coaxial cable capable of conveying the
radiofrequency and microwave energy from the generator 102 to
the distal assembly 118. Coaxial cables that are physically
capable of fitting down the instrument channel of an EUS
device are available with the following outer diameters: 1.19
mm (0.047”), 1.35 mm (0.053”), 1.40 mm (0.055”), 1.60 mm
(0.063”), 1.78 mm (0.070”). Custom-sized coaxial cables (i.e.
made to order) may also be used.

As discussed above, it is desirable to be able to control
the position of at least the distal end of the instrument cord
120. The body 116 may include a control actuator that is
mechanically coupled to the distal end of the instrument cord
120 by one or more control wires (not shown), which extend
through the instrument cord 120. The control wires may travel
within the instrument channel or within their own dedicated

channels. The control actuator may be a lever or rotatable
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knob, or any other known catheter manipulation device. The
manipulation of the instrument cord 120 may be software-
assisted, e.g. using a virtual three-dimensional map assembled
from computer tomography (CT) images.

Fig. 2 is a view down the axis of the instrument cord
120. In this embodiment there are four lumens within the
instrument cord 120. The largest lumen is the instrument
channel 132. The other lumens comprise an ultrasound signal
channel 134 and an illumination channel 136, and a camera
channel 138 but the invention is not limited to this
configuration. For example, there may be other lumens, e.g.
for control wires or fluid delivery or suction.

In one embodiment, the invention may provide an
instrument that can perform tissue ablation at the distal end
of an EUS system catheter. In order for side effects to be
reduced and the efficiency of the instrument to be maximised,
the transmitting antenna should be located as close to the
target tissue as possible. Ideally, the radiating part of the
instrument is located inside (e.g. at the centre of) the
tumour during treatment.

The invention may be particularly suited for treatment of
the pancreas. In order to reach the target site, the
instrument will need to be guided through the mouth, stomach
and duodenum. The instrument is arranged to access the
pancreas by passing through the wall of the duodenum. This
procedure places significant restrictions on the size of the
instrument that may pass into the pancreas. Conventionally,
instruments having an outer diameter no larger than 1 mm (e.g.
19 gauge) have been used.

The description below presents an antenna configurations
that are suitable for use in the distal assembly 118
described.

In the following description, unless stated otherwise,
the length of a component refers to its dimension in the
direction parallel to the longitudinal axis of the coaxial
cable/instrument cord.

Fig. 3A is an exploded perspective view of an
electrosurgical instrument 200 that is an embodiment of the
invention. Fig. 3B shows the electrosurgical instrument 200
after assembly. The electrosurgical instrument comprises a

coaxial cable 202 having a radiating tip structure 201 (e.g.
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an ablation antenna structure) mounted on a distal end
thereof. The coaxial cable 202 may be a conventional flexible
50 Q coaxial cable suitable for travelling through the
instrument channel of a surgical scoping device. In one
example the coaxial cable 202 is a Huber and Suhner Sucoform
86 coaxial cable, but the invention is not limited to a
coaxial cable of this size.

The radiating tip structure comprises a coaxial
transmission line have a needle-like radiating tip mounted at
its distal end. The coaxial transmission line comprise an
inner conductor 204 which is electrically connected to an
centre conductor (not shown) of the coaxial cable 202. 1In
some examples, the inner conductor 204 may be a continuation
of the centre conductor of the coaxial cable 202, i.e. a
portion thereof that protrudes from a distal end of the cable.
However, typically the outer diameter of such conductors is
too large to be suitable for use in the present invention, so
a separate thinner conductor may be used. The inner conductor
204 may be formed from silver or other highly conductive
material.

The inner conductor 204 is surrounded along a proximal
portion thereof (which may correspond to the coaxial
transmission line) by a proximal dielectric sleeve 206, which
may be a tube or PTFE or the like. The proximal dielectric
sleeve 206 terminates before a distal end of the inner
conductor 204. A distal dielectric sleeve 208 is mounted over
a distal portion of the inner conductor 204 to form the
radiating tip. The distal dielectric sleeve 208 may be formed
from a hard insulating material that can be sharpened at its
distal end to be suitable for insertion into biological
tissue. For example, the distal dielectric sleeve 208 may be
a ceramic (e.g. alumina), polyether ether ketone (PEEK), or a
blend thereof, e.g. glass-filled PEEK.

The coaxial transmission line is completed by a outer
conductor 210 mounted around the proximal dielectric sleeve
206. The outer conductor 210 is preferably a rigid tube, e.g.
of metal or other suitable conductive material. The tube is
configured to have longitudinal rigidity sufficient to
transmit a force capable of penetrating the duodenum wall,
whilst also exhibiting suitable lateral flex to enable the

instrument to travel through the instrument channel of a
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surgical scoping device. It has been found that nitinol
exhibit appropriate behaviour, but other materials may also be
used, e.g. stainless steel or the like. The length of the
outer conductor 210 is chosen so that is extends beyond a
distal end of the proximal dielectric sleeve 206. In other
words, the junction between the proximal dielectric sleeve 206
and the distal dielectric sleeve 208 is located within the
outer conductor 210. There is therefore an intermediate
coaxial transmission line formed by the inner conductor 204,
distal dielectric sleeve 208 and outer conductor 210 in a
region proximal to the exposed needle-like distal dielectric
sleeve 208. The length of the intermediate coaxial
transmission line may be selected to improve the impedance
match along the instrument.

The proximal dielectric sleeve 206 and the distal
dielectric sleeve 208 may be formed as tubes that slide over
the inner conductor 204. At the distalmost end of the
instrument, an insulating tip element 214 may be mounted to
close a distal end of the distal dielectric sleeve 208, e.g.
to close a bore formed therein for receiving the inner
conductor 204. The tip element 214 and/or the distal end of
the distal dielectric sleeve 208 may be sharpened, e.g. to
form a needle-like structure for insertion into biological
tissue. The tip element 214 may be made from the same
material as the distal dielectric sleeve 208, e.g. PEEK or the
like. However, other insulating materials may be used, e.g.
epoxy, Macor, alumina, glass, glass filled PEEK, etc.

The radiating tip portion 201 is secured to the distal
end of the coaxial cable 202 by a collar 212. The collar 212
may act as a radial crimp to secure the radiating tip portion
201 in place. The collar 212 is also arranged to electrically
connect the outer conductor of the coaxial cable to the outer
conductor 210 of the coaxial transmission line. The collar
212 is thus formed from a conductive material, e.g. brass or
the like.

The electrosurgical instrument 200 is configured for use
as an ablation antenna to emit microwave energy received along
the coaxial cable into biological tissue. The electrosurgical
instrument is designed in particular to be suitable for
insertion through an instrument channel of a surgical scoping

device (e.g. an endoscopic ultrasound (EUS) apparatus) to a
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treatment site. The treatment site may be the pancreas,
whereby an instrument cord of the surgical scoping device is
inserted into the duodenum, whereupon the electrosurgical
instrument 200 is extended to penetrate through the wall of
the duodenum into the pancreas to treatment.

The electrosurgical instrument may have several features
that render it suitable for use in this context. The rigid
portion of the instrument desirably has a length equal to or
greater than 40 mm with a maximum outer diameter of 1.2 mm.
This can ensure the needle is long enough to reach tumours
located within the pancreas, and can ensure that the
penetration hole is not too large, which can delay healing.

In one example, assembly of the instrument comprises
drilling a 0.3 mm hole into the centre conductor of the
coaxial cable 202. The inner conductor 204 (which may be a
needle element having an outer diameter of 0.25 mm) is then
inserted into th hole and secured with solder. The proximal
dielectric sleeve 206 (e.g. PTFE tubing) is pushed over the
inner conductor 204 taking care to eliminate any air gaps at
the connection. The distal dielectric sleeve 208 (e.g. PEEK
section) is then pushed onto the inner conductor 204 and
secured with a small amount of medical grade epoxy. The outer
conductor 210 (e.g. nitinol tube) is then be pushed over the
distal dielectric sleeve and proximal dielectric sleeve. The
collar 212 is placed over the junction between the outer
conductor 210 and coaxial cable 202 and secured with solder.
Finally the tip element (e.g. PEEK) is inserted into the
distal dielectric sleeve and secured with a small amount of

epoxy. Table 1 lists the component dimensions in this

example.

Component Length (mm) Outer diameter (mm)
Tip 214 1.5 0.8

Inner conductor 204 47 0.25

Coaxial cable 202 1500 2.1

Distal dielectric 208 11 0.8

Proximal dielectric 206 37 0.8

Outer conductor 210 41 1.01
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Collar 212 4 2.3

Table 1: Component dimensions

CST Microwave Studio was used to design and simulate the
instrument structure shown above, in three different
configurations.

A first configuration is shown in Fig. 4A. The device can
be separated into three sections: (i) a Huber and Suhner
Sucoform 86 coaxial cable (50 Q impedance) which is connected
to the radiating tip portion by a brass connector, (ii) a
radiating tip portion (48 Q impedance) which operates as a
half wavelength transformer to deliver energy into biological
tissue, and (iii) the exposed sharpened distal dielectric
sleeve at the distal end of the radiating tip portion is (39 Q
impedance) which is terminated at its distal end in the
intermediate coaxial transmission line mentioned above. 1In
the first configuration the distal dielectric sleeve is PEEK.
The intermediate coaxial transmission line adds capacitance
which alters the required length of the structures from their
theoretical values.

Fig. 4B shows return loss for the configuration of Fig.
4A. A match at 5.8GHz is achieved with a return loss of -
33.4dB, which equates to 99.95% of the power going into the
tumour.

Fig. 4C shows power loss density. 1In this example, the
power is spread over a 10 mm section which should produce a 10
mm ablation zone very quickly.

A second configuration is shown in Fig. 5A. In this
example, the distal dielectric sleeve is 30% glass-filled
PEEK, i.e. PEEK mixed with glass in a 70:30 ratio. The length
dimensions of the three section mentioned above are altered
accordingly.

Fig. 5B shows return loss for the configuration of Fig.
5A. A match at 5.8GHz is achieved with a return loss of -56.1
dB.

Fig. 5C shows power loss density. The profile is very
similar to that shown in Fig. 4C.

A third configuration is shown in Fig. 6A. In this

example, the distal dielectric sleeve is alumina, and the
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length dimensions of the three section mentioned above are
altered accordingly.

Fig. 5B shows return loss for the configuration of Fig.
5A. A match at 5.8GHz is achieved with a return loss of -34.0
dB.

Fig. 5C shows power loss density. The profile is very
similar to that shown in Fig. 4C.

Tip materials such as alumina and glass-filled PEEK can
are considered suitable for use even though they are more
lossy than PEEK. The small length of the tip element means
that the losses are not significant, and therefore the benefit
of their better mechanical properties, i.e. for penetrating
tissue, may make them suitable candidates.

In a development of the structure discussed above, it may
be desirable to avoid or reduce the ‘tail’ of the energy
profile that travels back along the outer conductor as shown
in Figs. 4C, 5C and 6C. This ‘tail’ may cause the radiating
tip portion to heat up, which may risk damaging the duodenum
or causing highly undesirable collateral damage to healthy
portions of the pancreas. It may thus be desirable for the
instrument to exhibit a more end-fired profile, e.g. more
spherical profile.

One way of achieving this may be to make the distalmost
tip less sharp. Doing this may affect the impedance seen at
the end of the device and therefore may require minor changes
to the length of the distal dielectric sleeve. Making the
distalmost tip less sharp may also make tissue insertion more
difficult or more risky.

Another way of reshaping the profile is to provide one or
more baluns or quarter wavelength chokes on the outer surface
of the outer conductor. The position and number of the baluns
will determine the resulting shape of the emitting power
density profile. The more BALUNs are present, the sharper the
profile will become. In one example, the baluns may be
applied to the outer conductor after the instrument is
assembled, e.g. by applying or affixing insulating material
(e.g. annular bands of an insulator) and overlying conductive
material on the outer conductor.

In use the instrument may emit microwave energy according
to an energy delivery profile controlled at the generator. In

one example, the microwave energy is delivered in discrete
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bursts or pulses. For example, microwave energy at 5.8 GHz
may be delivered at 60 W using a pulsed profile having a 25%
duty cycle, e.g. 1 second ON followed by 3 seconds OFF. 1In
another example, microwave energy at 5.8GHz may be delivered
at 1 kW using a pulsed profile having a 10% duty cycle, e.g.
200 microseconds ON, 1800 microseconds OFF. This latter
profile could be controlled to deliver between 100 J and 3 kJ
of energy over a treatment period.



