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AN RF AND/OR MICROWAVE ENERGY CONVEYING STRUCTURE, AND AN

INVASIVE ELECTROSURGICAL SCOPING DEVICE INCORPORATING THE SAME

FIELD OF THE INVENTION

The invention relates to an energy conveying structure
(e.g. waveguide or cable) for carrying radiofrequency (RF)
and/or microwave energy from an electrosurgical generator to
an electrosurgical instrument. In particular, the invention
concerns electrosurgical instruments that are used in invasive
procedures, e.g. introduced through an instrument channel of
an endoscope, laparoscope or the like. For example, the
invention may find particular use in natural orifice

transluminal endoscopic surgery (NOTES).

BACKGROUND TO THE INVENTION

Electrosurgical instruments are instruments that are used
to deliver radiofrequency and/or microwave frequency energy to
biological tissue, for purposes such as cutting biological
tissue or coagulating blood. Radiofrequency and/cor microwave
frequency energy is typically supplied to the electrosurgical
instrument using a cable. Conventional cables used for this
purpose have a coaxial transmission line structure comprising
a solid or multi-wire cylindrical inner conductor, a tubular
layer of dielectric material around the inner conductor, and a
tubular outer conductor around the dielectric material.

When operating many electrosurgical instruments it is
common to need to provide additional supplies or components
(e.g. control means) to the electrosurgical instrument, such
as a liquid or gas feed, liquids or gases, or guide- or pull-
wires for manipulating (for example opening/closing, rotating
or extending/ retracting) part(s) of the electrosurgical
instrument.

In order to provide these additional supplies or
components to the electrosurgical instrument, additional
structures have been provided together with the conventional
cable, such as additional tubes adjacent to the conventional
cable. TFor example, it is known to provide an additional tube

housing a pull-wire for the electrosurgical instrument
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alongside the conventional cable, and to house the
conventional cable and the tube housing the pull-wire within a
single protective jacket/casing.

Typically, the diameter of an instrument channel of a
scoping device (e.g. endoscope or laparoscope) 1s less than 3
mm, e.g. 2.8 mm. It is an ongoing challenge to provide both
sufficient power and the additional supplies or components
mentioned above in a compact enough form to fit within an
instrument channel whilst maintaining flexibility and

restricting power loss to acceptable (i.e. safe) levels.

SUMMARY OF THE INVENTION

At its most general, the present invention proposes to
incorporate an energy conveying structure for an
electrosurgical instrument into an insertion tube of a
surgical scoping device (e.g. endoscope, laparoscope or the
like). The insertion tube is the flexible conduit that is
introduced into a patient’s body during an invasive procedure.
Typically it includes an instrument channel and an optical
channel (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 may be the
same as found in conventional surgical scoping devices, e.g. 1
mm or more, preferably 1.4 mm or more, preferably 2.8 mm or
more, preferably 3.2 mm or more. The diameter is preferably
no more than 5 mm, e.g. in the range 1 to 5 mm, or 1.4 to 5
mm, or 2.8 to 5 mm, or 3.2 mm to 5 mm.

In the invention, the energy may thus be conveyed through
the insertion tube to an electrosurgical instrument
independently of any control line or feed line that runs to
the electrosurgical instrument through the instrument channel.
Accordingly, the invention may increase the space available
for additional supplies (e.g. fluid feeds) or components (e.g.
control wires) to be used with the electrosurgical instrument.
Moreover, the invention may reduce or eliminate the effect
that such additional supplies or components have on the
conveyed energy.

The invention may provide the energy conveying structure

around the instrument channel within the wall of the insertion
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tube itself, or as a liner (e.g. a detachable cover) for the
instrument channel, or as a combination of the two.

By providing the energy conveying structure outside the
instrument channel, the invention permits larger diameter
conductive (e.g. coaxial) structures to be used. These
structures may have a lower loss than conventional smaller
diameter cables, which in turn may enable more power to be
safely delivered to the electrosurgical instrument.

According to an aspect of the present invention there is
provided an energy conveying structure for invasive
electrosurgery, the energy conveying structure comprising a
coaxial layered structure having: an innermost insulating
layer; an inner conductive layer formed on the innermost
insulating layer; an outer conductive layer formed coaxially
with the inner conductive; and a dielectric layer separating
the inner conductive layer and the outer conductive layer,
wherein the inner conductive layer, the outer conductive layer
and the dielectric layer form a transmission line for
conveying radiofrequency (RF) and/or microwave energy, wherein
the coaxial layered structure is insertable in a flexible
insertion tube of an invasive surgical scoping device (e.g.
endoscope, laparoscope or the like), wherein the innermost
insulating layer is hollow to form an instrument channel for
the invasive surgical scoping device, wherein the energy
conveying structure includes: a first terminal that is
electrically connected to the inner conductive layer and which
extends through the innermost insulating layer into the
instrument channel; and a second terminal that is electrically
connected to the outer conductive layer and which extends
through the dielectric layer and innermost insulating layer
into the instrument channel.

The diameter of the instrument channel formed in the
innermost insulating layer is preferably 3 mm or less, e.g.
2.8 mm.

The energy conveying structure may include, e.g. at a
distal end thereof, a first terminal that is electrically
connected to the inner conductive layer and which extends
through the innermost insulating layer into the instrument
channel, and a second terminal that is electrically connected
to the outer conductive layer and which extends through the

dielectric layer and innermost insulating layer into the
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instrument channel. The first terminal and the second
terminal may be arranged to form electrical connection (e.g.
physically engage) corresponding contacts formed on an
electrosurgical instrument that is insertable in or through
the instrument channel. The first terminal and the second
terminal may be formed at the distal end of the inner

conductive layer and outer conductive layer respectively. The
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outer conductive layer may extend longitudinally further in a
distal direction than the inner conductive layer, whereby the
first terminal is located proximally from the second terminal.

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

The term “conductive” 1is used herein to mean electrically
conductive, unless the context dictates otherwise.

Herein, the terms “proximal” and “distal” refer to the
ends of the energy conveying structure further from and closer
to the treatment site respectively. Thus, in use the proximal
end is closer to a generator for providing the RF and/or
microwave energy, whereas the distal end is closer to the
treatment site, i.e. the patient.

An electrosurgical instrument may be any instrument, or
tool, which is used during surgery and which utilises RF or
microwave energy. Herein, radiofrequency (RF) may mean a
stable fixed frequency in the range 10 kHz to 300 MHz and
microwave energy may mean electromagnetic energy having a
stable fixed frequency in the range 300 MHz to 100 GHz. The RF
energy should have a frequency high enough to prevent the
energy from causing nerve stimulation and low enough to
prevent the energy from causing tissue blanching or
unnecessary thermal margin or damage to the tissue structure.
Preferred spot frequencies for the RF energy include any one
or more of: 100 kHz, 250 kHz, 400 kHz, 500 kHz, 1 MHz, 5 MHz.
Preferred spot frequencies for the microwave energy include
915 MHz, 2.45 GHz, 5.8 GHz, 14.5 GHz, 24 GH=z.

The instrument channel formed by the innermost insulating
layer may act as a conventional instrument channel, e.g. to
receive a catheter that conveys an electrosurgical instrument
to the distal end thereof. The catheter may be a hollow tube
for carrying other components needed in use of the
electrosurgical instrument, such as a gas or liquid feed, or a
pull-wire or other control means, can be fed up through the
inside of the catheter. By providing the energy conveying
structure in the wall of the instrument channel, the invention
may maximise the space available for these components.

The coaxial layered structure may form a liner that is

receivable in the flexible insertion tube of the surgical
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scoping device. In one embodiment, the outer conductive layer
and a portion of the dielectric layer may be formed directly
(e.g. permanently) on an inner surface of a longitudinal bore
through the flexible insertion tube. 1In this case, the liner
may comprise a coaxial structure comprising the innermost
layer, the inner conductive layer and another portion of the
dielectric layer. The liner may be insertable into the
longitudinal bore to fit snugly against the portion of the
dielectric layer formed therein. Thermal effects may be used
to contract and expand the liner to create a snug fit without
air gaps.

The liners discussed above may be single or multi-use.
An advantage of forming the energy conveying structure partly
in the flexible insertion tube and partly as a liner is that
is facilitates fabrication and assembly, especially in cases
where both conductive layers are covered (protected) during
assembly.

In another aspect of the invention, the energy conveying
structure may be fabricated as an integral part of the
flexible insertion tube, i.e. a permanent component of the
surgical scoping device.

The flexible insertion tube may include a stop flange at
its distal end, the stop flange having a projection that
overhangs the entrance to the instrument channel to limit the
extent to which the electrosurgical instrument can be pushed
out of the distal end. The flexible insertion tube may also
have a resilient seal mounted over the entrance to the
instrument channel. The resilient seal may comprise an
annular membrane that is deformable to admit the
electrosurgical instrument to pass out of the instrument
channel but to prevent the ingress of matter from the
treatment site back into the instrument channel.

The electrosurgical instrument may comprise a first
conductive element and a second conductive element at its
distal end, which together for a bipolar transmission
structure for delivering RF and/or microwave energy into
biological tissue at the treatment site. As discussed above,
it may be desirable to connect the energy conveying structure
to the electrosurgical instrument in order to convey RF and/or
microwave energy to the bipolar transmission structure. To

achieve this connection, the electrosurgical instrument may
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include a connection collar having a first contact for
connecting to the first terminal and a second contact for
connecting to the second terminal. The first contact and the
second contact may be electrically connected to the first
conductive element and the second conductive element
respectively.

The electrosurgical instrument may be introduced to the
distal end of the instrument channel via a catheter that is
fed through the instrument channel. The connection collar may
be mounted on the catheter, and may comprise a cylindrical
body having a diameter greater than the diameter of the
catheter. The outer surface of the cylindrical body may be in
close proximity (e.g. touching) the innermost layer of the
energy conveying structure, to ensure secure engagement
between the first contact and first terminal and between the
second contact and second terminal. The first terminal and
second terminal may project inwards from the innermost layer
slightly. The connection collar may include a shoulder for
abutting the stop flange to securely locate the collar in
position.

The electrosurgical instrument may include an extension
sleeve that extends axially away from the connection collar
towards the bipolar transmission structure at the distal end
of the electrosurgical instrument. In use, the extension
sleeve may thus protrude out of the end of the instrument
channel. The extension sleeve may comprise a tube of
dielectric material, and may carry conductive structures (e.g.
conductive rods or the like) which provide electrical
connection between the first contact and first conductive
element and between the second contact and second conductive
element respectively. The conductive structure may comprise a
short length of conventional coaxial cable.

If the electrosurgical instrument is arranged to receive
microwave energy from the energy conveying structure, it may
be desirable for the electrosurgical instrument to be
configured to match the impedance of the energy conveying
structure with the impedance of the electrosurgical instrument
at the frequency of microwave energy. This may be achieved by
selecting the geometry (e.g. sizes and/or shapes) of the first
and second terminals, the connection collar and the connection

between the conductive structure of the extension sleeve and
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the bipolar transmission structure, e.g. based on microwave
field simulations, experimental measurements, etc. Providing
an impedance match reduces or eliminates power reflections at
transition points between different geometries in the energy
conveying path, and thus may enable power to be delivered more
efficiently to the electrosurgical instrument. The conductive
structure in the extension sleeve may have an electrical
length of a multiple of half a wavelength of the microwave
energy to render it effectively invisible in any impedance
matching geometry.

If the electrosurgical instrument is arranged to receive
RF energy from the energy conveying structure, it may be
desirable to prevent voltage breakdown from occurring between
the inner conductive layer and outer conductive layer. This
may be achieved by using a material with a high breakdown
threshold (e.g. Kapton® polyimide tape) as the dielectric
layer. Alternatively, if the electrosurgical instrument is
arranged to receive both RF energy and microwave energy from
the energy conveying structure, it may be desirable to create
separate pathways for the RF energy and microwave energy,
because low loss dielectric material suitable for supporting
microwave energy propagation may not have a high enough
breakdown threshold to safely insulate conductors carrying RF
energy. Accordingly, the energy conveying structure may be
include an additional conductor which forms a first pole of an
RF-carrying bipolar transmission line, and wherein the inner
conductive layer and the outer conductive layer form a second
pole of the RF-carrying bipolar transmission line. For
example the additional conductor may be a conductive wire
carried within the instrument channel. 1In this arrangement,
the innermost insulating layer may be made of a material (e.g.
polyimide) with the required breakdown properties. Where an
additional conductor is provided to carry the RF energy, the
inner conductive layer and outer conductive layer of the
energy conveying structure may be electrically connected
(shorted) at the proximal end thereof.

The additional conductor positioned in the instrument
channel may be a conductive rod or tube used specifically for
this purpose. Alternatively, an additional component being
passed through the instrument channel may be function as the

additional conductor. For example, a tube used to supply
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liquid or gas to the electrosurgical instrument, or a housing
for a guide- or pull-wire may be formed of, or coated with, a
conducting material and may act as the additional conductor.

A generator may then be used to input a radiofrequency signal
into the cable using the outer conductive layer (or inner
conductive layer) and the additional conductor separately from
a microwave frequency signal, which is input to the inner
conductive layer and outer conductive layer. The
electrosurgical instrument may include a dedicated contact or
port for electrically connecting to the additional conductor.

With an arrangement such as this it may be necessary to
provide a configuration, such as a diplexer, at the distal end
of the energy conveying structure to prevent the higher
voltage radiofrequency signal from travelling back along the
inner conductive layer and outer conductive layer, and/or to
prevent the microwave signal from travelling back along the
additional conductor.

The dielectric layer may comprise a solid tube of
dielectric material or a tube of dielectric material having a
porous structure. Being a solid tube of dielectric material
may mean that the dielectric material is substantially
homogeneous. Having a porous structure may means that the
dielectric material is substantially inhomogeneous, with a
significant number or amount of air pockets or voids. For
example, a porous structure may mean a honeycomb structure, a
mesh structure, or a foam structure. The dielectric material
may comprise PTFE, or another low-loss microwave dielectric.
The dielectric material may comprise a tube with a wall
thickness of at least 0.2 mm, preferably at least 0.3 mm, more
preferably at least 0.4 mm, e.g. between 0.3 and 0.6 mm.

The inner conductive layer and/or the outer conductive
layer may comprise: a metal coating on the inside or outside
of a tube of material; a solid tube of metal positioned
against the inside or outside of a tube of material; or a
layer of braided conductive material embedded in a tube of
material. The inner conductive layer and/or the outer
conductive layer may comprise a silver coating. The inner
conductive layer and/or the outer conductive layer may have a
thickness of approximately 0.01 mm.

Instead of being projections, one or both of the first

terminal and the second terminal may comprise a recess, e.d.
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formed in the innermost insulating layer. The connection
collar (discussed above) for example formed in an end face of
the cable, for receiving a corresponding conductive protrusion
on an end face of the electrosurgical instrument.

In one configuration the energy conveying structure may
be fabricated as a plurality of layers, e.g. a hollow inner
tubular layer (the innermost layer); a layer of conductive
material on an outer surface of the hollow inner tubular layer
(inner conductive layer); a tube of dielectric material on an
outer surface of the conductive material (dielectric layer;
and a layer of conductive material on an outer surface of the
tube of the dielectric material (outer conductive layer). The
structure may, or may not, comprise air gaps between some or
all of these layers. An advantage of avoiding air gaps is
that losses in the cable may be minimised. In one example,
this structure could be manufactured by sequentially coating
each subsequent layer over the preceding (inner) layer.
Alternatively, this structure could be made by forming one or
more of the layers as a first part and one or more of the
layers as a second part, and then sliding one part inside of
the other. The hollow inner tubular layer preferably
comprises polyimide, but may be PTFE or other suitable
insulating material. The hollow inner tubular layer may have
a thickness of 0.lmm.

By providing an energy conveying structure within the
walls of an instrument channel of an invasive surgical scoping
apparatus, the invention may allow both electrosurgical and
non-electrosurgical instruments. In other words, the invasive
surgical scoping device may be operable in a conventional

(non-electrosurgical) manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of the invention as discussed in detail below
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic diagram of an electrosurgical
system for an invasive procedure in which an energy conveying
structure according to the invention can be used;

Fig. 2 is a cross-sectional view through an insertion

tube of an endoscope that i1s an embodiment of the invention;
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Fig. 3A is a cross-sectional view though a distal tip
portion of an endoscope that is an embodiment of the invention
with an electrosurgical instrument in an instrument channel
thereof;

Fig. 3B is a cross-sectional view of only the
electrosurgical instrument shown in Fig. 3A;

Fig. 3C is a cross-sectional view of only the distal tip
portion of the endoscope shown in Fig. 3A;

Fig. 4A is a schematic diagram showing energy conveying
liner for an endoscope that is an embodiment of the invention;

Fig. 4B is a schematic diagram showing another energy
conveying liner for an endoscope that is an embodiment of the
invention;

Fig. 5 is a schematic cross-sectional view of an
endoscopic insertion tube that has a coaxial energy conveying
structure integrally formed therein;

Fig. 6 is a graph showing how loss per meter along a
coaxial energy conveying structure varies with the thickness
of a dielectric wall separating coaxial inner and outer
conductors;

Fig. 7 is a graph showing how the useable area within a
hollow coaxial energy conveying structure varies a function of
outer diameter for different values of loss per metre; and

Figs. 8A, 8B and 8C shows schematic cross-sectional view
of three energy conveying liner geometries according to the
invention, each of which are suitable for mounting in the

instrument channel of an endoscope.

DETAILED DESCRIPTION; FURTHER OPTIONS AND PREFERENCES

Fig. 1 is a schematic view of an invasive electrosurgical
system 100 in which the present invention may be used. The
system 100 comprises an endoscope that has a main body 102 and
a flexible insertion tube 104 extending from the main body
102, which is suitable for insertion into the body to access
the treatment site. The insertion tube 104 houses various
channels, e.g. an instrument channel and an observation
channel. The observation channel may carry optical equipment
suitable for delivering an image of the treatment site to an
observation port 106. The instrument channel 104 may include

means for conveying radiofrequency (RF) and/or microwave
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energy. An electrosurgical generator 118 is connected to the
main body 102 via a cable 120 which carries the RF and/or
microwave energy into the main body 102 and is electrically
connected to the energy conveying means in the instrument
channel. This electrical connection may be provided by a “T”
connection between a coaxial cable from the generator and the
transmission line of the energy conveying structure.
Preferably there is a filter or choke between the “T” junction
and an instrument port on the generator to prevent microwave
leakage to the instrument port. This must be placed at half a
wavelength at the microwave frequency from the “T” junction so
that the “T” junction has a high return loss, i1.e. does not
reflect a significant proportion of the microwave energy back
to the generator. The proximal end of the transmission line
in the energy conveying structure is open circuit if RF energy
is to be transmitted so as not to short out the RF voltage.

It is also insulated and protected so that it does not break
down for RF voltages or expose the operator to high RF
voltages.

The main body 102 includes an instrument port 108 for
receiving an electrosurgical instrument into the instrument
channel. The electrosurgical instrument comprises a flexible
catheter 110 which has at its distal end an instrument tip 112
that is arranged to receive the RF and/or microwave energy
from the energy conveying means in the flexible insertion tube
104. The instrument tip 112 includes an energy delivery
portion for delivering the receiving RF and/or microwave
energy into biological tissue, e.g. to assist in treatment,
e.g. cutting or coagulation.

The catheter 110 is connected at its proximal end to a
rotator 114, which acts to rotate the catheter (and therefore
the instrument tip 112) relative to the instrument channel.
The catheter 110 may contain one of more control wires, e.g.
pull/push rods or the like. The control wires may pass out of
the proximal end of the catheter to engage a slider 116, which
operates to extend and retract the control wires to effect
action at the instrument tip.

In this embodiment, the catheter 110 is further arranged
to receive a flexible fluid feed pipe 122 that is connected to
a fluid delivery mechanism 124 (e.g. a syringe or pump, which

can be manually or automatically operated). The flexible
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fluid feed pipe 122 may extend, e.g. within or alongside the
catheter 110, through the instrument channel of the flexible
insertion tube 104. The instrument tip 112 may include a
fluid delivery port (not shown), e.g. a retractable needle, in
fluid communication with the flexible fluid feed pipe 122.

The fluid delivery port may be operable to deliver fluid (e.g.
saline) to the treatment site, e.g. to flush or clean the
area, or to be injected into tissue, e.g. to plump up a
sessile polyp as a preliminary step in a polypectomy
procedure.

The fluid feed pipe 122 may terminate at a sealed
junction at a proximal end of the catheter 110. In this
arrangement the catheter 110 itself may provide a fluid flow
path for the fluid between the proximal end and the instrument
tip 112. 1In this arrangement, the instrument tip may provide
a sealed junction at a distal end of the catheter 110, and the
fluid delivery port may include a proximal inlet (which may be
opened and closed by an operator) in fluid communication with
the inside of the catheter 110 in order to create the fluid
flow path to the treatment site.

According to the invention, there is an energy conveying
structure in the flexible insertion tube 104, e.g. in the
walls of the instrument channel, for carrying the RF and/or
microwave energy to the instrument tip 112. This arrangement
has two advantages. Firstly, it means that the catheter 110
does not need to carry a cable or other energy conveying
means. As a result there is more space for carrying control
wires, fluid, etc. to the instrument tip 112, and moreover the
presence of the control wires, fluid has no effect on the RF
and/or microwave energy. Secondly, this arrangement enables
the energy conveying structure to have a larger size that
would be necessary if it were to fit within the catheter. As
a result the energy conveying structure can have a lower loss
than in conventional electrosurgical systems, which in turn
enables more power to be safely delivered to the instrument
tip 112.

Fig. 2 is a schematic cross-sectional view through a
short portion of the flexible insertion tube 104 shown in Fig.
1. The scale of some features in the drawing has been
exaggerated for clarity. The flexible insertion tube 104 is

formed of a resiliently deformable cylindrical member 126
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which has at least two longitudinal passages formed
therethrough. A first passage forms an observation channel
128, through which an optical fibre bundle may pass to deliver
light and/or return captured images. A second passage forms
an instrument channel 130, through which the catheter 110
discussed above passes. The instrument channel 130 may have a
diameter 132 of 3 mm or less, e.g. 2.8 mm.

In conventional scoping devices, the inner surface of the
instrument channel was formed by the resiliently deformable
cylindrical member 126. However, according to the invention,
the flexible insertion tube 104 includes a wall 134 around the
instrument channel 130 that is formed from a plurality of
layers which act as an energy conveying structure, which in
this example is an coaxial energy conveying structure.

The wall 134 comprises an outer conductive layer 136,
e.g. formed from silver or silver-plated copper, a dielectric
layer 138 (e.g. formed from PTFE or other suitable flexible
low loss material) in contact with the inner surface of the
outer conductive layer 136, an inner conductive layer 140,
e.g. formed from silver or silver-plated copper, in contact
with the inner surface of the dielectric layer 138, and an
insulating innermost layer 142, e.g. formed from polyimide or
PEEK, in contact with the inner surface of the inner
conductive layer 140.

The outer conductive layer 136 and the inner conductive
layer 140 have a thickness greater than the skin depth of the
microwave energy that they are to convey, but still thin
enough to allow the insertion tube 104 to flex. For example
the outer conductive layer 136 and the inner conductive layer
140 may be formed from foil or braided material.

The outer conductive layer 136, the inner conductive
layer 140 and the dielectric layer 138 that separates them
together form a coaxial structure suitable for conveying RF
and/or microwave energy. In some embodiments, the energy
conveylng structure may be used only to convey RF energy. In
such arrangements, it is desirable to prevent voltage
breakdown between the outer conductive layer 136 and the inner
conductive layer 140. In such RF-only examples, the
dielectric layer 138 may preferably be formed from a
dielectric with a high breakdown strength. For example,
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Kapton® polyimide film may be used, which as a breakdown
strength of 118 kVmm™ in the sub-mm thickness range.

Where microwave energy is to be delivered, it is
desirable for the dielectric layer 138 to exhibit low loss at
the frequency of the microwave energy. For example, at 5.8
GHz PTFE is a suitable low loss dielectric.

Fig. 3A is a schematic diagram of the distal end of the
flexible insertion tube 104 shown in Fig. 2, now with a
catheter 110 and instrument tip 112 inserted in the instrument
channel 130.

The instrument tip 112, which is shown alone in Fig. 3B,
comprises a connection collar 152 attached to the distal end
of the catheter 110, an extension sleeve 154 which extends
distally from the connection collar 152, and a resection
instrument connected at a distal end of the extension sleeve
154. The resection instrument is formed from a piece of rigid
dielectric 144 that has a conductive coating (not shown) on
its upper surface 146 and lower surface 148 and a smooth
tapering dielectric 150 formed below the lower surface 148.

The connection collar 152 comprises a short rigid
cylindrical portion having a diameter selected to snugly fit
in the instrument channel so that its outer surface is in
physical contact with the surface that defines the instrument
channel 130 (i.e. the inner surface of wall 134). The
connection collar 152 may have a larger diameter than the
catheter 110.

A pair of contacts 156, 158 are formed on the outer
surface of the connection collar 152. The contacts 156, 158
may extend around all or part of the outer surface. In this
embodiment, a back (i.e. proximal) contact 156 is arranged to
electrically connect to the inner conductive layer 140 of the
energy conveying structure in the wall 134 of the instrument
channel 130, and a forward (i.e. distal) annular contact 158
is arranged to electrically connect to the outer conductive
layer 136 of the energy conveying structure in the wall 134 of
the instrument channel 130.

To achieve these electrical connections, the wall 134 has
a pair of longitudinally spaced terminals 160, 162 that
protrude through the innermost layer 142 at the distal end of
the instrument channel 130, as shown in Fig. 3C. The

terminals 160, 162 may extend around all or part of the inner
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surface of the instrument channel 130. In this embodiment, a
back (i.e. proximal) terminal 160 extends through the
innermost layer 142 from a distal end of the inner conductive
layer 140, and a forward (i.e. distal) terminal 162 extends
through both the dielectric layer 138 and the innermost layer
142 from a distal end of the outer conductive layer 136.

The outer conductive layer 136 extends longitudinally
beyond a distal end of the inner conductive layer 140. The
inner conductive layer 140 thus terminates at the back
terminal 160, i.e. there is a gap 164 (e.g. an alr gap or
other insulating material) located beyond of the distal end of
the inner conductive layer 140 before the forward terminal
162.

A conductive rod 166 extends from the back contact 156
through the extension sleeve 154 to provide an electrical
connection for the conductive coating on the upper surface 146
of the piece of rigid dielectric 144. The upper surface 146
is therefore electrically connected to the inner conductive
layer 140 of the energy conveying structure in the wall 134 of
the instrument channel 130. Similarly, a conductive rod 168
extends from the forward contact 158 through the extension
sleeve 154 to provide an electrical connection for the
conductive coating on the lower surface 148 of the piece of
rigid dielectric 144. The lower surface 148 1is therefore
electrically connected to the outer conductive layer 136 of
the energy conveying structure in the wall 134 of the
instrument channel 130.

The extension sleeve 154 may be a rigid tube of
dielectric material for both protecting and electrically
insulating the conductive rods 166, 168. The length of the
extension sleeve 154 may be chosen to enable the instrument to
protrude a useful distance from the distal end of the
instrument channel 130. The extension sleeve 154 may have an
electric length that corresponds to half a wavelength of the
microwave energy that is conveyed by the extension sleeve 154.
The conductive rods 166, 168 may be separately enclosed (e.g.
coated of otherwise covered) by dielectric, e.g. glue, plastic
or some other insulator, to prevent breakdown, especially
where they are close together.

A distal end of the connection collar 152 may abut
against a stop flange 170 formed at the distal end of the
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instrument channel 130. The instrument tip 112 can therefore
be secured in place with an electrical connection between the
contacts 156, 158 and terminals 160, 162, e.g. by maintaining
a pushing force on the catheter 110. Although in this
embodiment the connection collar 152 performs a dual function
of electrical connection and physical stop, it is possible for
these functions to be performed by separate features, in which
case the connection collar 152 may be located further back in
the instrument channel 130 and the extension sleeve 154 may be
longer.

To prevent material from the treatment site escaping
backwards into the instrument channel, a seal 172 may be
formed over the entrance to the instrument channel 130. The
seal 172 may comprise a resilient flap through which the
instrument can be pushed but which closes to form a fluid
tight cover when the instrument is removed (as shown in Fig.
3C).

The catheter 110 may be a hollow tube for conveying
control lines or a fluid feed 178 to the instrument. In this
embodiment, the fluid line extends right through to the distal
end of the instrument, e.g. for delivering saline to the
treatment site.

In practice, it may be desirable to form the wall 134
separately from the flexible insertion tube 104, e.g. as an
insertable single-or multiple-use liner that can be introduced
into the flexible insertion tube 104 in a separate assembly
step.

Fig. 4A is a schematic cross-sectional diagram showing a
first example of such a liner 174 being inserted into a
flexible insertion tube 104. In this example the liner 174
has the same structure as the wall 134 described above. 1In
particular, the internal channel through the liner 174 has the
required dimensions of the instrument channel (e.g. a diameter
of 2.8 mm). The liner may be formed by extruding the
innermost layer 142, coating the outer surface thereof with
conductive material to form the inner conductive layer 140,
extruding or otherwise forming the dielectric layer 138 on the
outer surface of the inner conductive layer 140, and finally
coating the outer surface thereof with conductive material to
form the outer conductive layer 136. The liner 174 may be

secured to flexible insertion tube by interference fit, e.g.
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by using thermal effects to cause the liner 174 to expand and
fit tightly within the available space.

Fig. 4B is a schematic cross-sectional diagram showing a
second example of a liner 176 being inserted into a flexible
insertion tube 104. In this example, part of the wall 134 is
formed (e.g. permanently) in the insertion tube 104 and part
is inserted as a liner 176. Thus, the inner surface of a
longitudinal passageway in the flexible insertion tube 104 may
be coated with conductive material to form the outer
conductive layer 136. A layer of dielectric 137 may be
formed, e.g. extruded on the inner surface of the outer
conductive layer 136. Separately, the liner 176 may be formed
by extruding the innermost layer 142, coating the outer
surface thereof with conductive material to form the inner
conductive layer 140, and extruding or otherwise forming a
dielectric layer 139 on the outer surface of the inner
conductive layer 140. When the liner 176 is inserted into the
flexible insertion tube 104, the dielectric layers 136, 137
physically engage each another to form a single dielectric
layer that performs the same function as the dielectric layer
138 discussed above. This example may be desirable because it
avoided exposing the conductive layers during assembly, which
may therefore reduce the risk of damage.

Fig. 5 shows another embodiment of the invention, in
which a coaxial energy conveying structure, e.g. a coaxial
transmission structure is incorporated into the outer layers
of a insertion tube of an endoscope. Fig. 5 is a cross-
sectional view of an endoscopic insertion tube 200. The
insertion tube 200 comprising a main tubular body 202 in which
are formed the instrument channel 204, two illumination
channels 206, an optical channel 208 and a fluid channel 210.
A coaxial transmission line is formed outside the main tubular
body 202. The coaxial transmission line comprises an inner
conductor 212 formed on the outer surface of the main tubular
body 202, a layer of dielectric material 214 on the inner
conductor 212, and an outer conductor 216 on the dielectric
material 214. This information concerns the design and
development of a larger diameter super cable suitable for use
in this application. The outer conductor 216 may be have a

protective layer formed thereon.



10

15

20

25

30

35

40

WO 2016/059209 PCT/EP2015/074001

18

The outer diameter of the coaxial transmission line in
this embodiment can thus correspond to the typical outer
diameter of the insertion tube. Different types of scoping
device can have different outer diameters. Depending on the
type of scoping device, the outer diameter of the coaxial
transmission line may be in a range of 5 mm to 20 mm. As
discussed below, the thickness of the dielectric material may
be determined based on the outer diameter to achieve an
optimal (i.e. minimal) loss. The insertion tube may have a
length up to 2.35 m.

Fig. 5 shows schematically how the coaxial transmission
line may be electrically connected to a tool mounted in the
instrument channel 204. Both the inner conductor 212 and the
outer conductor 216 will have respective radial connector
portions 218, 220 that travel into the device to electrically
attach to a first pad 222 (for the inner conductor) and an
second pad 224 (for the outer conductor) that are exposed in
the instrument channel 204.

The tool can then be affixed into the instrument channel
204 and energy provided through the first pad 222 and second
pad 224. The instrument channel can still be used as in a
normal endoscope 1f the tool does not need electrical power.
In order to avoid shorting the conductors, the first pad and
second pad may be at different axial positions along the
instrument channel, as discussed above. Preferably they are
electrically insulated from each other, e.g. by providing an
insulating material on the inner surface of the instrument
channel between the first and second pads. Depending on the
geometry, the insulating material may be the same as the
dielectric material 214. If a higher strength material is
required, then a Kapton® material could be used.

Fig. 6 shows a graph of loss per metre in the coaxial
transmission line structure discussed with reference to Fig. 5
as a function of the thickness of the dielectric material 214.
This shows that for a given outer diameter, the conductor loss
falls off at first as the thickness increases but eventually
flattens off to a limit. For this data an assumption has been
made that the inner diameter of the outer conductor is 10 mm
giving a device of approximately 10.3mm diameter when
including the 0.5mm thick conductor and 1 mm thick protective

jacket. It has also been assumed that the dielectric material
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is low density PTFE with a dielectric constant of 2.1 and tan
delta of 0.0002 at 5.8 GHz.

In general the total loss can be determined based on the
geometry of the transmission line. As the conductors get
larger, the insertion loss should decrease due to the
resistance. Similarly as more dielectric material is used the
losses decrease. The larger the distance between conductors
the higher the impedance. As dielectric thickness increases,
there is less loss, higher impedance due to the conductor
geometry and greater dielectric strength (i.e. the structure
can withstand a higher voltage before breakdown) .

Fig. 7 is a graph that shows the cross-sectional area
within a coaxial transmission line of the type discussed above
that is available for other components or channels of the
insertion tube whilst achieved a certain level of loss
performance. It demonstrates a important result of the effect
of geometry of losses. That is that for a given outer
diameter, a substantial portion of the internal volume of the
coaxial transmission line is available even for very low
losses. In particular, Figs. 6 and 7 show the importance of
not making the dielectric layer for the transmission line too
thin. This means that a balance may need to be struck between
making this layer thick enough to limit losses while being
thin enough to leave room for other layers or the provide the
required level of flexibility.

Similar principles regarding loss apply to the liner-type
structure that can be mounted in the instrument channel of a
scoping device. Figs. 8A, 8B and 8C illustrate three possible
geometries. Fig. 8A shows a cross-sectional view through a
first liner-type coaxial transmission line 300 which has a
hollow passage 302 running therethrough for receiving an
electrosurgical instrument (not shown). The coaxial
transmission line comprises an inner conductor 306 separated
from an outer conductor 310 by a layer of dielectric material
308. An inner protective layer 302 is formed on the inner
surface of the inner conductor 306 and thereby provides the
surface of the hollow passage. An outer protective layer 312
is formed on the outer surface of the outer conductor 310 and

engages the inner surface of the instrument channel.
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8B shows a cross-sectional view through a second

liner-type coaxial transmission line 314.

structure as Fig.

Fig.

8A,

It has the same

50 the same reference numbers are used.

8C shows a cross-sectional view through a third

liner~type coaxial transmission line 316.

same structure as Fig.

used.

8A,

It also has the

so the same reference numbers are

The table below describes the geometry of the structures

shown in Figs.

84,
for loss per metre,

8B and 8C and lists corresponding values

impedance,

loss over a typical cable

length of 2.35 m and power delivered over such a cable

(assuming a 60 W CW input power).

Fig. 8A Fig. 8B Fig. 8C
Layer - ; : : - :
Thickness | Diameter | Thickness | Diameter | Thickness | Diameter
(mm) (mm) (mm) (mm) (mm) (mm)
302 - 4 - © - 7.8
304 1 6 1 8 1 9.8
306 0.5 7 0.5 9 0.5 10.8
308 2 11 4 17 0.6 12
310 0.5 12 0.5 18 0.5 13
312 1 14 1 20 1 15
Impedance 18.714 26.332 4.362
()
Loss per
metre 0.436 0.280 1.156
(dB/m)
Loss*
(dB) 1.025 0.658 2.717
Fower 47.390 51.565 32.099
(W)
Table 1: Properties of liner-type coaxial transmission

line structures
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CLAIMS

1. An energy conveying structure for invasive
electrosurgery, the energy conveying structure comprising a
coaxial layered structure having:

an innermost insulating layer (142);

an inner conductive layer (140) formed on the innermost
insulating layer;

an outer conductive layer (136) formed coaxially with the
inner conductive layer; and

a dielectric layer (138) separating the inner conductive
layer and the outer conductive layer,

wherein the inner conductive layer, the outer conductive
layer and the dielectric layer form a transmission line for
conveying radiofrequency (RF) and/or microwave energy,

characterised in that:

the coaxial layered structure is insertable in a flexible
insertion tube (104) of an invasive surgical scoping device,

wherein the innermost insulating layer is hollow to form
an instrument channel (130) for the invasive surgical scoping
device, and

wherein the energy conveying structure includes:

a first terminal (160) that is electrically
connected to the inner conductive layer and which extends
through the innermost insulating layer into the instrument
channel; and

a second terminal (162) that is electrically
connected to the outer conductive layer and which extends
through the dielectric layer and innermost insulating layer

into the instrument channel.
2. An energy conveying structure according to claim 1,

wherein the instrument channel has a diameter between 1 mm and

5 mm.
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3. An energy conveying structure according to claim 1,
wherein the first terminal is located proximally from the

second terminal.

4. An electrosurgical device comprising:
an energy conveying structure according to any preceding
claim; and
an electrosurgical instrument (112) mounted in the
instrument channel of the energy conveying structure, wherein
the electrosurgical instrument comprises:
a first contact (156) that is electrically
connectable to the first terminal (160);
a second contact (158) that is electrically
connected to the second terminal (162);
a distal bipolar transmission structure electrically
connected to the first contact and the second contact for
delivering the RF and/or microwave energy into biological

tissue.

5. An electrosurgical device according to claim 4,
wherein the distal bipolar transmission structure comprises a
first conductive element (166) that is electrically connected
to the first contact and a second conductive element (168)

that is electrically connected to the first contact.

6. An electrosurgical device according to claim 5,
wherein the first contact and the second contact are formed on
a connection collar (152) located proximally to the bipolar

transmission structure.

7. An electrosurgical device according to any one of
claims 4 to 6 including a catheter (110) for conveying a
control wire (178) and/or a fluid feed to the electrosurgical
instrument, the catheter being slidably mounted in the

instrument channel.

AMENDED SHEET
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8. An electrosurgical device according to claim 6
including a catheter for conveying a control wire and/or a
fluid feed to the electrosurgical instrument, the catheter
being slidably mounted in the instrument channel, and wherein
the connection collar is mounted on an outer surface of the

catheter.

9. An electrosurgical device according to claim 6,
wherein the connection collar includes a shoulder for abutting
a projection (170) at the distal end of the instrument

channel.

10. An electrosurgical device according to claim 6
including an extension sleeve (154) that extends axially away
from the connection collar towards the bipolar transmission

structure at the distal end of the electrosurgical instrument.

11. An electrosurgical device according to claim 10,
wherein the extension sleeve comprises a tube of dielectric
material, and carries a conductive structure which provides
electrical connection between the first contact and first
conductive element and between the second contact and second

conductive element respectively.

12, An electrosurgical device according to any one of
claims 4 to 11, wherein a geometry of an interconnection
between the electrosurgical instrument and the energy
conveying structure is configured to create an impedance match
between the electrosurgical instrument and the energy
conveying structure at the frequency of microwave energy

conveyed by the energy conveying structure.

13. An electrosurgical device according to any one of

claims 4 to 11, wherein the energy conveying structure is
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arranged to convey RF energy only, and wherein the dielectric

material is formed from polyimide.

14. An electrosurgical device according to any one of
claims 4 to 11, wherein the energy conveying structure
comprises an additional conductor which forms a first pole of
an RF-carrying bipolar transmission line, and wherein the
inner conductive layer and the outer conductive layer form a

second pole of the RF-carrying bipolar transmission line.

15. An electrosurgical device according to claim 14,
wherein the additional conductor is a conductive wire carried

within the instrument channel.

16. An invasive electrosurgical scoping device
comprising:

a flexible insertion tube having a longitudinal bore
formed therethrough;

an electrosurgical device according to any one of claims

4 to 15 inserted in the longitudinal bore.

17. An invasive electrosurgical scoping device according
to claim 16, wherein the flexible insertion tube includes a
stop flange at its distal end, the stop flange having a
projection that overhangs an entrance to the instrument

channel.

18. An invasive electrosurgical scoping device according
to claim 16 or 17, wherein the flexible insertion tube
includes a resilient seal (172) mounted over an entrance to

the instrument channel.

19. An invasive surgical scoping device (100) comprising

a body (102) having a flexible insertion tube (104) extending

therefrom, wherein the flexible insertion tube comprises:

AMENDED SHEET
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an optical channel formed therethrough for transmitting
light to illuminate and/or capture images of a treatment site,
a longitudinal bore formed therethrough, and
an energy conveying structure in the wall of the
longitudinal bore, the energy conveying structure comprising a
coaxial layered structure having:
an innermost insulating layer (142);
an inner conductive layer (140) formed on the
innermost insulating layer;
an outer conductive layer (136) formed coaxially
with the inner conductive; and
a dielectric layer (138) separating the inner
conductive layer and the outer conductive layer,
wherein the inner conductive layer, the outer
conductive layer and the dielectric layer form a transmission
line for conveying radiofrequency (RF) and/or microwave
enerqgy, and
wherein the innermost insulating layer is hollow to form
an instrument channel (130) for the invasive surgical scoping

device.

20. An invasive surgical scoping device according to
claim 19, wherein the energy conveying structure is integrally

formed in the wall of the longitudinal bore.

21. An invasive surgical scoping device according to
claim 19, wherein the outer conductive layer and a first
portion of the dielectric layer are integrally formed in the
wall of the longitudinal bore, and wherein the innermost
insulating layer, the inner conductive layer and a second
portion of the dielectric layer form a liner that can be

detachably mounted in the longitudinal bore.



