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(57) A sterilisation apparatus 20 for sterilising a channel of a surgical scoping device. The apparatus 20 comprises a gas
supply having a conduit 24 to deliver an ionisable gas to the channel 104 of the surgical scoping device and a
sterilisation instrument, separate from the gas supply and the conduit 24, configured to be inserted through the
channel 104 of a surgical scoping device. The sterilisation instrument includes an elongate probe which comprises:
a transmission line 22 for conveying radiofrequency (RF) electromagnetic (EM) energy and/or microwave EM
energy; and a probe tip connected at the distal end of the transmission line 22 for receiving the RF and/or
microwave EM energy. The probe tip comprises an electrode assembly configured to produce an electric field from
the received RF and/or microwave frequency EM energy to generate a plasma of the ionisable gas delivered to the

channel 104 from the gas supply 24.
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Apparatus for sterilising a channel of a surgical scoping device

Field of the Invention

The present invention relates to sterilisation of surgical scoping devices such as endoscopes and
particularly, although not exclusively, to an apparatus which can be used to sterilise or disinfect the

instrument channels of such surgical scoping devices.

Background

Bacteria are single-celled organisms that are found almost everywhere, exist in large numbers and
are capable of dividing and multiplying rapidly. Most bacteria are harmless, but there are three harmful
groups; namely: cocci, spirilla, and bacilla. The cocci bacteria are round cells, the spirilla bacteria are coil-
shaped cells, and the bacilli bacteria are rod-shaped. The harmful bacteria cause diseases such as
tetanus and typhoid.

Viruses can only live and multiply by taking over other cells, i.e. they cannot survive on their own.
Viruses cause diseases such as colds, flu, mumps and AIDS. Fungal spores and tiny organisms called
protozoa can cause illness.

Such micro-organisms are known to persist in the instrument channel, or other channels, of
surgical scopes (such as endoscopes, gastroscopes etc.), and it is desirable to remove these organisms.
Sterilisation is an act or process that destroys or eliminates all form of life, especially micro-organisms.

Known methods of sterilising the instrument channels of scopes involve the use cleaning fluids
which are flushed through the channel to expel debris. A brush may also be used to scrub the interior.
The scope is then disinfected in automatic washing or disinfection units, which may involve the immersion
of the scope in potentially harmful chemicals such as glutaraldehyde. Finally, the scope is rinsed
thoroughly with water, then alcohol, to remove traces of the disinfectant.

Such known methods are labour-intensive, and are also prone to incomplete or insufficient
sterilisation of the instrument channel. The present invention has been devised in light of the above

considerations.

Summary of the Invention

According to a first aspect of the invention, there is provided a sterilisation apparatus for
sterilising a channel, such as an instrument channel, of a scoping device. The sterilisation apparatus
comprises a gas supply having a conduit to deliver an ionisable gas to the channel of the surgical
scoping device, a sterilisation instrument, separate from the gas supply and the conduit, configured to
be inserted through the channel of a surgical scoping device. The sterilisation instrument comprises
an elongate probe comprising a transmission line for conveying radiofrequency (RF) electromagnetic

(EM) energy and/or microwave EM energy, and a probe tip connected at the distal end of the coaxial
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cable for receiving the RF and/or microwave EM energy, the probe tip comprising an electrode
assembly configured to produce an electric field from the received RF and/or microwave frequency
EM energy to generate a plasma of the ionisable gas delivered to the channel from the gas supply.
The gases that are of interest for implementation of the apparatus disclosed herein are: air, helium,
argon, nitrogen, compressed air, and carbon dioxide. The system need not be limited to these gases.
Gas mixtures may be used, e.g. various concentration of argon, air and helium may be used, e.g. 1%
air and 99% helium, or 5% air and 95% helium. Preferably the gas is an inert gas such as Argon or
the like, though any gas which is suitable for production of a thermal or non-thermal plasma may be
chosen. Preferably a gas may be selected based on the voltage which can be applied by the probe
tip in order to generate a plasma. For example, air may have a higher breakdown voltage than argon,
(argon has a breakdown voltage approximately 20% that of air) and so it may be preferable for the
gas supply to supply argon gas in some arrangements. In particular, plasma may be created using
air, but due to the high voltage required to achieve voltage breakdown other gases may be
considered preferable (e.g. having a lower breakdown voltage).

In this way, the sterilisation apparatus of the present invention is arranged to flood the channel of
a scoping device with an ionisable gas (i.e. substantially fill the channel with the gas, to replace the
air normally present in the channel), and by producing an electric field the probe tip of the sterilisation
instrument is able to strike and sustain a plasma of the gas for sterilisation and cleaning of the
channel of the scoping device. The probe tip may therefore be referred to herein as a plasma
applicator. The sterilisation instrument may be moved proximally and distally along the channel of the
scoping device as it produces a thermal or non-thermal plasma, thereby cleaning and sterilising the
channel. The thermal or non-thermal plasma may be used to provide a reduction in bioburden for a
range of bacteria, including methicillin-resistant staphylococcus aureus (MRSA), clostridium difficile
(c. diff.; both spores and vegetative state) and escherichia coli (e. coli), and so may allow for more
efficient and thorough sterilisation of the instrument channel. The instrument may also be configured
to produce a combination of non-thermal plasma and non-ionising microwave radiation.

By supplying gas to the channel of the scoping device through a separate conduit there is no need
for a conduit or lumen to be formed in the sterilisation instrument itself. The sterilisation instrument may
therefore have a narrower diameter than in known arrangements. For example the sterilisation instrument
may have a diameter of 1mm or less, such as 0.6mm, which may be suitable for sterilisation and cleaning
of channels having a narrow diameter (e.g. around 1mm). In contrast, known devices are not suitable for
sterilising such narrow channels as the sterilisation device itself is required to convey gas therethrough for
producing a plasma at the distal end. Due to the size of the conduit for delivering gas, known instruments
therefore have a relatively large lower limit on their diameter, for example they may be greater than 2 mm
in diameter. The present invention thereby allows small diameter channels to be cleaned and sterilised
using a thermal or non-thermal plasma. Delivering gas separately of the sterilisation instrument may also
provide other advantages. For example, some scoping device disinfection protocols require the scoping
device to be rinsed with water, or other liquid cleaning products. By delivering a flow of gas which is
separate from the sterilisation instrument, the flow of gas may also aid dispersal of water or liquid

molecules which may help to dry the channel of the scoping device.
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In this way, the first aspect of the invention provides the ability to perform sterilisation at the distal
end of an instrument, in particular for the purpose of disinfecting the instrument channel of surgical
scoping device, such as an endoscope, gastroscope, bronchoscope or the like. The apparatus allows the
instrument channel to be thoroughly sterilised using a plasma which is struck and sustained by RF and/or
microwave frequency EM energy, which is supplied to the probe tip from a generator.

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 (though endoscopic procedures are usually referred to as “minimally invasive”). The diameter of the
instrument channel may be 5 mm or less.

In this specification “microwave frequency” 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. In contrast, this
specification uses “radiofrequency” or “RF” to indicate a frequency range that is at least three orders of
magnitude lower, e.g. up to 300 MHz, preferably 10kHz to 1 MHz. The microwave frequency may be
adjusted to enable the microwave energy delivered to be optimised. For example, a probe tip may be
designed to operate at a certain frequency (e.g. 900 MHz), but in use the most efficient frequency may be
different (e.g. 866 MHz). Whilst a prove tip may be designed to operate at a specific frequency, most tips
will operate acceptably over a slightly wider band, where they have a non-optimal but still usable
efficiency.

The elongate probe may be dimensioned to be insertable through a scoping device, e.g. through
the instrument channel of an endoscope, gastroscope, bronchoscope, colonoscope or the like. For
example, the coaxial cable may have a diameter of 2.5 mm or less, preferably 2.2 mm or less, or 1 mm or
less. The coaxial cable may have a sleeve, wherein the sleeve may have an outer diameter less than 2.6
mm, preferably less than 2.5 mm, or less than 1.5 mm. For larger laparoscopic instruments, the outer
diameter may be 3 mm or more, and larger diameter co-axial cable may be used. The coaxial cable may
have a length of around 2 m or more to ensure that the probe can extend through the entire length of the
instrument channel. For example, in colonoscopes, the instrument channel may be around 1.8 min
length.

Preferably, the sterilisation apparatus further comprises a gas-tight adapter configured to be
connectable to the scoping device, the gas-tight adapter having a passage therethrough to allow the
sterilisation instrument to be introduced into the channel of the scoping device through the gas-tight
adapter. For example, the adapter may be configured to fit with a proximal end of the scoping device, and
may provide access to the instrument channel of the scoping device. By being gas-tight, the adapter
helps to ensure that ionisable gas provided to the channel does not leak from the channel, ensuring that
sufficient gas is available for production of a plasma. The adapter also minimises ingress of air into the
channel. In this way, the atmosphere within the channel may be composed entirely or substantially

entirely of ionisable gas from the gas supply, wherein the gas is a suitable gas for generation of a plasma
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at the probe tip. This may ensure that an operator has full control of the amount of gas which is present in
the channel of the scoping device to ensure optimal operation of the apparatus. In some arrangements,
the gas supply (e.g. the conduit of the gas supply) is configured to be connectable to the adapter in order
to deliver the ionisable gas to the channel of the surgical scoping device. For example, the gas-tight
adapter may comprise a gas conduit through which gas can be delivered from the gas supply to the
channel of the surgical scoping device. This provides a sterilisation apparatus which is easy to set up and
operate, as it simply requires connection of the gas-tight adapter to the scoping device. In some
arrangements, the gas-tight adapter may be connected to a proximal end of the scoping device and the
gas supply may be connected to a distal end of the scoping device, or vice versa, such that the
sterilisation instrument is introduced into the channel at a different point from the gas. This may be
advantageous in ensuring a suitable amount of gas is available at the probe tip for generating a plasma.

Advantageously, the gas-tight adapter may comprise a pressure relief valve. This may allow
venting of gas or air from the channel through the adapter when a predetermined pressure is reached
within the channel. The pressure relief valve may be configured to ensure that gas and air can escape the
channel via the valve, but no gas or air can enter the channel through the valve. For example, the
predetermined pressure may ensure that, when gas is supplied to the channel of the scoping device,
there is a suitable amount of gas, and/or a suitable ratio of gas to air, present in the channel to allow a
thermal or non-thermal plasma to be struck and sustained by the probe tip. In some examples, gas may
be continuously delivered to the channel and, by providing an escape point for excess gas, the pressure
relief valve ensures that there is a flow of gas through the channel. This may be advantageous in
ensuring that gas is continuously passing over the probe tip in order to produce a thermal or non-thermal
plasma for sterilisation. A flow of gas may also be useful in aiding drying of the channel of the scoping
device, as described above.

Preferably, the passage through the gas-tight adapter comprises a seal, such as an O-ring, a
flanged seal, or the like, to ensure the adapter is gas-tight when the sterilisation instrument is positioned
in the passage. Such a seal may help ensure that the adapter is gas-tight while allowing the sterilisation
instrument to be moved in proximal and distal directions, thereby allowing movement the probe tip along
the length of the channel for sterilisation.

Advantageously, the gas-tight adapter may comprise a luer lock fitting for fixing the gas-tight
adapter to the surgical scoping device. The fitting may be suitable for attaching the adapter to a handle of
a scoping device. Such a fitting enables the adapter to be fitted to a range of scoping devices, and the
fitting is a gas-tight fitting. In particular, such a fitting may be configured to fit to the proximal end of a
scoping device.

Preferably, the sterilisation apparatus further comprises a closure device, optimally a gas-tight
closure device, configured to seal a distal end of the channel of the scoping device. For example, the
closure device may comprise a cap configured to fit over a distal end of the scoping device, or may be a
component which is configured to fit within the distal end of the channel. In this way, the closure device
closes the distal end of the channel to ensure that air cannot enter the channel and dilute the ionisable
gas atmosphere when the apparatus is in use. As with the gas-tight adapter described above, the closure

device may thereby help to ensure that an operator has full control over the amount of ionisable gas
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which is present in the channel of the scoping device, ensuring optimal operation of the apparatus. In
some examples the gas supply (e.g. the conduit of the gas supply) may be connectable to the closure
device to deliver the ionisable gas to the channel of the surgical scoping device. For example, the closure
device may comprise a gas conduit through which gas can be delivered from the gas supply to the
channel of the surgical scoping device. In some arrangements, for example where the sterilisation
instrument is introduced to the channel at its proximal end, providing connector for delivering gas to the
distal end of the channel may help to ensure that a suitable amount of gas is available at the probe tip for
generation of a thermal or non-thermal plasma for sterilisation of the channel. For example, such an
arrangement may be particularly advantageous where the diameter of the channel is the same as, or only
slightly larger than, the diameter of the sterilisation instrument, wherein the sterilisation instrument
substantially occludes the channel such that insufficient ionisable gas to sustain a plasma may pass
around the outside of the sterilisation instrument itself. In some embodiments, the closure device may
further comprise a pressure relief valve. This may allow venting of gas or air from the channel through the
closure device when a predetermined pressure is reached within the channel. The pressure relief valve
may be configured to ensure that gas and air can escape the channel via the valve, but no gas or air can
enter the channel through the valve. For example, the predetermined pressure may ensure that, when
gas is supplied to the channel of the scoping device, there is a suitable amount of ionisable gas, and/or a
suitable ratio of ionisable gas to air, present in the channel to allow a thermal or non-thermal plasma to be
struck and sustained by the probe tip. In some examples, gas may be continuously delivered to the
channel and, by providing an escape point for excess gas, the pressure relief valve ensures that there is
a flow of gas through the channel. This may be advantageous in ensuring that gas is continuously
passing over the probe tip in order to produce a thermal or non-thermal plasma for sterilisation, and may
also help to dry the channel of the scoping device. In some arrangements, the closure device may have a
passage therethrough to allow the sterilisation instrument to be introduced into the channel of the scoping
device at the distal end. In this embodiment, the closure device may also include a seal (e.g. O-ring or
flanged seal) to ensure that gas does not escape through the closure device as the instrument is
advanced and retracted through the channel. For example, it is envisaged in some arrangements that
ionisable gas may be introduced to the channel at its proximal end (e.g. through the gas-tight adapter)
and the sterilisation instrument may be introduced to the channel at its distal end.

Preferably, the electrode assembly may comprise a first electrode and a second electrode
arranged to define a volume therebetween, and the first electrode and the second electrode are
configured to receive the RF and/or microwave energy from the transmission line to set up an electric
field in the volume for producing a plasma of the ionisable gas. The probe tip may comprise an inlet, or at
least one inlet, to allow ionisable gas to flow from the channel of the surgical scoping device and into the
volume defined between the first electrode and the second electrode. By providing an inlet to a volume
between the first and second electrodes in this way, the probe tip is advantageously configured to
generate a plasma from ionisable gas which is present in the channel of the scoping device, as the gas is
not delivered directly to the volume between the electrodes. The volume, as referred to herein, may be a
space or cavity defined between the first electrode and second electrode which allows ionisable gas to be

present between the electrodes to be struck to form a plasma.
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The plasma may be struck using RF or microwave energy, which may be received as a high
voltage pulse. Microwave energy may be used to sustain the plasma after it is struck, i.e. deliver power
into the plasma to maintain the state of ionisation. This may also be received as a pulse. This
arrangement may prevent electric field collapse due to the capacitance of the cable and loading
variations, e.g. due to changing from a dry to a wet environment at the probe tip. Striking the plasma for
delivery out of the probe tip using microwave frequency energy may be possible, e.g. by using a
microwave resonator or an impedance transformer, i.e. a quarter wave transformer that transforms a low
voltage to a higher voltage to strike plasma using a higher impedance transmission line that is a quarter
wave (or an odd multiple thereof) long at the frequency of operation. This high impedance line may be
switched in to strike plasma and switched out (i.e. to return to a lower impedance line) once the plasma
has been struck and it is required to sustain plasma. A power PIN or varactor diode may be preferably
used to switch between the two states, although it may be possible to use a coaxial or waveguide switch.
The high electric field for striking the plasma may be caused by creating a high impedance condition for
either the RF EM energy or the microwave EM energy at the probe tip.

To strike plasma it is desirable to have a high electric field (e.g. high voltage condition). In the
plasma strike state (i.e. before the plasma exists) the ionisable gas is non-conducting and therefore has
high impedance. In order to strike plasma, it is necessary to set-up the high impedance state at the distal
end of the probe tip or within the probe tip in order to enable the high voltage (high electric field)
necessary to break down the gas to be generated. The apparatus of the invention may permit the
magnitude of microwave power delivered to the plasma to be controlled, e.g. through modulation of the
microwave signal and control of amplifier gain or control of the level of input signal to an amplifier with
fixed gain, as well as the efficiency by which it is delivered, e.g. through dynamic impedance matching.
This arrangement may also enable the dosage of plasma energy delivered into the surface to be sterilised
to be accurately quantified.

The impedance of the plasma is preferably matched to the impedance of the probe tip (and energy
delivery system) at the frequency of the microwave energy to enable efficient transfer of the microwave
energy, produced by the generator, into the plasma. Where microwave energy is used, the probe tip
and/or generator may be tuned (statically or dynamically) to ensure that the plasma is matched into the
load presented by the instrument channel and material within the channel. At microwave frequencies, the
coaxial cable forms a distributed element transmission line, where the impedance match between the
probe tip and energy source is determined by the source impedance of the microwave generator, the
characteristic impedance of the coaxial cable (transmission line), and the impedance of the probe tip
structure itself. If the characteristic impedance of the coaxial cable is the same as the output impedance
of the source then all of the microwave power will be delivered into the probe tip, less the attenuation
caused by the coaxial cable (dielectric and conductor losses). If the impedance of the probe tip and the
instrument channel is the same as the characteristic impedance of the coaxial cable, then the maximum
power available at the source will be transferred into the plasma/instrument channel load. Adjustments
may be made to probe tip structure in order to maintain the best impedance match between the probe tip
and the plasma/instrument channel load. Adjustments may also be made at the generator or at the

interface between the distal end of the first cable and the proximal end of the second (instrument) cable.
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These adjustments may be in the form of a change of capacitance and/or inductance of a matching
network, i.e. stub tuning.

The apparatus may use, as a generator, a source oscillator to produce a low power microwave
frequency signal and a power amplifier (e.g. an arrangement of microwave transistors) to amplify the low
power signal to a level that is high enough to enable an electric field to be produced which is required to
strike the plasma using a gas found to be suitable for the particular application. Solid state signal
amplifiers may be used. The system may also operate in a mode whereby the amplifier is driven into
saturation or full power to set up an electric field necessary to strike the plasma and then backed off once
it has been struck. The ability to control the microwave energy can enable a plasma to be generated that
is most suitable for any one of a variety of applications of interest. Control of the microwave energy and/or
the gas flow rate and/or the gas mixture gives control over the size of the plume and the temperature at
the inner surface of the instrument channel being treated. Furthermore, the system may be arranged to
quantify the dosage of plasma energy delivered to the surface to be treated. The microwave energy may
be controlled by any one or more of varying a frequency of the microwave energy in a controlled manner
(e.g. controlling the frequency of radiation from the microwave radiation generator), varying the power
level in a controlled manner, and modulating the microwave energy in a controlled manner. The generator
may include a microwave signal modulator arranged to modulate the microwave energy delivered to the
probe tip. The modulation frequency may be contained within the range from 0.1 Hz up to 10 MHz. The
duty cycle may be from less than 1% to 100%. In some embodiments, the modulation frequency may be
from 10 Hz to 100 kHz and the duty cycle may be between 10% and 25%. In preferred embodiments the
modulation frequency may be between 100 Hz and 1 kHz, and the duty cycle may be 20%.

The apparatus may thus be arranged to generate the plasma using pulsed operation. In one
embodiment, the plasma may be struck on each pulse (the strike may occur due to a transient produced
on one of the edges of the pulse - normally the positive going edge). The operation of the system may be
such that it is necessary to keep applying pulses to the system in order to generate the required effects.

Preferably, the transmission line comprises a coaxial cable having an inner conductor, an outer
conductor and a dielectric material separating the inner conductor from the outer conductor. The probe tip
may comprise the second electrode, comprising an extension of the second conductor of the coaxial
cable beyond the dielectric material of the coaxial cable, and the first electrode, comprising an extension
of the inner conductor of the coaxial cable beyond the dielectric material of the coaxial cable and along a
central or longitudinal axis of the second electrode to define the volume between the first electrode and
the second electrode; wherein the first electrode and the second electrode are configured to receive the
RF and/or microwave energy from the coaxial cable to set up an electric field in the volume between the
first electrode and the second electrode for striking a plasma therein, and wherein the probe tip includes
an outlet for releasing plasma from the volume. For example, the distal end face of the probe tip may be
open to define the inlet to allow ionisable gas to flow from the channel of the surgical scoping device and
into the internal volume. In some examples, a portion of the opening may provide an inlet for gas from the
channel to flow into the internal volume and a portion of the opening may provide an outlet for plasma to
escape the internal volume, wherein a flow may be generated within the internal volume due to the

generation of plasma. In this way, the probe tip is adapted for use in an environment filled with a gas
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suitable for generating a thermal or non-thermal plasma rather than having such gas delivered directly to
the region between the electrodes. The relatively simple design of the probe tip is also simple and cheap
to manufacture, and is suitable for use even when the probe tip has a small diameter. Optionally, the
second electrode may comprise at least one aperture to define the inlet to allow ionisable gas to flow from
the channel of the surgical scoping device into the space or volume defined between the first electrode
and the second electrode. The aperture or apertures may thereby help ensure that a thermal or non-
thermal plasma is continuously produced in use. The aperture or apertures may also allow plasma out of
the region between the first electrode and the second electrode, and the plasma may be directed at a
sidewall of the channel for sterilisation.

Advantageously, the first electrode may further comprise a conductive cap mounted on a distal end
of the extension of the inner conductor, wherein the conductive cap is spaced away from the distal end of
the second electrode to define a gap between the cap and the second electrode to define the outlet. By
being arranged in this way, plasma produced by the probe tip may be preferentially directed at a sidewall
of the channel to ensure thorough sterilisation and cleaning. In some examples, the conductive cap may
comprise at least one aperture to define the inlet to allow gas to flow into the space or volume defined
between the first electrode and the second electrode. The aperture or apertures may thereby help ensure
that a thermal or non-thermal plasma is continuously produced in use. The aperture or apertures may
also allow plasma out of the region between the first electrode and the second electrode. In some
examples, the cap may instead be made of a ceramic material.

As explained above, the high electric field for striking the plasma may be caused by creating a high
impedance condition for either the RF EM energy or the microwave EM energy at the probe tip. This can
be achieved through the selection of a suitable geometry for the first and second electrodes. For
example, a piece of insulating dielectric material, such as quartz or other similarly low loss material, may
be located between the first and second electrodes. This may increase the impedance and therefore
facilitate the creation of a high electric field.

Preferably, the gas supply may be configured to supply gas to the channel of the surgical scoping
device at a variable flow rate. For example, the sterilisation apparatus may include a flow controller
arranged to adjustably control gas flow. In particular, the flow rate of gas may be between 0.2 and 10
litres per minute, and may be varied between those values. By varying the flow rate of gas delivered to
the channel it can be ensured that there is a suitable supply of gas available at the probe tip. For
example, as the channel may be restricted by the presence of the sterilisation instrument, a higher gas
flow rate may be needed to deliver gas from a proximal end of the channel to the probe tip when the
probe tip is at the distal end of the channel when compared with a flow rate of gas required when the
probe tip is closer to the proximal end of the channel. The flow rate of gas may also be varied in order to
provide or control drying of the channel if liquids (e.g. cleaning liquids) are present in the channel, in small
quantities.

Herein, the term “inner” means radially closer to the centre (e.g. axis) of the channel and/or coaxial
cable. The term "outer" means radially further from the centre (axis) of the 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
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end is further from the generator.
The invention includes the combination of the aspects and preferred features described except

where such a combination is clearly impermissible or expressly avoided.

Summary of the Figures

Embodiments and experiments illustrating the principles of the invention will now be discussed with
reference to the accompanying figures in which:

Figure 1 shows a schematic diagram of a sterilisation apparatus according to an embodiment of
the present invention, and a generator for supplying energy thereto;

Figure 2 shows a schematic diagram of a sterilisation apparatus according to a second
embodiment of the present invention in use;

Figure 3 shows a schematic diagram of a sterilisation apparatus according to a third embodiment
of the present invention in use;

Figure 4 shows a cross-section view of a first probe tip which may be used with embodiments of
the present invention;

Figure 5 shows a cross-section view of a second probe tip which may be used with embodiments
of the present invention; and

Figure 6 shows a cross-section view of an adapter which may be used with embodiments of the

present invention.

Detailed Description of the Invention

Aspects and embodiments of the present invention will now be discussed with reference to the
accompanying figures. Further aspects and embodiments will be apparent to those skilled in the art. All
documents mentioned in this text are incorporated herein by reference.

Fig. 1 shows a sterilisation apparatus 10 according to an embodiment of the present invention, and
a generator 1000 for supplying energy thereto. The sterilisation apparatus 10 comprises a sterilisation
instrument having an elongate probe comprising a transmission line provided by a coaxial cable 12 with a
probe tip 14 at its distal end. For example, the probe tip 14 may be a probe tip as described below with
respected to Figs. 4 or 5. The generator 1000 is connected to the coaxial cable 12 at its proximal end,
and is configured to supply radiofrequency (RF) and/or microwave frequency electromagnetic (EM)
energy in order to facilitate the production of plasma by an electrode assembly at the probe tip 14. The
apparatus 10 also comprises a gas supply 16 having a gas conduit 18, separate from the sterilisation
instrument, to deliver an ionisable gas to the channel of a surgical scoping device, in a manner which will
be described in more detail below. The gas supply 16 may be a canister of gas, as shown, but any
suitable gas supply may be used. Preferably the gas supply 16 provides an inert gas, such as Argon.

Although not shown in Fig. 1, in some examples the gas supply 16 may comprise a gas flow controller
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allowing the flow rate of gas to be varied. For example, the gas flow rate may be between 0.2 and 10
litres per minute, and may be varied automatically or manually by a user. For example, the flow rate may
be increased when the probe tip is towards the distal end of the channel in a scoping device in order to
ensure that a suitable supply of gas is available for production of a plasma.

During a sterilisation process, with the probe tip 14 positioned within a channel of a scoping device,
the generator 1000 supplies RF and/or microwave frequency EM energy to the probe tip. The gas supply
16 simultaneously supplies gas directly to the channel via the gas conduit 18. The RF and/or microwave
energy and supplied gas are combined at the probe tip 14 to generate a thermal or non-thermal plasma,
which is emitted from the probe tip 14 to contact a surface of the channel to destroy or eliminate micro-
organisms. Examples of plasma generation in a similar manner are disclosed in WO 2009/060213 A1, for
example.

The generator 1000 may be controlled to determine whether the generated plasma is a non-
thermal or thermal plasma. For example, the supply microwave energy may have a power and/or duty
cycle that is selectable to produce non-thermal or thermal plasma. Preferably, the generator is operated
to produce a non-thermal plasma having a temperature of less than 41°C, which can help avoid damage

to the scoping device.

The apparatus 10 may further include a withdrawal device (not shown) coupled to the coaxial cable
12 and operable to withdraw the coaxial cable 12 through the channel at a predetermined rate.

In use, the sterilisation instrument is inserted through the channel of a surgical scoping device, and
the gas conduit is arranged to deliver gas directly to the channel of the scoping device. For example, both
the sterilisation instrument and the gas conduit may be provided to a proximal end of the channel or to a
distal end of the channel. Alternatively, the sterilisation instrument and the gas conduit may be provided
to opposing ends of the channel. Comparative advantages of these arrangements are described herein.

Fig. 2 shows a sterilisation apparatus 20 according to a further embodiment of the invention, the
apparatus 20 being shown in use for cleaning a surgical scoping device. The elongate probe is positioned
within an instrument channel of an insertion tube 104 of a surgical scoping device. The coaxial cable 22
of the elongate probe passes into the channel through the handle 102 of the scoping device, at the
proximal end of the insertion tube 104 and instrument channel, and reaches the distal end of the insertion
tube 104 where the electrode assembly of the probe tip (not shown) produces a plasma for sterilising and
cleaning the instrument channel. For example, the probe tip may be a probe tip as described below with
respected to Figs. 4 or 5. The coaxial cable 22 is connected to a generator at its proximal end (not
shown), as described above with respect to Fig. 1, and conveys energy from the generator to the probe
tip to enable the probe tip to generate an electric field for producing a thermal or non-thermal plasma. To
sterilise and clean the channel, the elongate probe may be moved in a proximal and/or distal direction
while such plasma is generated at the probe tip.

In this arrangement, a distal end of the gas conduit 24 of the apparatus 20 is also connected to a
proximal end of the insertion tube 104 to deliver ionisable gas into the instrument channel. The gas
conduit 24 is connected to a gas supply at its proximal end (not shown), as described above with respect
to Fig. 1. The gas supply is thereby able to substantially fill the instrument channel with ionisable gas in

order to provide a suitable atmosphere for the probe tip to strike and sustain a plasma. By delivering
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ionisable gas to the instrument channel in this way, there is no need for the elongate probe to comprise a
lumen for conveying gas to the probe tip, and so the elongate probe is simpler and cheaper to
manufacture, and is also more compact allowing channels of small diameters (e.g. around 1 mm or less)
to also be cleaned and sterilised by the apparatus of the present invention.

In this embodiment, the apparatus 20 further comprises a gas-tight adapter 28. The adapter 28 is
configured to be connected to the handle 102 of the scoping device, and in particular may be configured
to fit to an input port for the instrument channel of the scoping device, and provides a passage through
which the elongate probe is introduced into the channel of the scoping device. The passage comprises a
seal, such as an O-ring, which ensures that the adapter is gas-tight while the sterilisation instrument is
positioned in the passage, but allows the elongate probe to be moved in proximal and distal directions for
cleaning and sterilisation of the channel. The distal end of the gas conduit 24 is connected to the adapter
28, and the adapter 28 has a corresponding conduit to provide ionisable gas into the channel such that
the probe tip is able to produce a plasma of the gas. The adapter 28 helps to ensure that the atmosphere
within the channel is suitable for production of a plasma, for example by ingress of air which could
otherwise displace or dilute gas provided via the conduit 24 and thereby reduce plasma production. In
order to be fixed to the handle 102 of the scoping device, the adapter 28 may comprise a luer lock fitting,
though it will be appreciated that any suitable gas-tight fitting may be chosen. As the adapter 28 is
configured to receive both the coaxial cable 22 and the gas conduit 24, the sterilisation apparatus 20 is
particularly easy to use, as only one connection to the scoping device is required. This may be particularly
advantageous when the apparatus 20 is to be transferred between multiple scoping devices for quick
cleaning and sterilisation of the instrument channels.

For closing the distal end of the channel through the insertion tube 104, the sterilisation apparatus
20 comprises a closure device in the form of a cap 26 which is configured to fit over the distal end of the
insertion tube 104 of the surgical scoping device. For example, the cap 26 may be generally cylindrical
with an open end to fit over the insertion tube 104 and a closed end to prevent gas from escaping. The
cap 26 may be made of a gas-impermeable material, such as a plastic material, for example rubber or the
like, and is suitably dimensioned to ensure a tight fit with the distal end of the insertion tube 104. The cap
26 may help to prevent ingress of ambient air which could displace or dilute ionisable gas provided to the
channel through the conduit 24. However, in some examples it is believed that the cap 26 may not be
necessary if the flow rate of ionisable gas through the conduit 24 is high enough, as the gas flow from the
distal end of the channel may be sufficient to prevent ingress of ambient air. Nevertheless, the cap 26
may be preferable, particularly where a low flow rate of gas is used. As shown in Fig. 2, the cap 26
comprises a pressure relief valve 27 which may be positioned on the closed end of the cap 26. In this
way, the cap 26 is adapted to allow venting of excess gas or air from the channel through the pressure
relief valve 27 when a predetermined pressure is reached. By providing the valve 27 in the cap 26, it may
be ensured that there is a flow of gas through the channel when the apparatus 20 is in use, which may be
particularly advantageous in ensuring that gas is continuously passing over the probe tip in order to
produce a thermal or non-thermal plasma. For example, the valve 27 may be adapted to vent gas when

the pressure is about or slightly above atmospheric pressure.
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Fig. 3 shows a further embodiment of a sterilisation apparatus 30 according to an embodiment of
the invention, the apparatus 30 being shown in use for cleaning a surgical scoping device. The elongate
probe of the apparatus 30 is positioned within an instrument channel of an insertion tube 104 of a surgical
scoping device. The coaxial cable 32 of the elongate probe passes into the channel through the handle
102 of the scoping device, at the proximal end of the insertion tube 104 and of the instrument channel,
and reaches the distal end of the insertion tube 104 wherein the electrode assembly of the probe tip (not
shown) produces a plasma for sterilising and cleaning the instrument channel. For example, the probe tip
may be a probe tip as described below with respected to Figs. 4 or 5. The coaxial cable 32 is connected
to a generator at its proximal end (not shown) as described above with respect to Fig. 1, and conveys
energy from the generator to the probe tip, where an electric field is produced to generate a plume of
thermal or non-thermal plasma. To sterilise and clean the channel, the elongate probe may be moved in a
proximal and/or distal direction while plasma is produced at the probe tip.

In this arrangement, a distal end of the gas conduit 34 of the apparatus 30 is connected to a distal
end of the insertion tube 104 to deliver gas into the instrument channel. The gas conduit 34 is connected
to a gas supply at its proximal end (not shown), as described above with respect to Fig. 1. The gas
conduit 34 is connected to the distal end of the insertion tube 104 by a closure device in the form of a cap
36 which is configured to fit over the distal end of the insertion tube 104 and which has a corresponding
gas conduit therethrough to allow gas to enter the instrument channel. For example, the cap 36 may be
generally cylindrical and may have an open end to fit over the insertion tube 104 and a connector at an
opposing end for connection to the distal end of the gas conduit 34. The cap 36 may be made of a gas-
impermeable material, for example a plastic material such as rubber or the like, and is suitably
dimensioned to ensure a tight fit with the distal end of the insertion tube 104. As well as providing an inlet
for gas from the gas conduit 34, the cap 36 may help to prevent ingress of ambient air which could
displace or dilute gas provided to the channel through the conduit 34.

A gas-tight adapter 38 is provided at the proximal end of the surgical scoping device, and is
configured to be connected to the handle 102. The adapter 38 may be configured to fit to an input port for
the instrument channel of the scoping device, and provides a passage through which the elongate probe
is introduced into the channel of the scoping device. As described above with respect to Fig. 2, this
passage may comprise a seal, such as an O-ring, to ensure that the passage is gas-tight when the
sterilisation instrument is positioned in the passage. The adapter 38 helps to ensure that the atmosphere
within the channel is suitable for production of a plasma, for example by ingress of air which could
otherwise displace or dilute gas provided via the conduit 34 and thereby reduce plasma production. In
order to be fixed to the handle 102 of the scoping device, the adapter 38 may comprise a luer lock fitting,
though it will be appreciated that any suitable gas-tight fitting may be chosen. In this embodiment, the
gas-tight adapter 38 comprises a pressure relief valve 39, which is configured to allow venting of excess
gas or ait from the channel through the pressure relief valve 39 when a predetermined pressure is
reached. Preferably, the predetermined pressure may be about or slightly above atmospheric pressure.

The sterilisation apparatus 30 thereby provides for the sterilisation instrument and the gas conduit
to be provided at opposing ends of the instrument channel which is to be sterilised. This may be

particularly advantageous in cleaning channels which are entirely or substantially entirely occluded by the
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coaxial cable 32, which would inhibit a flow of gas to the probe tip if gas were to be introduced at the
proximal end of the instrument channel.

Fig. 4 shows a cross-section view of a probe tip 40 which may be used with embodiments of the
present invention. The probe tip 40 shown uses extension of inner and outer conductors of a coaxial
cable to provide an electrode assembly having first and second electrodes, but it will be appreciated that
in some examples the probe tip 40 may be provided as a separate component, or that either of the first
and second electrodes may be separate from the coaxial cable.

The probe tip 40 comprises a first electrode 42 and a second electrode 44 which is coaxial with the
first electrode 42. A dielectric material 46 is provided coaxially between the first electrode 42 and the
second electrode 44. For example, the dielectric material 46 may be the dielectric of the coaxial cable.
The second electrode 44, comprising an extension of the outer conductor of the coaxial cable, extends
beyond the dielectric material 46 in a distal direction to define an internal volume 48. For example, the
second electrode 44 may have a length of 5 mm or less, such as around 3 mm, beyond the distal end of
the dielectric material 46. The first electrode 42, comprising an extension of the inner conductor of the
coaxial cable beyond the dielectric material 46 in a distal direction, extends into the internal volume 48.
For example, the first electrode 42 may run along a central, longitudinal axis of the second electrode 44,
and thereby define the volume between the first electrode 42 and the second electrode 44, which may be
referred to as the internal volume 48. As shown in Fig. 4, the first electrode 42 may be substantially linear,
but it will be appreciated that the first electrode could also take other shapes in the intermal volume 48, for
example the first electrode 42 may form a helix.

The distal end of the probe tip 40 is open to define an inlet for allowing ionisable gas from the
channel of the scoping device to enter the internal volume 48, where the gas may be struck to form a
plasma. The opening, or a portion of the opening, at the distal end may also define an outlet for releasing
plasma from the internal volume 48. For example, the second electrode 44 may be generally cylindrical
and open at its distal end to define the inlet and the outlet. Gas may flow into the internal volume 48
where a plasma is struck by an electric field generated between the first electrode 42 and the second
electrode 44 when RF and/or microwave EM energy is delivered thereto from the generator. The plasma
which is produced is released through the outlet in order to sterilise and clean the sidewall of the
instrument channel of a surgical scoping device. In some embodiments, the electric field between the first
electrode 42 and the second electrode 44 may be increased by positioning a piece of insulating dielectric
material, such as quartz, between the electrodes. For example, a cylindrical piece of quartz may be fitted
over the first electrode 42 within the internal volume 48 to increase impedance and thus facilitate the
creation of a high electric field to strike and sustain a plasma. In some examples, the second electrode 44
may comprise a number of apertures (i.e. one or more) which provide inlets enabling ionisable gas to flow
into the internal volume 48. The apertures may also provide outlets through which plasma may be
released from the internal volume 48. A flow of gas and plasma may be established through the internal
volume 48 due to the production of plasma.

Fig. 5 shows a cross-section view of a second probe tip 50 which may be used with embodiments
of the present invention. The probe tip 50 is generally similar to that shown in Fig. 4 so corresponding

elements have been given corresponding reference numerals, and description thereof is not repeated.
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In the probe tip 50 shown in Fig. 5, the first electrode 52 extends beyond the distal end of the
second electrode 44 and a conductive cap 54 is mounted at the distal end of the first electrode 52. The
conductive cap 54 may be provided as a disc of metal, such as copper, silver, gold or plated steel for
example. In other embodiments, the cap 54 may be made of a ceramic material. The cap 54 is spaced
away from the distal end of the second electrode 44 to define an outlet 56 through which plasma may be
released from the internal volume 48. For example, the conductive cap 54 may be spaced around 0.5 mm
away from the distal end of the second electrode 44. The outet 56 defined in this way is generally
annular, and so plasma which is generated by the probe tip 50 is preferentially directed towards the
sidewalls of the channel in the scoping device for more effective cleaning and sterilisation. In some
embodiments, the conductive cap 54 may comprise a number (i.e. one or more) of apertures
therethrough, which may provide inlets allowing ionisable gas to flow into the internal volume 48 from the
channel in order to be struck to produce a plasma.

Fig. 6 shows a cross-sectional view of an adapter 60 which may be used in embodiments of the
present invention. In particular, the adapter 60 may be used in an arrangement such as shown in Fig. 2
as it is configured to be connectable to a gas conduit for delivering ionisable gas to the channel of a
scoping device.

The adapter 60 comprises a gas-tight body 62 which is configured to fit to the channel of a scoping
device (for example, by fitting to the handle of a scoping device) to allow a sterilisation instrument to be
introduced to the channel. For example, the body 62 may be made of a plastics material or the like,
though any other suitable material (e.g. metal) may also be used. In the embodiment shown in Fig. 6, the
adapter 60 is also configured to allow ionisable gas to be introduced to the channel of the scoping device
through the gas-tight body 62.

In particular, the adapter 60 comprises a first luer lock fitting 63 to allow the gas-tight body 62 to fit
to the channel of the scoping device, preferably by fitting to the handle of a scoping device as described
above. Within the body 62, the adapter 60 comprises a branched passage 64 having two inlets and a
single outlet, wherein the outlet is at the luer lock fitting 63 such that the outlet leads to the channel of the
scoping device when the adapter 60 is in use.

At a first inlet of the passage 64 there is a port 65 which is configured to receive the elongate probe
of the sterilisation device. At or about the port 65 there is a seal 66, which may be an O-ring or a flanged
seal or the like, to ensure that when the elongate probe is present in the passage 64 the adapter 60 is
gas-tight such that no ionisable gas may leak from the channel of the scoping device and no air may
enter the channel. However, the port 65, seal 66 and the passage 64 are configured to allow the elongate
probe to be moved in proximal and distal directions to sterilise the channel of the scoping device.

At a second inlet of the passage 64 there is a second luer lock fitting 67 to which a gas conduit
from a gas supply may be connectable. In this way, the passage 64 may provide a conduit for passing
gas from the gas supply to the channel of the scoping device. In other embodiments, the adapter 60 may
not comprise a second luer lock fitting 67 (for example, where ionisable gas is delivered to the distal end
of the channel of the scoping device) and the passage 64 may therefore not need to be a branched

passage.
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In some examples, the adapter 60 may comprise a pressure relief valve (not shown), which may be
configured to vent gas when the pressure within the adapter 60 (and therefore within the channel of the
scoping device) is about or slightly above atmospheric pressure). For example, the pressure relief valve
may replace the second luer lock fitting 67, or may be positioned elsewhere on the body 62 of the adapter
60.

The features disclosed in the foregoing description, or in the following claims, or in the
accompanying drawings, expressed in their specific forms or in terms of a means for performing the
disclosed function, or a method or process for obtaining the disclosed results, as appropriate, may,
separately, or in any combination of such features, be utilised for realising the invention in diverse forms
thereof.

While the invention has been described in conjunction with the exemplary embodiments described
above, many equivalent modifications and variations will be apparent to those skilled in the art when
given this disclosure. Accordingly, the exemplary embodiments of the invention set forth above are
considered to be illustrative and not limiting. Various changes to the described embodiments may be
made without departing from the spirit and scope of the invention.

For the avoidance of any doubt, any theoretical explanations provided herein are provided for the
purposes of improving the understanding of a reader. The inventors do not wish to be bound by any of
these theoretical explanations.

Any section headings used herein are for organizational purposes only and are not to be construed
as limiting the subject matter described.

Throughout this specification, including the claims which follow, unless the context requires
otherwise, the word “comprise” and “include”, and variations such as “comprises”, “comprising”, and
“including” will be understood to imply the inclusion of a stated integer or step or group of integers or
steps but not the exclusion of any other integer or step or group of integers or steps.

It must be noted that, as used in the specification and the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise. Ranges may be
expressed herein as from “about” one particular value, and/or to “about” another particular value. When
such a range is expressed, another embodiment includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as approximations, by the use of the antecedent
“about,” it will be understood that the particular value forms another embodiment. The term “about” in

relation to a numerical value is optional and means for example +/- 10%.
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Claims:

1. A sterilisation apparatus for sterilising a channel of a surgical scoping device, the
apparatus comprising:
a gas supply having a conduit to deliver an ionisable gas to the channel of the surgical scoping
device,
a sterilisation instrument, separate from the gas supply and the conduit, configured to be inserted
through the channel of a surgical scoping device, the sterilisation instrument comprising:
an elongate probe comprising:
a transmission line for conveying radiofrequency (RF) electromagnetic (EM)
energy and/or microwave EM energy, and
a probe tip connected at the distal end of the transmission line for receiving the
RF and/or microwave EM energy, the probe tip comprising an electrode assembly configured to
produce an electric field from the received RF and/or microwave frequency EM energy to generate a

plasma of the ionisable gas delivered to the channel from the gas supply.

2. Asterilisation apparatus according to claim 1, the sterilisation apparatus further
comprising a gas-tight adapter configured to be connectable to the scoping device, the gas-tight
adapter having a passage therethrough to allow the sterilisation instrument to be introduced into the

channel of the scoping device through the gas-tight adapter.

3.  Asterilisation apparatus according to claim 2, wherein the gas-tight adapter comprises a

pressure relief valve.

4. A sterilisation apparatus according to claim 2, wherein the gas supply is configured to be
connectable to the adapter in order to deliver the ionisable gas to the channel of the surgical scoping

device.

5.  Asterilisation apparatus according to any one of claims 2 to 4, wherein the passage
through the gas-tight adapter comprises a seal to ensure the adapter is gas-tight when the

sterilisation instrument is positioned in the passage.

6. A sterilisation apparatus according to any one of claims 2 to 5, wherein the gas-tight

adapter comprises a luer lock fitting for fixing the gas-tight adapter to the surgical scoping device.

7. Asterilisation apparatus according to any one of the preceding claims, the sterilisation
apparatus further comprising a closure device configured to seal a distal end of the channel of the

surgical scoping device.
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8.  Asterilisation apparatus according to claim 7, wherein the gas supply is connectable to

the closure device to deliver the ionisable gas to the channel of the surgical scoping device.

9.  Asterilisation apparatus according to claim 7, wherein the closure device comprises a

pressure relief valve.

10. A sterilisation apparatus according to any one of the preceding claims, wherein electrode
assembly comprises a first electrode and a second electrode arranged to define a volume
therebetween, and the first electrode and the second electrode are configured to receive the RF
and/or microwave energy from the transmission line to set up an electric field in the volume for
producing a plasma of the ionisable gas; and

wherein the probe tip comprises an inlet to allow ionisable gas to flow from the channel of
the surgical scoping device and into the volume defined between the first electrode and the second

electrode.

11. A sterilisation apparatus according to claim 10, wherein
the transmission line comprises a coaxial cable having an inner conductor, an outer conductor,
and a dielectric material separating the inner conductor from the outer conductor,
the second electrode comprises an extension of the outer conductor of the coaxial cable
beyond the dielectric material of the coaxial cable, and
the first electrode comprises an extension of the inner conductor of the coaxial cable
beyond the dielectric material of the coaxial cable and along a central axis of the second electrode to
define the volume between the first electrode and the second electrode;
wherein the first electrode and the second electrode are configured to receive the RF and/or
microwave energy from the coaxial cable to set up an electric field in the volume between the first
electrode and the second electrode for striking a plasma therein, and

wherein the probe tip includes an outlet for releasing plasma from the volume.

12. A sterilisation apparatus according to claim 11, wherein the second electrode comprises
at least one aperture to define the inlet in the probe tip to allow ionisable gas to flow from the channel

of the surgical scoping device and into the volume.

13. A sterilisation apparatus according to claim 11 or claim 12, wherein the first electrode
comprises a conductive cap mounted on a distal end of the extension of the inner conductor, wherein
the conductive cap is spaced away from the distal end of the second electrode to define a gap

between the cap and the second electrode to define the outlet.

14. A sterilisation apparatus according to claim 13, wherein the conductive cap comprises at
least one aperture to define the inlet in the probe tip to allow ionisable gas to flow from the channel of

the surgical scoping device and into the volume.
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15. A sterilisation apparatus according to any one of claims 12 to 15, wherein the probe tip
further comprises a piece of insulating dielectric material positioned between the first electrode and

the second electrode.

16. A sterilisation apparatus according to any one of the preceding claims, wherein the

elongate probe has a diameter of 1mm or less.

17. A sterilisation apparatus according to any one of the preceding claims, wherein the gas
supply is configured to supply gas to the channel of the surgical scoping device at a variable flow

rate.

18. A sterilisation apparatus according to any one of the preceding claims, wherein the
sterilization instrument does not comprise a conduit to convey ionisable gas for generation of a

plasma by the electrode assembly.
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