20

30

w
L

40

WO 2014/181077 PCT/GB2014/051164

METHOD AND APPARATUS FOR CONTROLLING PCOWER DELIVERED BY

ELECTROSURGICAL PROBE

TECHNICAL FPIELD

The invention relates to electrosurgical apparatus in
which radiofrequency energy is used to treat biolegical
tissue. In particular, the invention relates to surgical
apparatus capable of generating radiofreguency (RF) energy for
cutting tissue, It may bs used in as part of a surgical
apparatus which alsc delivers microwave frequency energy for
hasmostasis (i.e. =zealing broken blood vessels by promoting

blood coagulation).

BACKGRQUND TO THE INVENTION

Surgical resection is a means of removing sections of
organs from within the human or animal body. Such organs may
be highly wvascular. When tissue is cut (divided oxr
transected) smali blood vessels called arterioles are damaged
or ruptured. Initial bleeding is followed by a coagulation
cascade where the blcod is turned into a clot in an attempt to
pilug the bleeding peint. During an operation, it is desirable
for a patient to lose as little blcood as possible, so various
devices have been developed in an attempt to provide blood
free cutting. For endoscopic precedures, it is also
undesirable for a bleed to occur and not to be dealt with as
soon as duickly as possible, or in an expedient manner, since
the bleood flow may obscure the operator’s wvision, which may
lead to the procedure needing to be terminated and another
method used instead, e.g. open surgery.

Electrosurgical generators are pervasive throughout
hospital cperating theatres, for use in open and laparoscepic
procedures, and are also increasingly prasent in endoscopy
sultes. In endoscopic procedurss the electrosurgical accessory
is typically inserted through a lumen inside an endoscope.
Considered against the equivalent access channel for
laparoscopic surgery, such a lumen is comparatively narrow in
bore and greater in length. In the case of a bariatric patient

the surgical accassory may have a length of 300 mm from handle
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to RF tip, wheresas the eguivalent distance in a laparoscopic
case can be in excess of 2500 mm.
Instead of a sharp blade, it is known to use

radicofrequency (R¥) energy to cut biclogical tissue. The

5 method of cutting using RE energy operates using the principle
that as an electric current passes through a tissue matrix
(aided by the ionic contents of the cells and the
intercellular electrolytes), the impedance to the flow of
elsctrons across the tissue generates heat. When an RF voltage

10 iz applied to the tissue matrix, encugh heat is generated
within the cells to vaporise the water content of the tissue.
BAs a result of this increasing desiccation, particularly
adjacent to the RF emitting region of the instrument (refexrred
to herein as an RF blade} which has the highest current

i5 density of the entire current path through tissue, the tissue

adjacent to the cut pole of the RF blade loses direct contact

with the blade. The applied voltage is then appears almost

entirely across this void which ionises as a result, forming a

plasma, which has a very high voliume resistivity compared to

20 tissue. This differentiation is important as it focusses the
applied energy to the plasma that completed the electrical
circuit between the cut pole of the RF blade and the tissue.
Any volatile material entering the plasma slowly enough is
vaperised and the perception is therefore of a tissue

25 digsecting plasma.

GB 2 486 343 dizcloses a control system for an
electrosurgical apparatus which delivers both RF and microwave
energy to treat bioclogical tissue. The energy delivery
profile of both RF energy and microwave energy delivered to a

30 probe is set based on sampled voltage and current information
of RF energy conveyed to the probe and sampled forward and
reflected power informaticn for the microwave energy conveyed

to and from the probe.

35 SUMMARY OQOF INVENTION

The present invention provides an enhancement to the
electrosurgical apparatus disclosed in GB 2 486 343. The
enhancement concerns the waveform of the RF signal used for

40 tissue cutting, and in particular may amelicrate the impact of
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:adiofrequency (RF) power delivered from
1 instrument into a bioclcogical tissue
the electrosurgical instrument, the
erating an RF waveform; delivering the

o

F channel to the electrosurgical

ingtrument; controiling the profile of the RF waveform by:
=
1

sztting & maximan veltage limit for a voltage applied acros

the kipolar electrosurgical instrument; sampling current and
voltage on the RE channel; and calculating a tissue resistance
ting step

a
including a correction for an impedance associated with the RF

from the sampled current and voltage, the calcula

i

channel; determining an cbjective tissue current ilimit from

isszsue resistance and a predetermined power

~

culated

disszipation target; and dynamically adjusting the current

limit based on the determined objective tissue current limit.
The RF waveform may comprise a plurality of RF signal

pulses; each RF signal pulse may have a profile controlled as
cut above. Where the RF waveform is pulsed the

determined power dissipation target may be 20% or less of
he mazimum power limit, as discussed in the first aspect o
the invention above. When adjusting the current limit, the
methed may take account of stray capacitances and feed cable
apacitance associated with the RF c¢hannel. Such capacitarnces
may be gquantified and treated as a lumped element ca

- the RF channe The method may thus
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he mazimum current limit [fyme as
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where V. is the sampled voltage, I, is the objective

ot

issue current, and X, represents a lumped shunt capacitance

- < S,

ssoclated with the RF channel.

)

The RF channel may have a length of 3 m or more, e.g. to

E

be capable of delivering RF to an endoscopic probe.

Preferably, the RF waveform has a freguency in the range
A p 4

more preferably 300 kHz to 600 kHz.

180 kHz to !

The st of the method may be executed by a suitably

programmed microprocessor, e.g. having an -RF contrcl interval
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in the range 50 ps to 20 ms, more preferably in the rangs 100
Bps te 2 ms.

In another aspect, the invention may provids
electrosurgical apparatus for treating biclogical tissue with
radiofrequency (RF) energy, the apparatus comprising: a
radiofrequency (RF) signal generator for generating an RF
waveform; a probe arranged to deliver the RF waveform from a
distal end thereof; a feed structure for conveying the RF
waveform to the probe along an RF channel; an RF signal
daetector for sampling current and vecliage on the RF channel
and generating therefrom a RF detection signal indicative of
the current and voltage; and a contreller in communication
with the RF signal detector to receive the RF detection
signal, wherein the controller is arranged to: set a maximum
voltage limit for a veoltage applied across the bipolar
elactrosurgical instrument; and calculate a tissue resistance
vased on the RF detection signal and an impedance associated
with the RF channel; determine an cbjective tissue current
limit from the calculated tissue resistance and a
predetermined power dissipation target; and dynamically adjust
the current limit of the RF signal generator based on the
determined objective tissue current limit.

The invention may be used in the context of providing a
pulsed RF cut waveform profile in which each pulse has a
contrcllable treatment portion whosze duration can be truncated
ag necessary to ensure that the average power delivered by the
pulse as a whole does not exceed a predetermined value. 2
limit for the average power delivered by the composite pulse
(i.e. total energy delivered over the duration of the ON and
OFF portions divided by the pulse duration) may be selectable
by the operator. The ON portion may have multiple sub-
portions, which have different purposes. Each pulse may be
autcmatically contrelled for pulse width in this manner, so
that the RF signal effectively responds intelligently to
conditions at the probe tip during treatment.

Thus, the invention may be applied in an electrosurgical
apparatus for resection of bioclogical tissue, the apparatus

omprising: a radiofrequency (RF) signal generator for

G

generating an RF waveform having a first frequency; a probe
arranged to deliver the RF waveform from a distal end thereof;

a feed structure for conveying the RF waveform to the probe
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along an RF channel; an RF signal detector for sampling

current and voltage on the RF channel and generating thsrefrom

a RF detecticon signal indicative of the current and voltage;

and a controller in communication with the RE signal detector
to receive the RF detection signal, wherein the RF =ignal

generator is arranged to deliver the RF waveform as a
plurality of RF signal pulses, each of the plurality of RF
signal pulises having a predetermined power limit and a pulse
duration, wherein the contreoller is arranged to: menitor,
based on the RF detection signal, energy accumulated in the
bizlogical tissue during the pulse duration of each of the
plurality of RF signal pulses, and control the profile of each
of the plurality of RF signal pulses to keep an average power
delivered by that RF signal pulse to the biclogical tissue
over its respective pulse duration below a target value. The
target value for the average power is preferaoly substantially
lower than the predetermined power limit for the RF signal
pulse, e.g. less than 50% thereof, preferably in the range 15-
50% thereof, more preferably in the range 20-30% thereof.

This arrangement of energy delivery provides two main
advantages. Firstly, it enables a high peak power, useful for
initiating cutting action, to be used without undesirably
increasing the total energy delivered intc the biclogical
tissue. Secondly, it enables a pulsed waveform to dynamically
adapt to the treatment conditions to ensure that energy is

elivered efficiently without causing arcing or other unwanted

Q_.

<

artefacts at the probe tip.

For the purpcse of bipolar electrosurgical dissection,
the basic waveform gensrated by the RF signal generator may be
& sine waveform of greater than 260 Vrms at a radic frequency
of between 100 kHz and 5 MH=.

The controller may comprise a digital microprocessor
(2.9. microcontrolliern) programned to output an RE control
signal for the RF signal generator, wherein the prefile of the
cut initiation portion and/or cut sustain pertion of each RF
signal pulse is controlled based on a state of the RF control
signal. Herein “profile” may mean the shape, e.g. any one or
more of the duration, amplitude, and waveform, of the relevant
portion of the RF signal pulse. In practice, this control may
be achieved by setting limits on the voltage and current

delivered to the probe. Preferably, the controller is
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duration ¢f the ON portion of

31 pulses to keep an average power

pulse te the

i} O‘

duration below
be arranged to cause each of the

ises to include: a cut initiation

y controllier seit=z a cu
voltage limit for the respective RF signal pulse, and a cut

1-

sustain portion ﬂu;ing which the sets a cut sustain

voltage limit for the respective RE signal pulss, whersin the

cut zustain voltage limit is less than the cut initiatioen
oitage limit, and the cut sustain portion follows the cut
initiation portion. Preferably, the cut initiation }\r*iog is
a

uniform in each RF signal pulse, i.e. with

'1les of the cut sustain portion. In practice, this may

sustain voltage iimit and
varying the duration of the cut sustain pertion. The power
level depends on the current and voltage delivered on the RF
channel. In cone embodiment, the voltage limit does not change
within each cf the cut initiation porition and the cut sustain
po“Lions the power level is controlled by adjusting the
rrent, for a given impedance at the load end of the RF
channel. Thus, the contrecller may be arranged to control the
uration of the cut sustain porticn to cause an average power

1 tissue

d
delivered by that RF signal pulse to the biologic

tor
he PWM IC controls an input signal to the RF signal
generator (e.g. a DC input to a RF invertexr), and hence

3 b
3

RF waveform generated by the RF signal
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The state of the RF contrel signal may be determined by a

1

control loop, which runs repeatedly throughout the pulse

duration of each RF signal pulse. The faster the control loop

runs, the guicker the s

e

ignal can adapt to the treatment
conditions. The control lo#p pericd may ke 10 ms or less,
s &

preferably 100 ps or les - duration of the cut

initiation portion may correspond tc a predetermined number of
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control loop pericds. The control loop may function to
adaptively set limiting values for the voltage and current
d=livered teoc the prcbe.

Each pulse duration may include an OFF portion in which

no power is delivered, the OFF portion being between the cut

(%2}

sustain portion of its respective pulse and the cut initiation
portion of the next pulse. The puise duration for each of the
plurality of RF signal pulses 1s preferably constant, which
means that duration of the OFF portion may vary in a

10 complementary manner with the duration of the cut sustain
portion. Preferably, the control loop is arranged to ensure
that the OFF portion can have a minimum duration. Each pulse
duration may also include a short information acguisition

portion (e.g. to detect the impedance of the load at the

!
(93]

distal end of the probe) before the cut initiation portion.
During the acquisition portion the controller may be arranged
set a currsnt or voltage ilimit that would prevent the
pradetermined power, voltage and current limits being
exceeded, in the absence of any tissue impedance data, e.g. a
20 voltage limit Vimie may be set as Pumi/limic. where Puymg and fpni
ars the power and current limits respectively from the three
parameter load curve associated with the apparatus
configuration. In a preferred embodiment, a wvoltage limit

from the acguisition portion is set to be the same as the cut

38 ]
o

initiation voltage 1imit, and the current limit is set to a
value for an unloaded cable or for the intersection between
the power limit boundary and the voltage limit boundary of the
three parameter load curve. As euplained below, setting the
current limit may comprise determining a target current and
30 computing from a value for the current limit at the generator
by considering a lumped shunt capacitance associated with the
KE' channel. In this case, the target current may be
calculated as fp = PV, where P, is the intra pulse power
limit and Vi, is the cut initialisation voltage limit.
35 Controlling the wvoltage limit in the absence of tissue
impedance data to assure the power limit is not exceeded is
almost certain to result in a non-cutting data acquisition
portiocn, whereas controlling the current limit to assure the
power limit is not exceeded in the absence of tissue impadance

40 data tends to result in a non-cutting data acquisition portion
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edominantly when the tissue impedancs is low and 1s more

likely to result in an

2arly pulse length termination based on
macrescopin average power limiting. The current 1imit control
o)

paradigm may therefore be likely to be

-

l

i~

cutting, in the more prevalent scenario of cutting with light
tissue contact.

Thus, in practice, the controller may be arranged to stop
the cut sustain pertion (i.e. switch the delivered power to

zero 1f the monitored accumulated energy exceeds a

predetermined threshold. The accumulated energy may be

determined by obtaining one or more measurements cf voltage

and current on the RF channel in each contrel loop period in
order to determine an amount of enexgy delivered during that

control leoop period. The accumulated energy over N

lata acquisition points) may be expressed

."\

.]l

measurements (i.e.
as YN _V.I,t, where V; is the measured voltage of the nth data
acguisition point, [, is the measured current of the nth data
acguisition point, and tv is the duration betwezen each data
acguisition point {assumed here to be constant). Measurements
may be taken every 10-20 ps, for example. The predetermined
thresheld for the accumulated enexgy may be programmed into
the device, and may be asscciated with an average power to be
delivered by a notional static pulse profile For exzample, it
iz known that RF cutting can be performed batl°faCLOfllj by a
of 71% with an average power

th

pulsed signal having a duty cycle

13

of 30 W. For a pulse duration of 140 ms, this equates to an

energy shot of 4.2 J per pulse, which may be used as the

uls
predetermined threshold or t

arget. Jf the accumulated energy
exceeds the threshold, the state of the RF contrel signal may

cause the RF signal pulse to switch to the OFF portion until
the start of the next pulse. However, if the OFF pertion is

to have a minimum duration, the control loop may be arranged
t

e

to terminate the cut sustain portion if the ON portion

. total duration of the cut initiation and

[

duration (i.e. th
cut sustain portions) exceeds a threshold, even if the
accumulataed energy 1s less than the target.

As mentioned above, the predetermined power limit for
v

each RF signal pulse may rnore than three times greater than

-

the target value for the average power. For example, the

predetermined power limit may be 100 W while the target value
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feal

for the compesite pulse average power may he 35 W or less,

preferably 30 W or less. The cut initiaticn voltage limit may

r

gel. higher than the cut s

ustain veltage limit to encourage
n

eak power to be delivered into tissue during the cut

5 initiation portion of the pulse. The cut initiation wvo "aqe
limit may be 300 Vrms or more. The cut sustain veltage limit

may be 2380 Vrms or less.
The apparatus may further include microwave signal

detectors for respectively sampling forward and reflected

10 power on the microwave channel and generating therefrom a
microwave detectlon signal indicative of the microwave power
delivered by the probe, wherein the contreller is in
communication with the microwave signal detectors to receive
the microwave detection signal, and 1s arranged to output a

microwave control signal for the microwave signal generator,

[
wi

wherein the profile of the microwave frequency energy
dezlivered by the microwave generator is controliable based on
a state of the microwave contrel signal. The contreller may
be adapted tc take account of attenuation between the prcbe

20 and the microwave signal generator when determining the state
for the microwave control signal. In practice, this means
ithat the power of microwave frequency energy delivered into
tissue can be controlled. In one embodiment, the apparatus is
arranged to deliver an average power of 8 W of microwave

ensrgy into biological tigsue.

N
n

The probe may comprise an electrosurgical resection
instrument for applying to biclogical tissue the RF EM energy,
the instrument comprising: an instrument tip comprising a
planar body made cf a first dielectric material separating a

-4

30 first conductive element on a first surface thereof from a
second conductive element on a second surface thereof, the
second surface facing in the opposite direction to the first
surface; a coaxial feed cable comprising an inner conducter,
an outer conductoer coaxial with the inner conductor and a

35 second dielectric material separating the inner and outer
conductors, the coaxial feed cable being connected to the feed
structure for conveying the RF waveform to the instrument tip;
and a protective hull comprising a third piece of dielectric
material mounted to cover the underside of the instrument tip,

40 wherein ths inner ceonductor is elsctrically connected to the

first conductive element and the outer conductor i=
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cutting element to enable

trically connected to the
the instrument tip to receive the RF waveform, wherein the
t and second conductive elements are arranged to act as
active and return electrodes to conduct the R¥ waveform to
5 tissue from a distal or side portion of the planar body, and
wherein the protective hull has a smoothly centoured convex
undersurface facing away from the planar body.
The first and second conductive elemsnts may be arranged
to provide a local return path for RF energy, i.&. a low
i0 impedance route for RF energy to bhe transperted between the
first and second conductive elements and the tissue. The
first and seceond conductive elements may be layers of
metallisation formed on opposite surfaces of the first
dielectric material. The first and second conductive elements
i5 may be arranged to set up a local electric field at a contact
region in which the instrument tip makes contact with the
biological tissue. The local electric field can be extremely
high, which when present across a lossy conductive medium may
cause a micrcoplasma (i.e. a hot thermal plasma) to be formed
20 at the distal or side portions of the planar body, e.g. where
contact is made with the biological tissue. The microplasma
may be desirable in terms of achieving efficient cutting. The
first and second conductive elements may include portions,
e.g. plated regions at and adjacent the distal side portion,
25 made from conductive material having a high melting point,
e.g. 1500°C or more, such as titanium, tungsten or the like.
Using such materials may prevent the high temperatures of the
microplasma from eroding the first and second conductive
elements. The first and second conductive elements may also
30 include connecting portions made from conductive materials
having lower melting points (e.g. silver, gold and the like)
deposited or plated on the higher melting point conductors.
The connecting portions may facilitate connection of the inner
and outer conductors of the coaxial cable, e.g. by soldering
38 or the like. In one arrangement, a titanium tungsten (TiW)
seed layer may be used with a layer of silver (Ag) or gold
(Au)} deposited on the top. The lower melting point material
may be deposited onto the higher melting point material only
in the region where the ccaxial cable inner and outer

40 conductors are to be attached, i.e. at the proximal end of the
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instrument only, and not along the sides thereof, where the
microplasma will be generated.

The layers of metallisaticn may be formed from
biocompatible materials, e.qg. any of silver, titanium and
gold. Table 1 below gives the melting and beiling points forx

materials considered for this device:

Material Melting Point (°C) Boiling Point {°C)
Tungsten (W) 3422 5585
Titanium {Ti) 1668 3287
Silver (Ag) 9¢1.78 2162
Gold (Au) 1064.18 2856

Table 1: Melting and Beiling Points for conductive

materials suitable for use on the instrument tip

Cutting can occur at any edge of the planar structure
where there is good, direct contact between both conductors
and tissus. Simultaneous gocd contact between both conductors
is more likely if the separation between conductors is small.
The plasma is more likely to form at the conducter with the
poorer contact with tissue as this tissue tends to desiccate
sooner. Once a plasma has formed at one conductor there is a
hysteretic effect arising from the dramatic increase in local
impedance which tends to avoid the locaticn of the plasma
switching back and forth within one continuvous application of
an RF waveform.

The undersurface cf the protective hull may smoothly
taper at its perimeter to meet the side of the plarnar body.
The thickness of the protective hull may also decrease towards
the distal end of the instrument tip. Thus, the outer portion
of the protective hull may have a convex profile. The
undersurface may have a leongitudinally extending recessed
channel formed therein. The tapering edge profiile and
recessed channel may cause the undersurface of the protective
huall to comprise a pair of ridges. This shape may reduce the
risk of the instrument digging into the bowel wall and causing
a bowel perforation or may protect the portal wein or
pancreatic duct from being damaged. The particular dimensions

of the hull (e.g. length, width, thickness, etc.) may be
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adapted to sult the intended uss and

a biccompatiblie

ctive hull may be formed £
materjal, such as ceramic or biocompatibkle
es not stick toe the wall of the bowel (or other

issue) or the like. Zlternatively, the hull may

ial, e.g. titaniwe, steel,

G

i
r may be a multi—layer structure. It may be attached {e.g.

bonded) to whichever one of the first or szecond conductive

10 elements is irst dielectric
However, in one arrangement, the +tive hull may be formed
of the same material as the first dielectric material. The
protective hull and first dielectric material may be formed in
one plece as a unitary body. In this arrangement one or more
15 planar slots may be formed {e.g. cut) in the unitary body to
alliow a conductive material to be inssrted to form the first

andé/or second conductive material.

The instrument tip may ke curved at its distal end
bztween the side edges of the planar body. The cuxrve may
20 describe a parabola in the plane of the planar body. The
distal end of the protective hull may be curved in a similar
manner. This shape prevents the instrument tip from

presenting sharp corners te the biclogical tissue. This shape
may also enable cutting to be performed in a direction

diagonal to the long axis cf the device, in additicn to

\S]
o

cutting in the sawe direction or in a direction perpendicular
to the long axis.

The instrument may include a fluid feed conduit for
delivering fluid {e.g. saline) to the instrument tip. The

‘eced conduit may comprise a passageway through the

3]
L
"
=
o
-
(

[t

protective hull for delivering filuid to the treatment site.
he passageway may include an outlet located in the recessed

channel of the protective hull. The fluid (liguid or gas) may

be conveyed to the instrument (protective hull) through a

35 corresponding passageway formed within the coaxial feed cable.
The fluid feed conduit may also be used to deliver other
material to the treatment site, e.g. a gas or a solid (e.g.
powder). In one arrangement, injection of fluid (saline or
the like) is used to plump up the bhiological tissue at the

40 treatment site. This may be panti where the

instrument i1s used to treat the wall of the bowel ¢r the wall
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of the ossophagus or for protecting the pertal vein or the
pancreatic duct when a tumour or other abnormality located in
closze proximity, in corder to protact these structures and

ssue in this

create a cushion of fluid. Plumping up
manner may help to reduce the risk of bowel perforation
damage to the wall of the cesophagus or leakage of from the
catic duct or damage te the portal vein, etc.

It is advantageous to be able teo use the same instrument
iv

ver fluid as delivers RF and/or misrowave energy since
e

o
or during treatment. The ability to introduce fiuid using the
same treatment structure enables the level to be topped up as

soon as deflation occurs. Moreover, the use of a single
instrument to perform desiccation or diszection asz well as to
introduce fluid also reduces the time taken to perform the
overall polyp removal procedure, reduces the risk of causing
harm to the patient and alsc reduces
More generally, injection of fluid may be used to flush
reatment region, e.g. to remove waste products or removed
Tissue to provide better visibility when treating. As
wentioned above, this may be particularly useful in endoscopic

ocedures.

ol

The fiuid feed conduit may include a needle {(e.q.

hypodermic needle} mounted beneath the planar body in the

rzcessed channel of the protective hull. The protective hull
may include a guide passage for receiving the fluid feed

conduit. The needie may have an outer diameter less than 0.6
mn, e.g. 0.4 mm. The nesdie may be movable in the
longitudinal direction between a deploved position in which it
protrudes bevond the distal end of the instrument tip and a
retracted pesition in which it ig set back from the distal
edge of ths instrument tTip, e.g. below the planar body or

locates proximal to the planar baody. Th

e needle may be open
to fluid flow at the proximal end or side of the needle and
may be moved using one or more control wires. For example,
the proximal end of needle may be open to the passageway
formed within the coaxial feed cable. The nesdle may be
protective hull. Tha

._
o
v
—
o
o

mounted in a through hole formed ir
akble interference fit with the

o}

needle may be formed an sli
the through hocle to create a

through hole, where it plh
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resistance through the neadle when it is

r
in the deployed position. This srrangement may prevent

i g =

through hole

strument tip.

=

be formed by & tube or similar close-fit bearing suriace

mounted or formed at the underside of the protective hull,
e.g. 1in the recessed channel.

The instrument may include a sleeve for conveying the
coaxial cable, fiuid feed conduit {(if present) and control
wire(s) ({if pressnt) to the instrument tip body. The
ured (=.9.

P
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i
tip body and protective hull way be

bonded) intc a distal end of the sieeve. The sizeve may

torque from its proximal end to the instrument tip. In one
arrangement, the braided cable may be made from Pebax®
material, and may comprisze a plastic outer jacket with a metal
braid attached at cr to its inner wall. This type of sleeve
may provide useful torque stability, whereby & twisting force
applied to a handle attached to a proximal pertion cf the
outexr jackst of the sleeve 1is tranzform=d accurately to a
rotation motion of the instrument at the distal end of the
sleeve. Preferably, the translation between the prozimal end

twist of 20 at

¢

¢}

and the distal end is one to one (1:1), i.

the proximal end should lead to a 20° rotation of the

-

instrument tip.
The needle 1is slidably movable with respect te the
protective hull through o2ne or more contrcl wires, which may
be actuated via a suitable slide actuator at a preximal end of
the instrument. Preferably, the needle is slidable back and

fluid supply passageway which conveys
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the fluid te the needle for delivery. The fluid supply

passageway may be an integral part of the sleeve, or may be a

ically mounted in the sleewve. The abllity to move
the needle back and forth while conveying fluid te the needle
through a conduit which deoes rnot moeve relatively tce the sieeve
enables a retractable needle to be provided within a sma
diameter sleeve than a device in which a fluid delivery tube
must slide along the length of the sleeve,
The sleeve may comprise a multi lumen tube. The lumens
ezrxtruded separator element

The extruded =zeparator element

may include a U-shaped channel for guiding the coaxial cable
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anc one or mere threough holes for carrying the fiuid feed
conduit and control wire({s).

The diameter of the sleeve is preferably less than 2.8 mum
to enable it to fit down the instrument channel of an
endoscope. The handle for applying torque to the sleeve may
be located at the prozimal end of the sleeve, near the
endoscope controls.

The instrument may include a cap element at the distal
end of the sleeve, the cap element covering the slectrical
joint betws=en the coaxial cable and the first and second
conductive elements. The cap element may be formed from a
heat shrink material or from potting adhesive. Protecting the
jeint in this way may prevent arcing from occurring at the
electrical joint during use. In particular, the cap element
is arranged to seal the distal electrical connections Ffrom
fluid at the instrumeni tip. Ingress of fluid to the Jjunction
where the co-axial cable is connected to the parallel plate
planar transmission line is undesirable, as either the
microwave energy may be abscrbed, which will lead to heating
and the energy not being delivered along the edge of the blade
in an efficient manner, or the device will breakdown or
fiashover due to the lower breakdown voltage. The potting
adhesive may comprises a combination of glues, e.g. low
viscosity and high viscosity UV curing medically approved
glues may be used such as Loctite® 4304 or Loctite® 4305, the
low viscosity adhesive being useful for filling gaps, and the
low viscosity being useful for wicking the adhesive into very
fine potential fluid paths.

The instrument tip may also be arranged to receive
microwave frequency energy. The coaxial cable may be arranged
to convey & microwave signal separately from or simultanesously
with the RF signal. The first and second conductive elements
may be arranged on the first dielectric element to act as a
near field antenna to radiate microwave frequency energy
corresponding to the received microwave signal.

This arrangement may make use of the ability of the
instrument to be “seen” differently by the RF signal and
microwave signal. For the RF signal, the instrument tip may
be modelled as a parallel plate capacitor. The electric field
set up by the RF signal between the first and second

conductive elements can be substantially contained with the
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tting the edges
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<
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planar body (first dielectric

of the first and second conductive layers back from the side
‘ .

cutside the planar body. In
t

“his be extending the
adges of the first and seccond conductive layers up to the side
edge of the planar body in a region designated as an RF
cutting portion. The RF field set-up between the two plates of

paraliel plate capacitor (or planar transmission line} and

i0 pled into the biclogical contact
with cne or more edges of
nmicroplasma and the micropl
tissue cutting process.
Meanwhile, for the microwave signal, the instrument tip
i3 may be modelled as a parallel plate transmission line with the
planar body representing 1
conductive plates. The radiation pattern of the microwave

9

fraquency EM energy in this case depends on the overall shape

of the planar body and the microwave feed ztructure. In this
2¢ particular instance, the gap at the proximal end between the
co-axial feed line (centre conducteor) and the upper conductive
laver plays an important rele in ensuring that the microwave

snergy from the source is matched in terms of impedance with

he load impedance presented by the tissue. The overall length

of the planar transmission line arrangement is alsc important

25

in terms of matching the impsdance {or the energy delivery) of
(or from) the coaxial transmission line with (or into) the

=

biological tissue, i.e. the structure may form a _uarter wave

s

1

impedance transformer or a half wavelength resonator. Using

known simulation tools, this mayv be modelled to control fro

which edges the microwave frequency EM energy is radiated.
For examplie, the instrument tip may be configured to inhibit

radiation of the microwave frequency energy from a distal edge

of the planar body.

23 Herein, radiofrequency (RF) may mean a stable fixed
freguency in the range 100 kHz to 5 MHEz and microwave
frequency may mean a stable fixed frequency in the rance 300
MHz to 100 GHz. The RF energy should have a freguency high

enough to prevent the energy from causing nerve stimulaticn

S

and low enocugh to prevent the energy from causing tissue

oEa
[

bianching or unnecessary thermal margin oxr danage te the
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tismue structurs. FPreferred frequencies for the RF ensrgy
include spot freguency in the range 100 kHz to 1 MHz.
Preferred spot frzquencies for the microwave energy include

915 MH=z, 2.45 GHz, 5.8 GHz, 14.5 GHz, 24 GHz.

BRIEF DESCRIPTION OF THE DRAWINGS

Examplas cof the invention are discussed below with
reference te the accompanying drawings, in which:

10 Fig. 1 is a schematic drawing of an electrosurgical
apparatus that is an embodiment of the invention;

Fig. 2 is a schematic graph showing the profile of an RF
signal pulse used in an embodiment of the invention;

Fig. 3 is a graph showing an ideal three parameter load

15 curve that may result from implementation of the control
method of the present invention;

Fig. 4 is a partly transparent perspective view of an
electrosurgical instrument that may be used as a prcbe in an
application of the present invention;

20 Fig. 5 is a front view of the instrument of Fig. 4;

Fig. 6 is a top view of the instrument of Fig. 4;

Fig. 7 is a side view of the instrument of Fig. 4;

Fig. 8 is a flow diagram illustrating a contrcl method
for accurately controlling the power delivered at a probe tip,

25 which is an embodiment of the invention; and

Fig. 9 is a flow diagram is a flow diagram illustrating
how the current limit is calculated in the control method of
Fig. 8.

30 DETAILED DESCRIPTION; FURTHER OPTIONS AND PREFERENCES

Earlier electrosurgical systems required the surgeson to
determine optimal settings for sach surgical accessory (s.9.
prebe) from instructions for use, training and experience.

35 This far from optimal arrangement was improved with increasing
incidence of designs allowing for pre-selection by the
generator of default initial treatment settings, based on the
accessory type attached and the treatment procedure to be
conducted. Fre-selection might be as a result of manual

40 selection of the surgical accessory from a user intexface menu

on the generatoer, or by automatic recognition of the accessory
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by communication betwesn surgical accesscry and
electrosurgical generator. Even in such a design, the surgeon
could be raguired to modify the generator =zettings to achieve
optimal settings for a given patient, surgeon technique and

5 surgical procedure. In practice, in the absence of evidence of
the effect of each generater setting, and as a result of the
lack of knowledge of how to efficiently navigate settings
menus, these newer gensrators generators are predominantly
uszd with default but potentially suboptimal settings for all

10 or part of a procedure.

Embodiments of the present invention provide an automatic
adaptation of the generator output to suit the detecte
surgical conditions without regquiring operator intervention,

thereby freeing the clinician to focus on other pressing
aspects of patient treatment.

A problem particular to the endoscopic application of
such a device, arises partly as a constraint of restricted
size, and therefore the thermal mass of the RF blade. It is
typical for the endoscope iumen through which the blade must
ass to be of the order of 2.8mm diameter. This iimits the
design scope to mask off parts of the RF blade that are
exposed to tissue but which do not add to dissection

performance. These constraints are distinct from a similar RF

20

U

dissection device in a laparoscopic envirorment, where the
25 norm is for a 5 mm diameter port lumen.

In endeoscopic procedures the clinician is typically
addressing pathologies on the inner wall of the alimentary
canal, and a subset of these procedures involve dissection
within the heterogeneous layers of these walls. Such

30 procedures are collectively known as Endoscopic Mucosal
Resection (EMR).

A further particular distinction of the EMR application
is that in a first part of the procedure the klade may be used
to dissect with superficial contact to tissue, just beyond the

35 margin of a tumour that has not invaded the outer layers of
the digestive lumen; and in second part of the procedure the
same blade is required to dissect under the tumour and achieve
separation from the muscle layers. In this second part of the
procedure, a significant preportion of RF blade may be in

40 intimate contact with the flap tissue. For ease of separation

of tissue strata, the specimen flap being resected may be




WO 2014/181077 PCT/GB2014/051164

0

fus

3
cany b
H

tended and conveniently tumesced by injection with suc

dist 1 as
saline, hyalurcnic acid or a solution of succinyiated
galatine. The term Endoscopic Submucosal Dissection (ESD) is
the term used for the development of EMR procedures augmented

5 by the means c¢f injected fliuids, and is distinct in scope
1

d

from EMR as it allows for en-bloc dissection of 2 cm and

greater diameter mucosal tissue zpecimens.

From a surglcal operator’s point of view, it is desirable

for the RF cutting instrument to provide a minimally

10 interrupted cutting performance, which in the first part of
the procedure is possible as there is only limited contact
between tissue and instrument tip. However, during the
second part of the procedure the specimen flap cannot easily
be separated from the instrument tip and the result is a large

15 contact areas between the active parts of the instrument tip
and the tissue, despite the desire being to only have contact
at the periphery of the instrument tip for dissection
purpcses. In additicn where there has been pooling of injectead
fluids under the specimen flap thare is a requirement for the

20 blade to be able to achieve cutting while immersed in fluid.
hese fluids may be electrically conductive which affects the
efficiency of plasma generation, and will be more thermally
conductive which tends to thermally guench the plasma cutting

edges of the RF instrument tip. In this latter case the RF
waveform must deliver much more power to initiate and sustain

N
ion

the cutting plasma.

Towards the end of the procedure, the clinician has
typically advanced to the point of almost having completely
detached the tumour specimen from the lumen wall. At this
stage it is likely that the blood supply to the specimen will

have been stemmed and this tends to reduce the ohmic

w
o

conductivity of the remaining tissue, as blood is electrically
conductive at RF frequencies. In addition where the fluilds
injected to tumesce the specimen and its margins are of a non-

35 polar nature, the result can be that the tissues in electrical
contact with the RF blade at the final part of dissection are
much higher in impedance, which makes the focussing of heat
around one part of the RF blade more difficult. Without =uch a
focus, the fluids in the tissue local to the blade will be

40 more difficult to lecally desiccate and, thus it is more

difficult to create the conditions for initiating a cutting
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plasma. To create the same level of (VZ/R) heating in the
volume that will be become a cutting plasma, the applied
voltage must be increased to counteract the increase in
circuit impedance.

To address this issue the waveform is further optimised
by periodically having a short duration increase in voltage
amplitude. The rationale for the short duration is that this
minimises the average dielectric heating in the insulation
layers of the surgical accessory or on any eschar built up
acress said insulation; but from the point of view of impact
on plasma generaticn, 1t may ke almeost as effective as a
waveform of a continuously higher voltage amplitude. The
reason for this is that, counterintuitively, a plasma volume
such as deployed for RF cutting of tissue, has a much higher
impedance than tissue. As a plasma is generated therefore, the
voltage that is dropped across the portion of tissue which
does not form part of the plasma, falls. The voltage applied
by the RF cutting blade is predominantly acress the plasma,
and one could expect the current delivered by the surgical
accessory to the tissue to fall for the same amount of
delivered power. In fact if the voltage applied is dropped to
that just required to sustain local power density maintaining
the plasma, the power level applied to the aggregate medium of
tissue and plasma can often fall. This effect described above
may be enhanced by the presence of a small amount of
conductive fluid at the treatwent region. The instrument may
therefore be adapted to deliver one or more droplets of
conductive fluid (e.g. saline) to the distal end thereof.
Where the instrument includes a retractable needle, the
conductive fluid could be delivered from the needle in its
retractable position, whereby it will flow toward the
treatment region at the distal end of the probe.

As mentioconed above tissue may adhere to the instrument
tip and in particular adhere across the insulaticon that
separates the two electrical poles of the instrument tip
structure. As this tissue ohmically heats up from the applied
RF voltage the hydrocarbons dissociate and the carbon residues
are an increasingly conductive resistance in shunt with the
patient tissue being treated and so increasing amounts of
power are required to sustain cutting perfermance. This can

become a runaway process culminating in premature bhlade
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failure from loss of metalilisation and from temperaturs

excursion of the bvlade insulation. This process can be

mininised by periocdically interrupting 1
waveform. The plasma edge of the blade is rapidly guenched
5 during the OFF portions of the RF waveform as liquids re-
establish physical contact, and this tend to be self-cleaning
and reduces the average temperature of the instrument, thereby
extending the useful life of the instrument.
Thus, in addition to a desire to have transiently higher
the

10 power levels and transiently higher voltage levs
waveform preferably also has periodic OFF period
interruptions.

In one application, the present invention may be used
with an electrosurgical generator arranged to deliver an

15 adaptive RF cutting waveform with the following
characteristics.

Firstiy, the waveform is regularly pulsed in nature. In
this embodiment the period of each pulse is 140 ms, although
the invention need not be restricted to this. The maximum O

20 time of each pulse is restricted to 100 ms. This guarantees a
minimum OFF portion for each pulse (having a duration of 40 ms
in this embodiment) in which the instrument tip te be guenched
and under veltage iimit impedances reduces the dissipation in
debris adhered to the blade to 70% of that for an

25 uninterrupted waveform.

Secondly, each pulse has a peak power limit that is much
greater than the average power for the pulse. In this
embodiment the average power level is limited to 3C W,
although the clinician may elect to usefully adjust it between

30 20 W and 35 W. However, the RF signal generator may be
capable of generating RF waveform with a cycle average power
level of up to 100 W. Thus, to meet the average power level
rastriction for the pulse, the ON portion <¢f each 140 ms pulse
can be curtailed if the energy delivered per pulse is ceomputed

35 to exceed allowed average power level multipliéd the pulse
period (e.g. 30 W = 0.14 s = 4.2 J)

Thirdly, the leading edge of each ON portion of a pulse
has a higher cut initiation voltage limit followed by a lower
cut sustain voltage limit, which is maintained to the end of

40 the ON portion of that pulse. In this embodiment this t

cu
initiation veltage limit is set for up to 20 ms from the
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the ON p@xtion of the pulse, and has an

Vrms.

generaltor varies wit

enerqgy delivered by the RF signa
u

i
1L RF signal pulses. The duration (period} T of each

pulse is the same, e.g. 140 ms in this ample. The voltage
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ntrolled via a centrol signal from a microproce

controller in accordance with the present inventi
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1 tiszue, {ii) a liwmit

across the poles cof the instrument
tip, and (iii) the power delivered tec the tissue.

The raticnale for using these parameters is as follows.

Firstly, at low tissue impedances, the ceili
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sufficiently high to sustain the desir

tting. Thirdly, at moderate tissue impedances, the ceilin

e}

energy delivery to the

power limits the macro

r"

temperatures can be met
for cutting. An ideal load curve showing the balance babtween
iz limits is depicted in Fig. 3.

Of these three parameters, current under low tissue

L)
[

impedance conditions, and voltage at high tissue impedance
conditions can be readily measured at the generator at the
output of the RF synthesis stage, and used to regulate

waveform amplitude. Power is more challenging to derive
25 directly across a range of tissus impedances due to the impact
on measurement of parasitic impedances of the accessory cable.
To provide the reguired powexr limit control at moderate
tissue impedances, the invention uses current and voltage

ut of the RF synthesis circult, and a
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capacitance associated with stray capacitances and feed
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structure (i.e. cecaxial cable) capacitance to dynamically
compute the tissue resistance. From this information the
current limit at the output of the generator can also be
dynamically adjusted to that required to provide the reguired

dissipation in the tissue resistance. BAn advantage of having

o

at a persistent computation of the tissue current and
resistance is that the controller is able to also maintain a
computation of the actual energy delivery over a given pericd
of time, despite any temporal variations in the generator

10 output power.

When the envelope of the applied cut waveforms is pulsed,
the rate of power control needs to be short compared to the
mark (ON) time of the pulse, so as to have control over most

controller thus runs a

[

of the mark time. The microprocessoc

15 control loop routine to set the state of the control signal.
The pulse duration 7 may be set as a multiple of the control
loop routine period. For example, the control loop routine
period may be 10 ms, but is preferably 100 ps or less.

The contrel loop routine functions to dynamically adjust

20 the current limit betwesen a minimum value corresponding to the
expected current with no tissus connection to the probe (i.e.
Viimie/Xc) and a maximum value corresponding to the limit set for
low tissue impedances.

In a practical embodiment, the RF signal generator, which

25 may be a 40C kHz source, is couplad to the probe (RF cutting
instrument) by a feed structure that can be treated as a
combination of transmission lines of short electrical length
(i.e. physical length/wavelength « €.01l), and accordingly a
lumped equivalent circuit approximates with sufficient

30 accuracy to the combination of distributed series inductance
and shunt capacitance elements.

In an example system embodiment with a coaxial feed cable
length between generator fascia and probe of 3.8 m, the lumped
shunt capacitive impedance X, is measured as -j800 {) or about

35 500 pF. In practice this may be comprised of stray
capacitances in shunt plus the predictable lumped shunt
capacitance of the surgical accessory cables.

In this embodiment the coaxial cable has a characteristic
impedance of 50 {1 which allows a ceiling value to be estimated

40 for the lumped series inductor, at 1.2 pH or about 33 Q. The
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impact of the this ignored lumped seriss element on the

calculation of the power delivered to tissue is only

0]

ue
significant at low tissue impedances. Low tissue impedance i
¢

only a transient condition at the cnset of

#

ut waveform
application or is a tissue condition that will not involve RF

condition that

u

cutting if sustained and as such this is not
is particularly pertinent te a cutting waveform. Further, at
such a low tissue impedances, the power control limit wlll be
overridden by the fixed output current 1limit contrel.

As shown in Fig. 8, at the start of each RF signal pulse
pericd, the control loop rcutine may be set to output a first
state for data acgquisition before initiating the cutting
action. The first state corresponds to a short information
acquisition portion f,, to detect the impedance of the load at
the distal end of the probe. During this portion, the initial
current limit for the output of the RF synthesis stage, in the
absence of any valid tissue impedance data, is that
corresponding to the expected current with no tissue
connection tc the probe. The first state corresponds to a
data acquisiticon portion of the pulse, where the cut
initiation veltage limit Viyme is set high, e.g. 305 Vrms, and
the current limit I, is set to Vi /X.. where X. is the
impedance of the feed cable. This is a conservative setting
that ensures that irrespective of the tissue impedance, the
lead curve boundary is not exceeded. In an alternative
(preferred) approach, the current limit Iy, is set to the
value corresponding to the expected current at the generator
where the load curve voltage limit boundary intersects that
power limit boundary. In this case, target current may be
calculated as /p = PppVimie, where Pp, is the intra pulse power

limit and Vi is the set veltage limit. The current limit

limir can be calculated as ]umitz‘}(l“mw/){c)z + 1%, where Vi is

the set voltage limit, [; is the target current, and X
represents a lumped shunt capacitance associated with the RF
channel.

As the RF enerqgy is delivered to the probe, the contrcl
leop routine is arranged teo acquire (e.g. from a plurality of
data acquisition points) detected voltage and current

45

information from the R¥F signal detector. Periedically, e.g.




WO 2014/181077 PCT/GB2014/051164

every 10 ms, the acquired informaticn may be used to calculate

sistance at the instrument tip using a value

a value for the »
for the lumped slement shunt capacitance mentioned above, e.g.

using the formula

1
((louc/vout.)z—‘];/xcz) .

The calculated tissue resistance is used in turn to

calculate a desired tissue current, e.g. using the formula
le = (Pser/Rt)
and hence to dynamically update the current limit to

constrain the current at the instrument tip to a desired range

et
<

over the remainder of the ON portion of the pulse, i.e. the
cut initiation portion and cut sustain portion. The current

limit may be set using the formula

himie = J(VouL/Xc)z + Itz .

B result of updating the current limit in this way will

"

Jest

be te limit the delivered power to Py over the range of tissue

impedances defined in the load curve. Fig. 9 illustrates this

sub-routine of the control loop in more detail.

In this example, after the data acquisition portion, the

20 controller is arranged to output a second state, which

corresponds to a cut initiation portion of the pulse. In this

embodiment, the cut initiation portion has a set voltage limit

Vini that is the same as the data acquisition portion, i.e. 305

Vrms. The control loop routine may be programmed to maintain
25 the cut initiation voltage limit for a predetermined length of

time fj;, which may correspond to a multiple of the control

loop routine period.

When the microprocessor controller determines that the

predetermined length of time {;,; has elapsed, the control loop
30 routine is arranged to output a third state for sustaining the
cutting action. The third state corresponds to a cut sustain
voltage limit Ve for the pulse, which is set to a lower value
than the cut initiation voltage limit, e.g. 5-10% less than
Vinir ©.9. 290 Vrms.

The control loop routine may monitor the accumulated

W
w

energy delivered by each pulse. The accumulated energy is

determined by using the voltage and current information from
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i each control loop routine

period in order to calculate an amcunt of energy delivered

d energy over

during that control loop period. The accumulats

ition points) may be expressed

a8 jﬁzlﬂﬂnr, where V, is the measured voitage of the nih data
acguisition point, [, i1s the measured current of the nth data

Using this information, the duration g of the cut

10 sustain porticon of each pulse can be automatically controlled
to ensure that the energy delivered by the pulse as a whole

r

does not exceed a predetermined threshoid. If the contrel
that the accumulated energy reaches or

exceeds the predetermined threshold, the control leoop routine

urth state for switching off the

i3 iz arranged to output a fo
cutting acticon. The fourth state thus corresponds to an OFF

se. Effectively, the control lcop

ally controls the duty cycle of =zach pulse to ensure a
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consistent limdit to the delivery of energy across the
20 plurality of pulses. The duration lyrr of the OFF porticn
therefore varies with changes in the duration tg of the cut
sustain portion in order to maintain & constant total pulse
peried T.
The control loop may be arranged to limit the duration of
25 the ON portion (i.e. the cut initiation and cut =zustain

portions) of each pulse to a maximum value. This ensures that

('1‘

the OFF portion is always at least a certain duration, e.g. 40

The principle of operation of an RF synthesiser stage in

-

i
30 which the present invention can be implemented is no
SCIT

1

described, with reference to Fig.
The primary energy source for the power conversion ztages
piy voltage 1, which could be embodied by a

roltage switch mode power supply. This
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onv
its output veltage continucusly in response to a pulse width

DC converter 2.

[l
)

mocdulation signal 3 input to the IC
The variable DT output voltage of the DC to DC converter

2 is then power-inverted by a 400kHz RF Inverter 4 to create a
[
U

0% duty cycie, sguare, 4C0kHz waveform, that varies in direct
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relationship to the DO veltage output from the preceding DT to
DC converter stage 2. A bridge arrangemsnt of transistors is
particularly advantageous in minimizing waveform asymmmetny
from one half cycle to the next, and in turn results in near

3 zero even order harmonics

Accordingly this square, 400kHz waveform is comprised of
nth order Fourier components including a primary sine wave at
40CkHz and odd harmonics with amplitude decreasing as
reciprocal ¢f the harmonic erder. {(i.e. 1, 1/3, 1/5, 1/7.).

10 The transient response of the output envelope of 400kHz
waveform in response to step changes in demand, is optimised
by minimising the energy reservoir storage in the ocutput of
the IC to DC converter 2. To assist with this objective, the

transistor switching of the DC to DC converter 2 is

[y
(&)

synchronised to that of the RF Inverter 4 and is operated at
as close to the RF Inverter 4 freguency as possible. Note that
in general terms the switching loss constraints on the RF
Inverter 4 are less than those for the DC to DC converter 2 as
the former only operates at one duty cycle, allowing the
20 switching losses to be minimised. In this embodiment, the DC
to DC converter stage is operated at 200kHz synchronous to the
400kHz RF Inverter 4.

The harmcnic content in the output of the RF Inverter 4

o

is further reduced by the Harmonics Filter 5 which is

~

implemented by a combination of a series band pass LC filter

N
in

and a shunt ILC trap filter. This combinaticn allows for
harmonic content reduction for low and high impedances
presented across the poles of the RF blade 6, and also for
intermediate impedances.
30 It is a requirement of internationally recognised medical
device standards for electrosurgery systems that the patient
must be subjected to minimal low impedance connection to
circuits, other than that those directly intended to connect
to the patient. By example, no more than 1% of the power
avallable to treat the patient on a kipolar system should be
al ground potential. The

6]
[o2]

dissipated by connection to the loc

Isolation Transformer 7 stage is therefore ubiguitcus, and in
this embodiment also operates as a 'gearbox' to match the
higher voltages (of circa 300 Vrms) needed for RF plasma

40 generation to the more convenient lower synthesis voltages
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(ef circa 110 Vrms for the fundamental Fourier component
output from the RF Inverter 4).

A further prerequisite of the device standards is that
connections to the patient should be coupled through
capacitors. These prevent net DC charge flowing though the
patient tissue in response to the application of an AC
waveform. Such a situation can arise should the load become
non-linear with polarity. The plasma and arc loads are known
to result in a partial rectification of applied currents. Both
the output of the Isolation Transformer 7 and the input to an
RF Veltage Sensor 8 transformer are coupled to the generator
RF output via series capacitors.

The RF current passing in shunt from pole to pole of the
Accessory Cable 9, plus that current passing out through the
RF Blade 6 to the tissue is sensed by an RF Current Sensor 11.

The signals from the RF Current Sensor 11 and the RE
Voltage Senscr 8 are processed in duplicate circuits as
follows. In a first step the AC RF signal is rectified in
Active Rectifiers 12a, 12b with minimal distortion using an
operational amplifier arrangement similar to that published by
Analog Devices Incorporated. Precision resistors are used to
ensure that half-cycle to half-cycle matching is achieved. It
is possible to obtain resistor packs with 0.05% match from
resistor to resistor which are ideal for this application.

The full wave rectified signals are then filtered in Low
Pasz Filters 13a, 13b to remove RF components, which result in
two signals, respectively representative of the envelope of
amplitudes of the RF voltage and RF current. Due to the low
harmonic distortion in the RF current and RF voltage fed into
the RF Cable 9, these average signal levels are representative
of both the Root Mean Square (rms) and peak values, assuming
appropriate scaling factors (Vpk x 2/m = Vaverage, and Vpk/€2 =
vrms) .

The signal outputs of the Low Pass Filters (13a, 13b) are
fed to both (i) the Analogue to Digital Converter (ADC) 1lda,
l4b inputs of the Micro-Controllexr Unit (MCU) 14; and (ii)
first stage Error Amplifiers 15a, 15b for the PWM Controller
16 of the DC to DC converter 2.

Gilven prior knowledge of the reactive impedance Xc of Lhe

Accessory Cable 9, and dynamically updated signals
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proporti voltage
fed

Pro: rms
current p ing through tis welt L itt e RF

Blade &, at a given applied RF voltage. The load impedance is
computed by the Algerithms and Maths Processing Unit 1l4c of
the MCU 14, which allows the deduction of the reguired current

at the RF Blade 6 based on the published lcad curve for the

The reguired input current Accessory Cable 9 to achisve
the desired RF RBRlade 6 current is dynamically computed and

loaded into the Digital to Analogue Converter (DACZ) channel

r current limit 14d. During treatment the DAC channel for

u
ltage limit lde is statically set at the ceiling value

b T

liowed by the selected accessory load curve It may be

vantageocus to gradually ramp up the DAC channel for voltage
limit l4e under transient conditions, such as at the leading

edge of a pulse or in respense to a detected abnormal tissue
condition. These deo not form part of the control loop design
described herein.

First stage Error Amplifiers 15a, 15b compare the average

D

output RF current and RF veltage against the limit values
by the DAC channels 14d, l4e, and the outputs of lthes
amplifiers are diode ORed together by diodes 17a, 17b. Thus
the PWM Controller 16 is presentad with a Composite Demand
sigral 18 that only incresases when both RE current and RF
voltage levels are below the limit levels set by the MCU DACs
144, 1lde.

Some Contreller ICs are oriented to provide either a
greater depth of modulation in response to an increasing input
(demand) signal; whereas others provide a lesser depth of
modulation in respeonse to an increasing input (output
intensity) signal. In this embodiment, the PWM Controller 16
has its inteinal voeltage reference 1l6a linked to the negative

input of the internal error amplifier 16b so that an
S

i

O

the depth

increasing Composite Demand signal 18 increase
e} the DC to DC converter 2.

F5

a
ulation applied to the input 2 of

3
Q

r<

In summary therefore the cutput of the DC to DC converter
Z only increases when both RF current and RF voltage levels
wre below the limit levels set by the MCU DACs. In gensral one

‘in control as a function of RF

parameter is
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tion of the

edancs, the eption being the

imyg

constant power boundary and constant voltage boundary on the
published load curve.

An example of an electrosurgical instrument 100 that can
be used as a probe in an embodiment of the inventicn is now

-7

described with reference to Figs. 4 te 7. The instrument

3

102 having an instrument tip 104 connected

O
]
=
C
a
'_.n
I
0
9]
Ul
1}
'_
o}
®
<
m

made from a flexible

at its distal end. The

polymer material {e.g. Pebax®) having axially-sztending braids
{(z.g. of mestal) encapsulating within it. This arrangement
forms a terque stable system. The braids may not extend right
up to the distal end of the slseve, thus introducing a safe
distance (e.g. of no le “he

ss than 1 mm as measured along ¢
longitudinal axis betweesn the end cf the braid and the
proximal edge of the instrument tip in order to avoid any risk
of heating of the braid as a result of capacitive conductance
during use of microwave energy. A sleeve without braid may
extend across this safe distance gap. This arrangement also
prevents the two plates of the planar transmission line or the
two conductors in the co—axial transmission line from becoming

shorted or connected together. The braid structure enables

= b

torgue applied to the proximal end of the slesve to be
accurately transformed into rotaticnal movement cf the

ument tip 104 For convenience, the sleeve 102 1is shown

K

tr
as transparent in the drawings to permit illustration of its
internal components. In practical cmbodiments, the sleeve may
be cpagque.

The instrument tip 104 conprises a dielectric bleck 106
its upper and

=
<
~J
@]
S
[

that has layers of metallisation 105,
lower surfaces. The layers of metallisation correspond to the
first and second conductive elements of the invention. The
layers of metallisation are separated by the thickness of the
electric bleck 106 to form a bipolar radiating zpatula
tructure, similar to that disclosed in GB 2 472 972.

The layers of metallisaticn may be formed from high
melting point conductors, e.g. W or Ti. In such an

)

rangement, lower melting point ceonductors may be deposzited

PJ

around the regions where the coaxial cable connects to the

¥

sarallel plate planar transmission line to facilitate
emen

a
scldering the coaxial arrangement to the planar transmission
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lower malting

T ],—\c-‘.—

Lol

seaen

muitiple directions of travel. Such sharp c
undesirable when e instrument is used in e:
delicate tissue structures, such as the gast

where
The

tract, is ver v t

sieeve 102 defines a lumen which

1 feed cable 108 and a fluid

a
this arrangement, the fluid delivery struc
passageway formed by space in the lumen ar
feed cable 108 and a retractable needle 110.
carries a control wire 112 for bo

nt.
the needle 110.

The inner conductor 114 of the coaxial
protrudes from the distal end of the coaxia

and is electrically bonded (e.g.
layer 105 of metalliisation (first ctiw

cond
1

outer conductor of the coaxial cable is
coupled to the lower layer of metallisation

by & braid terminat

118 a tubular
outer conductor and a di
fits under the

electrically connected to the lower laver
o]

part

m
3
_l
[}
Y
o+
'_l
O
5

comprises

dielectric bl

a shaped pi
attached to the
It may ke secured to

lower s
106.
The underside of the

ial 120 ha

the longitudinal direction, the

ectric

>

.g. in
m

’(D\

gradually tapers

=

a curved manner)
of the

[
]

lectric block 6. This part

F
31
il

ing
aqus,

rity te the tissue b

)’

of the

O

the wall

cesop!

orneyrs

nvironments

carries

ture

elec

11y extending pl
lock 10e
107 of

ece of
urface

s a confilguraticn

material 120 comprises a distal part which

instrument is
treated in

the portal
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can be
with

rointestinal

a flexible

structure. In

includes a

und the flexible

sleeve 102

retracting

cable 108
Y

cable 10

the upper

e element). The

trically

ate

I-.J

and is

dielectric
of
the
shaped piece of

the

lower layer

particularly

use in precedures performed in the gastrointestinzal

shaped piece of

1

towards the

in
use, e.qg. the

vein, or
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: By presenting a curved surface in this

e pancreatic

way, unwanted perforation c¢f the bowel wall or the wall of the

he portal vein or the pancreatic duct

4
t
L.

osscphagus or mge to
can be avoided.
As can be seen most clearly in Fi;. 5, the undersurface

ece of dielectric material

}_..

of the shaped P 1
extending recessed channel 122. The recessed

‘ines an accass path for the re

ature of the channel means & accass path
i flanked one both sides by longitudinally extending rvidges
124 of the shaped piece of dielectric material.

The dielectric bodv 106 and the shaped piece of
dielectric 120 may be formed in one plece, 1.e. as a unitary

witary body may have a planar slot formed (e.g.

o
C
oX

=
H
=

i)
o
s

cut) therein for receiving a conductive material to form the

(second conductlive lement). The

thickness of the sict and therefore the lower layer of
i

isaticn may ke 0.1 mm or more, but preferably no more

The overall size cf the instrument may be such that it is
suitable for insertion through the instrument channel of an
endoscope. Thus, the outer diameter of the sleeve may be 2.8
mm or less, e.g. 2.7 mm.

The detailed discussion above relates to deiivery of RF
waveform freom the proke. The electrosurgical apparatus is
alsc arranged to deliver nicrowave ¢Lequenrj energy in the
same way as set out in GB 2 486 343. The microwave enexrgy is
delivered using a continmuous wave profile, and the prefer
average power level delivered at the distal end of the probe

(i.e. the instrument tip) is & W at 5.8 GH=z.
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CLAIMS

1. A method of controlling radiofrequency (RF) power
delivered from a bipolar electrosurgical instrument (100) into
a biological tissue at the distal end of the electrosurgical
instrument (100), the method comprising:

generating an RF waveform;

delivering the RF waveform along an RF channel to the
electrosurgical instrument (100);

controlling the profile of the RF waveform by:

setting a maximum voltage limit for a voltage
applied across the bipolar electrosurgical instrument;

sampling current and voltage on the RF channel; and

calculating a tissue resistance from the sampled
current and voltage, the calculating step including a
correction for an impedance associated with the RF channel;

determining an objective tissue current limit from the

calculated tissue resistance and a predetermined power
dissipation target; and

dynamically adjusting the current limit based on the

determined objective tissue current limit.

2 A method according to claim 1, wherein the RF

waveform comprises a plurality of RF signal pulses.

3. A method according to claim 1 or 2 including

calculating the maximum current limit I, as

limit = J(Vout/Xc)z + 1%,

where V,,; is the sampled voltage, I; is the objective

tissue current, and X, represents a lumped shunt capacitance

associated with the RF channel.

4, A method according to any preceding claim, wherein
the RF channel has a length of 3 m or more.

5. A method according to any preceding claim, wherein
the RF waveform has a frequency in the range 100 kHz to 5 MHz.
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6. A method according to claim 5, wherein the RF

waveform has a frequency in the range 300 kHz to 600 kHz.

7. A method according to any preceding claim, wherein
the steps are executed by a microprocessor having an RF
control interval in the range 50 ps to 20 ms.

8. A method according to claim 7, wherein the RF

control interval is in the range 100 ps to 2 ms.

9. Electrosurgical apparatus for treating biological
tissue with radiofrequency (RF) energy, the apparatus
comprising:

a radiofrequency (RF) signal generator (4) for generating
an RF waveform;

a probe (6) arranged to deliver the RF waveform from a
distal end thereof;

a feed structure (9) for conveying the RF waveform to the
probe along an RF channel;

an RF signal detector (14) for sampling current and
voltage on the RF channel and generating therefrom a RF
detection signal indicative of the current and voltage; and

a controller (16) in communication with the RF signal
detector to receive the RF detection signal,

wherein the controller is arranged to:

set a maximum voltage limit for a voltage applied
across the bipolar electrosurgical instrument; and

calculate a tissue resistance based on the RF
detection signal, the calculated tissue resistance including a
correction for an impedance associated with the RF channel;

determine an objective tissue current limit from the
calculated tissue resistance and a predetermined power
dissipation target; and

dynamically adjust the current limit of the RF
signal generator based on the determined objective tissue

current limit.



