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ELECTROSURGICAL APPARATUS FOR DELIVERING RF AND/OR MICROWAVE

ENERGY IRNTC BIOLOGICAL TISSUE

The invention relates to an electrosurgical apparatus and

device for delivering radicfrequency arnd/or microwavas

fregquency rgy into biological tissue. In particulay, the
4 a L e i

invention atas te an electrosurgical instrument capable of

10 delivering radicofregusncy {(RF) energy for cutting

and/or microwave frequency hasmostasis {(i.e.

promoting biocd coagulationy. The invention

icunlarly suitable in gastrointestinal {GI}
associated with the lowsr and upper GI tract, =2.g. to remcve

D polyms on the bowesl, i.e. for sndoscoplic mucosal resection, or

endoscopls aubmuccosal dissection. The invention may alsoe lend

@.g. in general surgery ox

elf to other procedurs,

-

The invention may fipd use in

laparoscoplc surgery.
5 and liver resection. The device may
with ithie

abnormalities in

ncse and throat procedurs

O

alsc be used zo address procedures associat

tamours
or the

pancreas, o
clase proxim pancreatic duct.
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Surgical resection is 2 m=2ans of removing sectiocns of
organs from within the human or animal body. Such organs may
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Blood vessels called arterioles are damaged

ah cr ruptured. Initial bl is followed by a coagulat

cascade where the blood is turned inte a clob in an atiampt to
plug the bleeding point. During an operation, it is desivable
for a patient te lose az lirtle bisod as possible, so various
devicez have been developed in an attempt to provide bloco

free For sndoscopic procadures, bleeds are alsc

undesirable, and nesd Lo be dealt with in an exps

since the blood flow may obscurs the opesrator’s
X

may prolong surgery and potenti lead to the procedu:

needing o be terminated and another method used instead, e.g.
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Electrosurgical generaborsg are prevalent in hospital
cperating theatres, often for use in open and laparescopic
procedures, and increasingly for use in endoscopy suites. In
endoscopic procedures the electrosurgical accessory is
typlcally inserted through a lumen inside an andoscope.
Considered against the equivalent access chanpel fox
laparoscopic surgery, such a lumen 19 comparatively narrow in
bore and greater in length.

Instead of a sharp blade, it is known to use
radiofregquency {RF} energy to cut biclogical tissue. The
mzithod of cutting using RF energy operates using the pr1n01n &
that as an electric current passes through a tissue matr
{aided hy the lonic centents of the cells and the
intercellular electrolytes), the iampedancs te the flow of
electrons across the tissue gspesrates heat. In practice, an
instrument is arranged To apply an RF wveltage across the
tissue matrix that is sufficient to generate heat within the
cells to wvaporise the water content of the tissue. However,
as a result of this increasing desiccation, particularly
adjacent o the RF smitting region of the instrument {which
haz the highest current density of the current path through

tissue}, direct physical contact bstween the tissue and
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ment can be lost. The applied voltage then manifests

z1f as a volbtage drop across this small veid, which causses
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in the veid that leads to & plasma. Plasma has a
VEry high volume resistiviity compared with tissue. The energy
suppliied to the instrument naintains the plasma, i.e.

complates the slectrical circuit betwesn the instrument and

the tissue. Volatile material entering the plasma can be

vaporised and the perception is thersicre of a tissue
dissecting pilasma.

GB 2 472 972 describes an electrosurgical instrument in
the

form of a spatula comprising a planar transmission line
formed from a sheet of a first dielectric material having

Hn
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]
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first & zecond conductive layers on opposite surnfaces

t
¢

therenf, the planar tranamission line being connected to a
coaxial cable that is arranged to deliver either microwave or
RF energy to the planar transmission line, the ceoaxial cable
comprising an inner c¢onductor, an cuter conducteor coaxial with
the inner conductor, and a second dielectric material

separating the outer and inner conductors, the inner and cuter
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conductors extending beyond the second dielectric at a

connection interface to overiap opposite surfaces of the

%

transmission line and electrically contact ths first

conductive laver and sscond conductive layer respectively.
Y

The first conductive laver is spaced from the end of the

trapnesmizsiocn line Lhat abuts the o cable te electrically
isolate the outer conductor from the first conductive laysr
and alisc the distance of the gap is involved with matching the
impedance of the energy delivered from the microwave source

with the impsadance of the biclogical tissue, and the width of

a

the first and second ceaductive layers i3z alsc selected to

1

help create an impedance match between the bransmission line

and the coaxial cabls.

The spatula configuration set forth in GB 2 472 972
provides desirable insertion loss between the co-axial feed
line and the end radiating section, whilst also providing
desirabls return loss properities for the edges of the spatula
when in contact with air and biological tissue respectively.
In more detail, the insertion loss along the structure may be
less than 0.2 dB at the freguency of interest, and the return
loss less than {more negative than) -1 dB, preferably less
than ~-10 dB. These properties may also indicate & well
matched junction between the coaxial cable and the

transmisaion line spatula structure, whereby microwave power

is launched efficiently intoe the spatula. Similarly, when the

edges of the spatula are exposed to air or biological tissue

that is not of interxest, the raturn loss may be substantially
zero (i.e. very little power radiated inte free space or
undesirable tissue), whersas when in contach with desirable
bBiological tissue the return loss may he less than (more
negative than) -3 JdB, preferably less than ~10 dB {i.s. the
majority of power in the spatula is transferred to the
tiszu=).

The instrument discussed in GB 2 472 972 is intended to
radiate microwave energy from the edges of the planar
transmiszion line to cause leocalised tissce ablation or
coagulation.

GB 2 472 874 also disclezes thabt the spatula discussed
above may have an RFP cutting porticn ictegrated therswith.
The RF cutting portion mav be formed by using the first and

seceond conductive lavers mentloned above as active and return
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BLRIEY . Nig2 arrangern

electrodes ant may taks vaantaim

of the fact

proximity to one another, thus settlng up a prefoerential
S X &) & 3

the active and return elactradass ars in

return path to enables local tissce cutting action to take

place with the nsed for a remote return pad or a highly

conductive liguid, i.e. saline, existing basbtween the two

electrodes.

In this exampla ion may comprise a BEF

ing por

voltage source coupled Lo the planar transmission iine, a

frequency diplexer/duplexer unit {or signal adder} comprising

GWave

a low pasa filter to prevent the high freguency m:
gnergy from going bkack into the lowsr freguency RF enexgy

sourcs and a high pass filter to prevent the lower fraguency
RE energy from geing kack inteo the higher frequency microwave

P

one

ths frequency
enable the

the ger

rgy source,

microwave and RF

plexer/duplsxer may

i deiivered

ator a

anargy sourcss Lo bha combinaed

-~

aiong a single channel, =.g. co-axial cable, waveguide
assembly or itwisted pair, to the spatula structax The RE
20 cutting ensrgy may be delivered alone into the tissue or it

may he mixed or added with the nicrowave energy and delivared

simultansously o set up a hlenc mode of ovperabion,

prezsent invention develops further the spatula

COnG discussed in GB 2 472 972 and the manner with which it

£y ey e
LSO MLgrowava

int genasratbtcr that orovides

anay ant .

first aspecht, ths inventi provides an furthsz

optimised configuration for the distal end of an

electrosurgical tool for ed ressctico of bicloglical

tissue.

5 ;

In & zecond aspect, the invention provides an interisce

~

3 Geint for into 2 single cable assembly all of (1)

neadle movement mechanism, and {iil} an

ener: le.g. a cable supplving RF and/eor microwave

3 S

enargy) . The

sized teo fit

aszenhly may wough the

instrument chamnel of a conva) el eadoscope.

40 In 2 third aspsct, the invention pxovides & bo

o] (‘

device for permitting controlied



WO 2015/101787 PCT/GB2014/053857

cable ass
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embly within the instyrument channel of the endoscops.

The intsrface joint and torqus transfer device may be

integra as a single component,
According to the firat aspect of the invention, there is
5 provided an electrosurglical instrument for applying to
biological tissue radicfrequency (RF} electromagnstic (EM)

energy and/or microwave freguency EM anergy, the instrumernt

comprising: an instrument fLip comprising a planar body made of

a first dielsctric material sepsarating a first conductive

ftement on a first surface thereof from a second conduchive

element on a second surface thersof, the second surface facing
in the opposite direction to the first surface; a coaxial feed
cable comprising an inner coaducter, an outer conductor
coaxial with the inner conductor and a zsecond dielectric

i% material separating the inner and cuter conductorzs, ths
coaxial feed cable being feox conveying an RF signal and/cr a
microwave signal; and a protective bhull comprising a third
piece of dielectric material mounted to cover the underside of
the planar body, wherein the inner conductor is electrically

29 connected to the first conductive element and the outer
conductor iz electrically connected to the sscond conductive
element to enable the Iinstrument tip to recalve ths RF signal
and/or the microwave signal, wherein the protective hull has a
smoothly contoured conver undersurface facing away from the

25 planar body, wherein the planar body has a tapering distail
edge, and wherein the undsrszide of the planar body extends

beyond the protectiwve hull at the tapering distal edge. This

combination of features rspressents an opbimal ceanfiguration

that bkalances the accuracy of ifreatment at the distal tip

rlanar body

30 {which i3 enhanced dus to the sxtension of
0

over the protective hull) with the ease of safe manipulation

%

of the instrument (due to the protective hu itself}.
The portion of the underszide of the planar body that
extends beyond the protective hull at the tapering distal edge
35 may be termed the extension zone. The sxtension zone mav be
uniform arcund the perimeter of the tapering distal edge.
Alternatively, ths sxztension zone itsslf may Laper in width

towards the distal tip c¢f the planar body" The tapering may

be betwsen a mininum value at the distal tip and a mazimun

&

40 value at the proximal end of the tapering distal =dge. Thers

may b= zero extension at the distal tip, i.e. the protective

~
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huil may be contiguous (d.e. Elush) with the planar body at
that point. The sxtension zons may ke sized to provide a

peneficial impasct on tThe energy fields emittad by the device,

but
o hitll.

Tha magnitude of the extension zone may be relatsed to,

impacting the function of the protectiwas

¢,g. in proportion te, the geometry of the distal tip. 7The

planar body may have any dimensions for use in a

particu seedire.  For example, for endoscopic procedurs

the instrumeni may have an overall outsr Jdiameter of 2.2 mm ox

1.2 mm or lssz. The width of the planar body

mm of leas. However, prec&durea

whereky the width of the planar body may be

width of the extension zone, 1.e. The

the tapering distal sdge extends beyond tha

a dirsctlon normal to the edge of the

Y

wrotective hull may be 0.2w or less, preferably 0,1lw or less,

P

where w is the maximunm width of the planar body {i.e. the

maximum diwmensicon of the planar body in the direction of the

diameber of the lumen or catheter through which it is iaszerted

in use. Thus, for a planar body having a ¢f 2 mm, the
extaension zone may have a maximuw width of 0.2 mm.
In use, the firzt and zecond conduchtive elenments may he

arranged to provide a local rsturn path for RF energy, 1.8. a

25 low impedance route for RP energy to be transported betwesn
the first and second conductive elesments, The fir

second conductive elements may be

formed on opposite surface dielectric

The firast and second may ke arranged to

30 et up & local electric field at a contact region in which the

instrument iip makes contact with the biclogical tissue. The

¢

local electric field can be exbren

iy high, which may cause a

s

microplasma {i.e., a hot thermsl plasma) to be formed at the

cdistal sid portion af the planar body, =.g. where contact is

= nade with the kilolog

’

cal tissuz. The microplasma may be

desirakle in terms of achievi ficlent cutting.

Moanwhiles, for a microwave signal, the lnstrueent tip may

be modelliad as

slete transmission ling with the

slanay body repressenting dielectric material separating two

p

conductive plate: The radiatl the microwave
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frequency EM energy in this case depends on the overall shape
of the planar body and the microwave feed structure. In this
particular instance, the gap at the proximal znd betwesn the
~axial feed lins (centre conductor) and the upper conductive
5 layer plays an important role in ensuring that the microwavas
energy frowm the source is matched in terms of impedance with

zdance pre sented by the Tizsue. The overall length

i3 also importact

tance energy Jdelivery) of

5y

R

ansmission ne with {(or into) the

“he struchy

[31:

Yy form & gquartey wawve

ogth resonatoer. Using

inpedance trangformer or a

known simulation tools, thias may be modelled to controel from

{a

lges the microwsve frequency EM enevgy i

5
18 Por example, the instrument tip may be configured to inhibit

radiation of the microwave EM racdiation from a distal sdge of

I

the planar body.

The tapering distal edge may aave any suitable profile,

e,q. obtainad by oo r modelling the device in particulay

20 use configurations. The tapering distal edge may be curved or

straight or a combination of the two. - example, the

taparing distal edge may comprise a straight taper terminated

in a curvaed distal tip, e.g. & single radius curved distal

1. The tapering distal edge wmay exteands around a distal

25 third of pianar body. In cne embodiment, the cuorved dis

adge may have a ourvature Tormad frem a plurality of

contiguous radiused ssctions, esach radiused section having a

radius of curvaturs less prozimal neighbour. There

may be three of more section of different radii. The

0 plurality of oo jucus radicsed sections mayv be arvanged to

give the curwved distal edge a cquasl parabolic shape.
As mentinnad above, ithe width of the planar body may be

digtated by the intended uvse for ths instrument. In

gndoscoplc procedures, the width may be 2 mm or less, wheresas

a5 for other less restrictive pro

th may ke up to 2

mr, e.g. any of 8 wm or less, 7 mm or 2om or less, 5 omm

or less, less or 2 mm or less.

of bthe planar body (including thes taperir

may ke relasted to, e.yg. in proporition with, its

a9 order Lo deliver the RF and/or microwave Frequengy

energy most afficiently. The length of the planar body may
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thus he about Hw, e.g. between 5w and

where W is bthe maximum width of

In one

2 mm oand a imum length

JETHN

tapering tal esdge a ol

radivzed sechions consisting of a firs

Raving a length 2f 1.6 mm and a radius

mm, & saoond radiuvsed sschtion having a

af
6.7

L)
ALY Al

radius of curvature mm, a thir

having a iength of mn and a radius

a fourith
of

adiusad section havi 0ng a

of .1

radius curvaturs mr, and &

havin G A mm oand a radivs

o,
first and secend conductive
ayen

peing formed on opposite

The

comprise a la of metallisaticen, the

surfaces
material., The layers of metallisation

side
1 regi

by U.2 mm} from the adges of the

material in & proxir

on of the o

the field

strenghth

comprize the region of the planar body

i
distal
distal
contact the

end. concentzate

This may help

the The inner conductor &

second conductiv

and ssoond cond

mannaer, l.e.

about
cable,

the prote
tha

shaped to be symmetric an

body from the coaxlal feed

The undersurface of
its

The

neat und
pro

Taper at perimetar fo

bhody.

i
J
b

Live

thickness

IS

the dist nstr
of

undersurface

towards

A
e

rtion

tive

the protec mall mav

have
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1oy

may have a loagitudin

channel formed therain., The tape

se the undersu
Th
th
aiding

The

may Cau

DE< R RS-

comprise a pai

form of ih

inte collad

digying
Fox

example, thizs zhape wmay

the pla

smbodiment, the planar body has a

alements
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this region. The

axis ru
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preferably 5. 3w
nar body.
of

maximum width

embodimant, the

of

t radiused

n this
urality contigumus
saction

of 12,4

1.6 mm and &

of curvature

gth of

len

QCLLIOH

iusaed s

ad

ature of 3.2

Curw

mra,
min and A

iused section

of ocurvature of 0,35

may each

iayers of metallisat

Ty

dielectric
may bhe saft back {(&.4.
firast

lanar body,

digiectric
to reduce
proximal region may
curved

at

proximal
the

BREYG elivery

e

nd ou conductor

P}

may

& slements 1n a ccaxial
uetive elemsnts may be
inning along the planar
hull

side

way smocthly

ar of the
null

tip.

planar

sy alse dscreass
outer

The

FUC T
T

Thus,

e & convex profile.

extending recessad

aedge profile and

riszce of the pro
copformal

b b

e taperad

e risk of instrument

a0

tlity to glide.

of the

its &l

Tisk instrument
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digging inte the bowel wall and causing a bowel perforaticn or

may protect the portal veln or pancreatic duct from being

damaged. The particular dimensions of the hull {e.g. length,
wicith, thickaess, etc.) may be adapted to suit the intended
use and intended area of the body to be operated on.

The protective hull may bz formed from a biccompatible

nen-conductive material, such as pelyether sther kebone

(PEEK}, cevamic (e.¢. alumina, zirconia or zircenia toughened

{

alumina A)) or piocompatibie plastic that dees not atick to
the wall of the bowsl {or other biologiczl ftissue) or the
like. Alternatively, the hull may also be formed from a
metallic material, e.g. titanium, stesl, or may be a multi-

ayar struchurs. It may bhe attached (g.g. bonded) to

=

whichever one of the first or second conductive z=lements is on
the underside of the first dieleciric material. However, in
onge embodiment, the protective hull may bes formed of the same
material as the first dielectric material. The protective
hull and first dielectric material way be formed in one piece
as a unitary body. In this arrangement cne or wmere planar
slots may be formed (=.9. cut} in the unitary body to allow a
conductive material to be inserted to form the first and/or
second cenductive material. The conductive material may be
inserted by coating one or more internal surfaces of the slot.
Alternatively or additionally, the protective hull may be
selectively metallised to form part of the first or second
conductive elements.

The instrument may inciude a fluid feed conduit forx
delivering fiuid (e.g. saline} to ths instrument tip. The
vidd feed condult may comprise a passageway through the
protective hull for delivering fluid to the treatment site.
The passageway may 1nciude an outlet located in the recsssed
channel of the protective hull. The ceaxial fesd cabls may
form part of a multi-iumen conduit assembly for delivering RF
and/or microwave frequency energy and fluid (liguid or gas) to
the instrument, The fluld (protective hull) may be conveyed
through a corresponding passageway formed within the nmulti-
lumen condulit asssmbly. The fiuild feed conduit may alsc be
used te deliver other material teo the treatment site, e.g, a

/)

gas or a sclid (e.g. powdet;}. In one embodinmsnt, injection of
fluid (saline or the like) is used fo plump up the biclegicsl

tissue at the treatment site. This may be particulariy useful
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instrument is used to treat the wall of the howel or

of the cesophagus or for protecting ths portal vein

-

or the pancreastic duct when a tumour or other abnormality
iomatad in close proximity, in order to protasct these

structuras and create a cus of filuid,  Plumping up the

+

bissue in this manrer may ha to reduce the risk of bowel

Lea ks

perforation, damage o the wall of the oesophagus or

wf from the pancreatic duct or damage te the portal veln, eto.
This aspect of the invention may make 1t capable of treating

other conditions where the abnormality {(tumour, growth, lump,
o

structure,

te.) is close to a zer ive bislogical

Tt ias advantageo he able Lo uss

luid as delivers RF and/or

o delliver

seeg

deflation (g.9. due to

air) may ouvcur if a zeparate instry is introduced intoe the

] )

region or during treatment. The abi y Lo odntroduce fluid

using the same treatmenb structure enables the level o bhe

topped up as soon as deflation occurs. Moreover, the use of a

s instrument to perform desiccation or dizsection as well

kS

£
P -
=

[y

i

$de

Lo in wduce fluid also raducss the time taken to psrform

2
0}

ot

he overall procadurs, reduces the risk of causing harm toe the

patient and alzo reduces the risk of Mors
generally, injsction of f£luid may be used to flush the

treatment &.,g. to remove waste products or remcved

when treating., As

)

better visibili

tiasue to Orovid

useful in endoscopic

mentioned abowe,
procedures.
The undersurface of the protective hull may have a

longitudinally extending recessad chanasl formsd therein, and

scile

the fiuid delivery mechavise may include an insulating o

i and extands proximally from

guide tube wounted w
recess channel, and a retractable needle {e.g. hypodsrmic

v

needle) alidably mounted in The nsedle gulide tube. The needle

)

may have an outer diameber iess bthan 0.6 mm, e.g. 0.4 ma. The
needle may be movable in the longitudinal direction beiwsen 2
deploved peosition in which it protrudes beyond the diztal end

ay
iticon in which it is
ru

¢f the instrumenit tip and & retracted pos

edge of the inst

zelf back from ment Lip, @.9.

below the planar body or locates proxis b the planar body.

rnatively, the 4 conduit may compriss a

tubuiar {e.g. ceonicall protrusicn integraliy formed in the
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P
poe

pretective hull, e.g. on an undersurface thereof. The tip of

the protrusion may have an cutlsit for a fluid passage, and

thus may act as a fixed nsedle-like

tip for fluid injection
into the tissue. The tip of the cone may project slightly
5 payond the distal tip of the planecr body.
According to the second aspsct of the invention, there is
provided an interface ijcint for intercennecting an
electrosurgical generator and an electrosurgical instrument
{which may be an instrument acccrding to the first aspect of
10 the invention}, the interface joint comprising: a housing made
of siectrically inscvlating material, the housing having: a
first inlet for racsiving radicfrequency (RF) electromagnstic
{EM} energy and/or microwave frequency EM energy frem the
electrosurgical generator, a second inlet for receiving fluid
15 and an outlet; a single cable assembly for connscting the
outlet to the electrosurgical instrument, the signal cabls
asserbly comprising a flexible sleeve that defines a fluid
flow path that is in fluid communication with the second
inlet, and which ccnveys a coaxial cable that is connected to
20 the first inlet.

The eslectrosurgical generator may be any device capable
of delivery RF EM energy or microwave frequency EM energy for
treatment of biological tissue. For example, the generator
described in WC 2012/076844 may be used.

25 The electrosurgical instrument may be any device which in
is arranged to use R¥F EM energy or microwave frequency EM

enerxgy for the treatment of hioclogical tissue. The

slectrosurgical instrument may use the RF BEM ensrgy and/or

microwave freguency BEM energy for any oxr all of resection,

w
(@]

coagulation and ablation. For example, the instrument may be
a resection device as disclosed herein, but alternatively may

Ibe any of a palr of microwave forceps, a snare that radiates

microwavs enerqy and/cr coupleg RF energy, and an argon beam
ccagulator.
35 The housing may provide a double isclation barrier for
the operator, i.e. the housing may compriss an outer casing
{first level cof isolation) that encapsulates a branched
passageway {second level of isclaticn) within which the
various inputs are integrated into the single cable assembly.

a0 The branched passagseway may provide a watertight volume which

&
definss a fluid flow path bstween the second inlet and the
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to the first inlet

In use, the interface joint may be the location at which

fluid for treatwment ab the instroment 13 introduced. The

operator of griace joint may control the introduction

of fluid, e.g. via a syringe or other fiuld intreducing

mechanisnm attached to the second inlet. Ths ianters
may also include a fiuld delivery depleoyvment machanism that

cuntrol fiui

dodelivery at the

10 rument. For exzample, the intarface jeint
abhie triggey on the housing, the slidable
sched Lo oa rod that extends out of the
hﬁusing thiough cutlet. The push rod may extend through
rthe flexible shaft to ths ctrosurgleal instrument, where it
15 gan control tha structore. For srample, bhs
alectrosurgical instrument may include a retractable needle
that is switchable into and out of fluid coemwunication with
the fluid flow path in the flexible shaft by siiding the push
rod back and forth.
20 In this arrangement, the branched passageway may incliude

a second port adjacent the slidable trigger for admitting the
push rod.

Both the first port and the sscond port may compriss a

sealing bung which defines a watertight passage for t

25 coaxial cable and the push rod respsctively. The ssal

may e formed from a resiliently deformable materia;,

siiicone rukbher, L and push rod are

encapsula
the first

340 route for fiuid oot of the

through it.  Sealing

oo pores in this way wmeans that the only

through the

cutlet along fluid flow ile sleeve.

The hranchad

over to ds

first tength in line with the

)
o
o

a second length

extending from a sids of the first ienqth at an obligque angle
te the
¢ ths

agth, and a thircd with extending f£rom a side
agth., The first length may have the push rod

extendiog through it and may farminate stb

40 sealing buny. BE lamn tave coaxial cable

running through it and may terminate at its proximal end in &
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%

sealing bung. The third length may terminate in the zecound

port for receiving the fiuld. In this arrangement, the

housing may have a plstol-iike shape. Howewver, in another

embediment, tha branched passageway may have a more compact

configuration, in which ths different isngths of the
passageway run substantially parallel te each other. In this
arrangement, the housing may be an slongate capsule sizad to
fit in an operator’s hand.

The interface joint may be particular suitable forx
gathering a piurality of inpuots into a single cable assembly

sembly mentioned above) before

{i.e. the malti-lumen cable
it is inserted through the instrument channel ©f an endoscope.
To achieve this, the cable ssssmbly may have an oitter diameter
of 9 mm or less, e.g. £.8 mm or lasa for a flexible video
colonescope.

In order to facilitate wanipulation of the ilmstrument at
the distal end of the instrument channel of the endoscope, the
fiezible sleeve may be provided with longitudinal braids
therein to assist in the transfer of torgue, i.s. to transfer

twisting motion at the proxiwmal end of the cable assembly to
the distal end of the cable assenmbly, where it can cause bi-
rotational rotation of the lnstrument becauss the ilnstrument
is attached to the cable assembly. The flexible slesve may

comprises a inner tubs and an outer tube, which are bonded ox

in between. The pitch of the braiding may be variable along
the length of the cable assembly. For example, it may be

useful to have a wider piich in a reqgion =.g. a distal portion

of the cable, where flexibility iz important. In order to
prevent the metallised braiding from interfering with the RF
field or microwave field at the instrument, & distal portion
of the flexible zleeve mav be provided in which the braided is
ent. The distal portion may be manufactured separately and

abs
attached (&.g. donded or welded) to the braided portion.

The housing may further comprise a strzin relief element
meounted in the ocutlet and surrsunding the flexible slesve.
The funciion of the strain relisf element is to limit the

tion to prsvent overflexing

movement of the sieeve in this loce
that may damage the internal componants.
The flexible sleeve may comprise a multi lumen tuba. The

lumens may be formed by inserting an extruded separator
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eloment inside a gin:

lumen tubse, The extruded separator
rality of

three or more). One of the throug

element may include a pl

.
& o e
{a.g. Lwo,

carry the

push rod (if present). The other channels may be left enpiy,
which can ensure that there is alwavs a open fluid fiow path
bhatwes

n the instrument apnd interface jcint for guiding the

coaxial cable and one or more through holes [or carcyving the

fluid f=

d conduit and control wirve({s). The fluid flow path

may cod the intsrnal cavity formed by the flexible sleeve,

—
)

be immersed in the £luaid.
horx

oroximal end of a needls ferrule, which h

&

and the ccaxilal cable w

n

A distal end of the pus

¢ may be connected to a

a needie claw

to lts distal snd.  The ferrule may e hollow, with one or
more openings in its outer wall that cause lts iptericr to be

& in fluld commenication with the fluid flow path through the

flexible sliseve. The diztal end of the ferrule may be open

suchk that the needle mounted 1 he end is in fluid

communiaaty with the fluid

the ferrule may be

wanblon, there is
provided a torque transfer unit for rotating an

sglectrosurglesl instrument at the diztal end of an endoscope

t4

3

5 rotating force to a flexihie sleeve

unar

sonnected to the slectrosurgical instrument, wherein the
L

torque transfer unit comprises an elongate clamp arranged to

ar
ible slegeve

impart 2 gripping force aiceng a length of the f£1
that lies outside the endeoscope, The elongate clamp
comprising: an upper slongate housing menber, a lower elongate

housing member pilvobtably coanectad

the uppsar elongate

30 housing member and defining a passage for the flexibls siseve,

wherein the upper s=siongate housing member and the lowsr

> housing member are pivotal betwesn a release

ion in which the torque transfer unit is slidable up and

down the flexible sleewe, and a wngring position, in which

an the flexible =zliesvs 15 gripped i the gpper slongabte

housing member and the lowar elongate housing membar,

The tergue transfer unit may thus be dassigned to slide

e flexilb:le sl

freely along the ave to a pesition

that is conven: uge.,  Onoe in positicon, the torgque

teansfer unit cen grip the by plvoting the upper

congate housing member and fower elongate housing member
= = =] 4
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together. The torque transfer unit may inciude a releasable

cilip that allows the upper elengate housing member and the

iower elongate housing member to be locked in pla

2 at any
peint. The clip may be a resilient latch element on cne of
the upper elongate housing member and the lower slongate
housing menbar, which a corresponding catch on the other.

The uppsr elongate housing member and the lowsr elongate
houszing member may =ach carry & U-shaped clamping member, the
J-shaped clamping members bsing arrangad to opposs one another
to impart a substantially uniform gripoing pressure on the
flexiblile sleeve when the upper =longate housing mewber and ths
lower elongate housing member are in the clamping position.
In a preferred esmbodiment, an intermediste deformable grip
tubes 1s poesition arcund the flexible sieeve between the
flexible sleeve and ths U-shaped clamping members. The
intermediate grip tube may be made of silicone cr any other
gsuitable compliant material. In use the intermediate
leformable grip tube grips the flexible sleeve on compressicn
and fixes the position of the torque transfer unit. The
intermediate grip tube acts Lo distribute the load on the
flexible sliewve which can prevent local damage to the wall of
the slesve.

In use, when ths distal tip of the slectrosurgical

instrument i3 correctly positioned relative Lo the distal end

of the flexible endoscops within the field of viaw on the
sndoscope’ s video monitor, it is intended that the endoscopist
clamps and locks the torgue transfer unit at the exit point of
the flexible shaft from the endoscope working channel and

immediately adijacent to the endoscops X-Y controls. When

clamped in this locaticon the torgue transfsr unit provide

o

finger and thumb rotary and longitudinal positicnal control
the distal tip of the instrument. The variable positioning
and clamping of the forgue transfer unit allows tha instrument
xible

endoscopes with working channels anywhere betwsen 60 and 170

to be used endoscopes of differing lengths {e.g. £

o long}.
Hersin, radiofreguency (RF} may mean a stable fixed

freguency in the rangs 10 kBz to 300 ME: and microwave

b3

frequency may mean a stakle fimsd frequency in ths range 300
MHz to 180 GHz. The RF energy should have a fraquency high

enough to prevent the energy f£rom causing nerve stimulation
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and low encugh to prevent the energy from causing tissue
blanching cor unnacessary thermal margin or damage to the
tissue structurs. Freferrsd spot frequencies for the RF
energy include any one or more cof: 100 kHz, 250 kHz, 400%Hz,
5 500 kHz, 1 MHz, 5 MHz., Freferred spot frequencies for the
icrowave energy includs %15 MHz, 2.45 GHz, 5.8 GHz, 14.5% GHz,
Z4 GHz.

BRIEF DESCRIPTION OQF THE DRAWINGS

v
<

Bxamples embodying the invention as discussed in dehail
kelow with reference to the accompanying drawings, in which:
Fig. 1 is a schsmatic view of a complete electrosurgery
which the pr
Fig. 2 is & crogss-sectional view of an interface joint

ssent. invanticn is applied;

that is an embodiment of the invention;

Fig. 3 is a cut away perspective view ¢f the interfacs
jJoint shown in Fig. 2;

ig. 4A is an exploded view of a torgue transfer umit

20 that iz an embodiment of the invention;

Fig. 4B 1s a perspective view of the torque transfer unit
of Fig. 4A in an assembled state:

Fig. 5 is a schematic perspective view of ancther

interface joint that is an embodiment ¢f the invention;

r

25 Fig. ¢ is a schematic perspective view of an integrated
interface joint and torgue transfer unit that is an embediment
of the inventicon;

Fig. 7 is a schematic perspective view of another
integrated interface Jjoint and torgue tranzfer unit that iz an

30 aembodiment of the invention;

Fig. 8 is an exploded view of a distal end assembly for
an electrosurgery device that is an embodiment of the
invention;

Fig. 9A is a top perspective view of the distal end

g

Fig. 9B is a bottom psrspective view of the distal end

5 assempbly of 8 in an assembled state:

assembly of Fig., 8 1in an assembled
fig. 10 is a cross-secticnal view of an interface cable

suiltable for use with the preseni invasition;

e

Fig. 113a is a top view of a bipolar structure used in the
distal end assembly of Fig. 8;
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Fig. 118 is a side view 0f a bipolar structure used in
the distal end assembly of Pig. 8;

Fig. 11C is a bottom view of a bipolar structure used in

the distal end assembly of

"ig, 12B is wview 0f & needie assembly zuitable for use
with the distal end assembly of Fig. 8;

Fig., 128 is an enlarged cross-sectional view through the
nsedle assewbly zhown in Fig. 12B;

Fig. 13 is a schematic drawing illustrating a fluid flow

itable for use with

path through an interface cable that is
the present invention;

Fig. 14A is & top view cf a protective hull used in the
distal end assembly of Fig. §;

Fig. 14B is a cross-sectional view through the protective
hull used in the distal end assembly of Fig. &;

Pig. 15A is a perspective view 0f a stopper used in the
interfacs joint shown in Pig. Z;

Fig. 15B is a cross-sectional view through the stopper

Fig. 162 is a perspective view of a Y-zhaped connector
uzed in the interface joint shown in Fig. 2:

Fig. 18B is a cross-sectional view through the ¥Y-shaped
coonnector shown in Fig. 16A;

Fig. 178 is an isometric view of various stages in the
fabrication of 3 distal end assembly for an electrosurgery
device that is an embodiment of fThe inventlon; and

Fig. 178 i3 an end view 0of the complete distal end

assembly shown in Fig., 17A.

DETAL

iD_DESCRIPTION; FURTHER OPTIONS AND PREFERENCES

Various aspects of the present inventions are presented
belcw in the context of arn slectrosurgery system that provides
an electrosurgical invasive iastrumsnt for use in endoscoplc
procedures for the removal of polyps and melignant growihs
through the contreolled deliivery of beth microwave and RF
energy. However, it is to be understood that the aspects of
the invention presenited herein need not be limited to this
particular application. They may be equally applicable in
enbodiments where oniy RF energy 1s regquired,; or where only RF

enevgy and filuid delivasry is reguired.
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Fig. 1 is a schematic diagram of a complete

aly
supplying toe the distal end of an ianvasive electrosurgical

slectrosurgery system 100 that is capabie of select:

instrument any or all of RF ensrgy, microwave energy and
fluid, e.g. saline cr hyaluronic acid. The system 1{0
comprises a genevator 102 for controilable supplying EF

electromagnetic (EM) snsrgy and/or microwave frsquency BM

energy. A suitable generator for this purpoese is described in
WG 2012/076844, which is incorpeorated herein by raferencs.

The generator 102 is ¢onnected to an interface joint 106

Iry an interface cable 104. The interface joi 106 is alsc

connacted to receive a fluild supply 107 from a fluid de

device 108, such as a syringe. The interface deint 106 houses
a needle movement rmechanism that iz cperablse by sliding a
crigger 110. The function of the intecrfacs joint 106 is to
combine the inputs from the generatcr 102, fluid Jﬁllvwry

-

108 and nesdle movement mechanism intc a si

device
flexible shaft 112, which extends from the distal end of ths
interface joint 106. The internal configuration of the
interface joint 106 is discussed in more detail below.

The flexible

112 is insertable through the entire
length of arn instrument {(working) channel of an endoscope 114,

A torgue transfer unit 116 is mountad on a proximal length of

the shaft 112 between the interface joint 1056 and endoscope
114. Ths torque transfer unit 116 engages the shaft to permit
it to b=z rotated within the instrument channei of the
andescope 114.

The flexible shaft 112 has & distal assembly 11& that is

shaped to pass through the inst :nt channel of the endoscope

114 and preotrude {e.g. inside the patisnt) at the distal end

of the endoscope’s ftube. Ths distal and assembly inciudes an
active tip for delivering RF EM energy and/or microwave EM
energy into biological tissue and a retractable hypodermic

These combined techrologies

needle for delivering £l
provide a uniqgue solution for cutting and destroving unwanted
tissu2 and the ability to seal blood vessels around the
targeted area. Through use of the retractable hypodermic
needle, the surgeon is able to inject seline and/or hyaluronic

acid with added marker dyes etween tissues lavers in order to

distend and mark the pesiticon ¢f a lesion to bs treated. The

injection of flu in this menner lifts and separates ths
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rers making it both easier to resect arouand the

'i)
)_4
o
5
o
0
J
,lJ
[

ane through the layer, reducing the

wall perforation and unnscessary

ilaver.

B

118 furthex i
under the active
actioﬂ, again hoelpi

perforation and ensure viability of the remals

1LNg Lissue,

LG which in turn facilitates more rapid heali bost

operation recovary.

The structure of the distal assembly
be

flezibkle andoscope having a working channel with an intarnal

rarticalarly designed for use with a conventional stesrabkle

diameters of 2.8 we and a channel length of between

50 cm and I auch ths majority cf the comparatively

15 housed within

asmall diameter {less than 3 nm)

the ilumen of a much larger and predowminantly polymer

abing device, i.e, the flezible endeozcope chanpel, which

e
pically has an cuter diameter of 13 mm to 13 mm, In

\}’
pracbice, only 15 mm to 25 mm of the d:

stal azsembly protrudes

from the distal end of the endoscops

i
channesl, in orvder aont Lo

Block the field of view coxr adversely affect camers EGCJJ_irq
The protroding part of the distal assembly 1s the only port

=f the instruament that ever makes direct ceontact with the

patient.

At ths proximal snd of working ghannel,

which is typilcally held 50 cm te 80 com from the patient, the

flexibis shaft 1172 ewmerges working channel port and

30 axtends a further 30 cm to 140 cm to the interface jolot 106,
In uze, the intsrface Joint 106 ls typlcally held by a gloved

rface Joint 108

azsistant throughout the procedure. The in

is designed and manufactured

way asz to provide prim and zecondary elsctyical insulation

5, 3

an with extendsd creepage and olearance distances. The interd

cable 194 is wetaed Lo 102 using a QMA-type

allow continuous

coaxlal dr rface, which

clockwlze or counter cicokwise ri srimits the

interface [oint 106 to rvotate v

118 under the control of the

supports the interfa ] Lhreughaut the procedure in
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order to assist fhe endoscoplst with sywmoathetic instrument

rotation, needle cootrcel and finid

2 and 3 show the ire of an interface

120 that i1s an enmbodiment of the invention. The interface

joint comprisss a hard plastic shell 122, which encases

~

wl 3 one half of the

[

several internal coxn

i ahall 123 i3 remcved Lo de of the fcint., The

i
ghaell 122 is in the shape of a pistel, i.2. 1t has an upper
2 P

barrel portion 121 and a3 lows: which

extends away from a proximal

-

at an oblique angle. The upper barrel

by
the needlie neovemsnt mechandsm, while

portion 123 contains the connecitions for the fluid and energy

:"h

feaeds.

Tha core of the interface ir of ¥Y-shaped

conduits 124, 126 which are mated together toe define a

290 branched passageway. The Y-shaped condults may be made from

suitable hard plastic, and are shown in

and 168, A first length 128 of the

branched passageway ls mounted in and lies along the uppex

n 1 length 128

25 its pro for controlling

deployment of the retractable ¥rod 130 has a

crooked sroximal end 132, which is ited, &.9. heat

in & needile slider 134. The

mounted in the upper barrel porticn 13L. The needls sliderx
30 134 inciudes s protruding thumb trigger 136 for moving the
fro, which causes the nsedle te slide in and out
assembly., The
128 is sealed by a zailicons bung 136, which is shown in nore
. L5A and 15B.

s A second length 140 of

prozimai end of the first length

.

ned passageway 1s mounted

o

in and lies along the lower adicining portion 123, i.e. at an

obiique angle to the first length

7. The second length 1440

onveys a coaxial cable 142 from a proximal OMA-Type connecton

"

144 to the proximal end of the first length 128, where it

PINFN

40 mests the push zod 130 and exits the interface joint 124

typs connzctor 144 1s

through the
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e

connected to the interface cable from the erator. The

ge
coaxial cable 142 may be a Sucoform 047 coaxial cable coated
in 8 30 um layer of Parylene C. The coaxial cable 142 may
pass through a silicone sealing plug 148 at the proximal end
of the second length 140.

A third length 150 of ithe branched passageway lsads off
from the second length 140 fo provide a outward facing fluid
receiving port 152. The fluid receiving poxrt 152 may be a
threaded luer lock fitting, for sealing engagement with a
suitable syringe or the like. The sealing plug 148 and the
bung 138 cause the branched passagsway tc be sealed in a
watertight manner, whereby fiuid introduced at the fluid
receiving pert 152 can only exit the interface jolnt 120
through the distal outlet 146.

The distal outlet 146 of the interfzace Jjoint receives
therethrough a proximal portion of the flexible shaft 154 that
is introduced into the instrument channel of the endoscope.
The filexible shaft conveys the fluid, push rod 130 and coaxial
cable 142 as discussed below. A proximal end of the flexible

&

shaft 154 is directly bonded intc the branched passageway 8¢

£

that there is some overlap along the uppsr barrsl portion 1
This bonded ijunction is masked by a covering 156 (&.g. of
silicone rubber) which fits ilike a stretched glove and is
bended in place. The covering 156 operates as a strain relief
element., aond also doubles as an end of shaft flexible bend
restrictor.

The primary user of the interface joint 120 may be the
endoscopist’s assistant. In use, the operator bLypica
offers the distal tip of the instrument to the endoscopi

insertion down the working channel ¢of the flexikle

makes the electrical connection between interface joint
and the interface cable {which is connected to the generator)
and then supports the interface joint 120 itself throughout
the procedure. During the procedure the operator can inject
the distension/marker fluids as required via % to 2C ml
syringes attached to the fluid receiving port 152 and operate
the needle slider 134 as instructed by the endoscoriS'.

The flexible shaft 154 comprises an cuter cannula tube
that contains the coaxial cable 142, push rod 130 and fluid.
The specific intexnal structure ¢f the flexikle shaft iz

discussed below with reference to Fig. 10. The distal
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agsembly is fixed to the cuter caanula tube in a manner that

means any rotation applied toe the tube is passed to the distal
agsembly. Accordingly, to permit rotalable manipulaticn of
the distal assembly, a torque fransfer unit is mounted on ths
flexible shaft in order to facilitate rotation thereof.

Figs. 4A and 4B show a torgue transfer unib 158 that is
an embociment of the invention. Essentially the torgue

transfsr unit 158 is an elongate clamp that imparts a gripping

1
force aiong a length of the flexible shafi. By gripping a
length of the shaft, the torgue transfer unit can apply a
lowar mazimom pressure, and therefore prevent damage to the
flexible shaft and its contents.

A shown in Fig. 4A, the torque transfer unilt 158
comprises an upper elongate housing memper 160 and & lower

glongate housing member 162, which are hinged together about a

pivot rod 164 at a distal end thereof. The upper elongate

housing member 160 and the lower slongate housing member 162
each carry a U-shaped clamping member therein 186. The
clamping members 1€% opposs cne another, whereby pivoting the
upper elongate housing mewmber 150 and the lower elongate
housing member 162 relative to esach other alters the distance
between the clamping members 166. A deformable tubs 168 iz
mounted betwesn the clamping members 166, The deformable tube
168 is threaded on to the flexible shaft, which passes though
holes 179 in ths distal and proximel faces of the torque

transfer unit 158. In use, the upper eslicngate housing member

betwesn a releases position in which the torgue transfer un
can be slid up and down the flezible shaft, and a clamping
wosition, in which the deformable tube 168 is squashed between
the clamping members to impart a gripping force on the
flexible shaft. The upper elengate housing member 160 and the
lower elongate housing membsr 162 can be retainsd in the

~

clamping position by a relsa=zable clip 172. The distal end of
the torque transfer unit 158 has a series of circumfersptial
indentations designed to bs grippzd by the thumb and
forefinger of the operator, to facilitate rotation.

Fig. 5% i3 a perspective view of an interface jolnt 180 in

conjunction with a torque transfer unit 158 that is ang

embodiment of the invention., The torque transfer unit 158 is
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the same as thab discussed above with reference te Fias, 44

and 48 and is not discusse

(,\

(o)
&
[l
&
-
—
b
B

The interface joint 180 in thiszs smbodiment comprises a
v

1,

compact barrel-like body 182, which facllitates rotation by

the endoscopist’s assistant. In particular, the interface

cabkle 104 is cornneciad in nment with the body 182,

e.g., via a snap-fift rotary ooar

ANecror.

includes a nested barrvel 184 for rec
deliver filuld. The nested barrel
window i8¢ to show how much fiuid

In this embodiment, a needls slider control 190 is

body 186 for thuarbh control

mounted towards the anose of 4f

body 182 is supported in the palm of the hand. The

may have free reciprecal movsmsnt as in the

embodiment shown in Figs. 2 and 3. A latch mechani

shown) mayv bhe provided to lock and park the slidsr

N

fully retracted needle positicon. Alterpatively the slidsr may

have a spring-leoaded action which blases the mechanism intoe
ths retracted state. ®With the sprung leaded option thes usex
{Fssistant) would need to hold the siider forward against the
spring whilst injecting the fluid.

a perspective view of a combined interface
e transfer unit 192 that is another smbodiment

ntoand torgu

of the invention Al functions of the

(n

aparate Lorgus

unit and interface Joints discussad above are

provided hers within a single moulded assembly. However, the

combined unit iz net able to slide along the flexib shafi in

P

the instrument snonld e closely

gae, which
the endoacope working channel length, However, ar
rangement iz that there 1s more microwave

able at the active Tip in the distal assembly

because a shorter instrument length means less power is lost,
The combined unit 192 cowmprisss a walsted barvel 154 with
a faceted distal end 196 to facilitabe easy finger and thumb

rotary contrel. A nesdie slider 198 is mounted towards the

)

back of the barrel 194 due to the natural hold and suopport
pesition oy the endoscoplst during these procedures,

As an alte

o the nesdle sliider 198, a hinged

coutd be vzed for eas

recker type control

control. With this dasign needls siider {or rockes

forward and back would be regquirsed or latch back



=

WO 2015/101787 PCT/GB2014/053857

Ny
%

to anable one handed operation and fiuid

endoscopist, i.e. qive ths endoscopisit the
freedom to uze their second hand to hold or manipulate the
endozoope.

Fig. 7 is a perspective view of a combinad interface
Joint and torcgue transfer unit 200 that is ancther ewbodiment

of the in The combined unit 200 is similar to tThe

st -
davice

6 axcept for

iniection coupling 201. The combd
slim barrsl-like body

z20
needle slider 206 which functicn as

2 with a

sased abova.  The

P EaNe]

202 has a slim, compact design hecause it dees rnot also need

Lo housg @ syringe. Instead, bthe body 202 is connecizsd to a

fluid receiving port 202 via a fluid feed ling 210. This

3.
ot

arrangement may permit the device to be used wi

nolarger
syringes of unrestricted barrel diameter. The body in this

arrangement may also be more lightweight than that shown in

N

lg. 6. In this embkodimasnt the distal end 204 of the body 202

e
L2

inciudes a recessed flat face 212, which allows abutted

location against the endescope port cap for added stakhlility.

As with this device shown in Fig. &, this sclution {(as shown)

raeguires the instrument length to be closely matched to the
thirxd party endoscops working channel length, and thersby
offers the potential for mors microwave power availability at
Lhe instrument tip.

It may be possible to bhuild in short axial adjustment of
up to 100 mm within the combined barrel-shaped units shown in
Figs. & and 7. This may snable the endoscopist to fine tune

the instrwwsnt length to his/ flexikle sndoscops of cholce.

her
This added fuacticnality could alsce minimise the numbexr of
product variants regquired to ocover the range of present day
third party endoscopes.
Figs. 154, 158, 18A and 168 show furthsr detai
of the internal components of the laterface joint.
Figs. 15K and 158

axe and cross-
views of the bung 13% that sealis the vproxiwal and of

e raspectively

lengih of the branched passageway. The bung

& rotary luer 1

k Fitting 246 and a intsgral

ol
sealling diaphragm 248, e.yg. made of
rubkbern.

tly deformable
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Figs. 16A and 16B show the Y-shaped conduits 25C¢ from

which the branched passageway is formed. Each ¥Y-shaped

condult has a main linear channel between s firat inlet 252

and an outlet 254, and a second channel at an cklique angle to
the main linear channel, the sscond channsl having a second
inlet 256 and jJoining the wmain linear channel about halfway
aleng its length. Each of the f

2
inlet 256 has a rotary luer lock fitting

irst inlet 252 and the second
58

Distal as=zembly configuration

Figs. 8, 94 and 2B zhow details of a distal assembly 214
comprising ap active tip that iz an swbodiment of the
inventicn. Fig., 8 showz an exploded view of the componsnt
that form the distal assembly 214. The distal assembly 21
movnted at the distal end of the outer cannula tube 216 of
fiexikble shaft 154 that is discussed akove. In order to
provide a torque transfsr function, the majority of the outer
sannula tube 216 is formed of a braided tube, e.g. comprising
a braided wire {e.g. stainless steel) wrap mounted between a
radially inner polymey layer and & radlalliy ouber polymer
layer. However, to avoid the braid material from interfering
with the deliver of RF and/or microwave freguency EM ensrgy to

the distal assembly, a distal portion 218 of the outer cannula

tube 216 iz mads purely of the polymer lavers, i.e. without an
internal braid.

The distal porticn 218 of the outer cannula layer 216
fits on to a c¢orresponding proximal part 220 of a protactive
hull 222. The protective hull is formed from polyethar ether
ketone (PEEK) or any other suitable engiunsering plastic, and
iz zhaped to perform a nunber of functions, i.e.

- mount the distal assembly on the flexible shaft,

- provide a protective undsrsurface for the active tip,

- provide a protactive housing for the nsedle, and

locate the active tip relative to the ccaxial cable.

©

The parts of the structure of the hull 2Z2 that perform thes
functions are discussed in mors defzail below with reference to
Figs. 143 and 14B.

The distal assembly 214 includes an achtive tip 224, which
i a planar plece of dielectric material (e alumina) having

conductive layers (e.g. of gold) on its upper and lower
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tal end of the active tip 284 is curved.

. L
surfacaes, The dis

The condoctive lavers are electrically coonected to the inner

and ocuter conductors of

Ehe coazizl cable 142 that is conveyved

At the distal end of the coaxial

ia

ovad Lo expose a length of

coenductoer 226.  The inner conductor 228 of the

3

acaxial cabkle sxtends bavond the distal end of the ouber

226. The coaxial

142 and ths active

conducth

are mounted relative to one &0 the pro

part of the inner conductor iles on a first conductiv

lay&“ of the the cuter conductor ZZ0 13

brought inte with a second conductive

layer by & conductive adapior element 230, The first

conductive layer is isclatsd from the outsr conductor 224 and

the sacond conductive layer is isclated from the inner

conductor 228, Furthey detaila of the configurati

active tip are discussad below rfarencs o
11c¢.
When assembled, as shown in Figs. %A and 2B, the activas

ire bonded te each other and to

Q\

tip 224 and coaxial cable 142
the hull 222 by the application of spoxy adhasive cover the

portion of the inner concductor 228 that projects from ths

outer conductoy. This epoxy

end piug for the outer cannula tubes, i.e., a fluld

that means the onlv exit for fluid intreduced at
joint is through the nsedle,

The hmll 222 inciudes a vegess for retaining a needle
guide tube 232, &.g. made of polyimide. In use the distal
assemicly 214 makes an ilntimate contact with the patisnt. The

~

zaedle 234 gan bz extended beyond the distal end of the active

tip 224 and retracted to & pesition back inzide the guide tube

1

232 via control of the 3lider mechanism on the interface

:1'\

joilnt. In its extanded position, the nesdle is used by ths

sndoacopizt to indect fluid for the purpose of

he condactive

ns
<
It
8}
Ui
5
]

1

distending and marking tissue. T

active tip 224 form bi-polar electrodes for delivering RF
and/or microwave fregquency energy.

232 extends bha

inside and prozimal vo

clearance Lo

the distal a&sen@ly o provide ext

gnsure RE/microwave activation only o sz the distal

tip region of the active tip &24.
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Zimilarly it can be seen that the conductive layer 236 iz
recessed back in behind the distal tip region of t©

tip 224, Thig is dene on both upper and lowsr faces to

increass the tracking/creepags distances ab the proximal end of

crowave

otive tip, furthsr ensuring that RE/ o

2

focused towards the distal end and intentional active

cf the tio.

i

4 n

G A ..«J.L‘W’
shaft 15%4. The flaxib]

1.2. the entire length of the instrument connecting ths

=

section of ths

may run for 2.3 m {or 2.0 m),

Joint to the distal
haft langth

of the flexibls andoscope. The

Daring use the

majority of the working channel

T ey e e o] - e
shaft 154 comprises

the ocuter cannula tube {i.e. aided tube
4 re), which forms a id t andd

barrier betwsen user/patient, and the coasxial Sucoform cable

cannuia

142 which in itself 1s further insulated.

tube 216 alsce hicuses a PTFE extruded tube 238 which
provides a low friction pathway f
T stabllity/support to the construction

sathway 1s maintained along the full

all times.

Through the length of the flexible shaft

154, the ooaxial
cable 142 ({e.g. Suceoform C47 cable} forms one lumen of a
ite

with the braided and deoukle insulated

forming the flexible protective

instrument shaft. To manage ths potential the

in use activation controls may bs impozed on the ugse of

microwave energy by the generator. Fou

mpple, in the fdirst

-

application instance activation may bhe limited to 20 s

{continucus output), and thereafter the average power

incidsnce on the proximal end of the distal assembly mav he
limited to 4 W. This control may be imposed indepsndently

the endoscopist, e.¢. wvila the generator softwars., With this

3% control in pla temperature of 40°C has been obaasrved afterx

0 s continuous activation on the polymer surface of the

ioint.,

ot

instrument shaft ilmmediately distal of ths

Continuous

Bfter 20 s the temperaturs then

mioroewave activati maticall

49 interrupted by the 3 activati&n

-

capacity elapse
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In practice, it may not be necessary te activate ths
coagulation function for longer than 10 g due to concerns over
perfusion ai the tip resulting in potential full wall
thickness iniury te ths bowel wall,

Figs. 11A, 1iB and 11C illustrate the dimensions of one
example of an active tip 224 that can be used in smbodiments
of the inventien. 7The everall iength of the active tip is
10.6 mm;, with a maximum width of 2 mm and a height of 0.5 mm.
The layer of metallisation on the active tip has 2 thickness
of .03 mm. The curved distal end 1s menufactured as a
plurality of radiused sections of decreasing leogth and radius
towards the distal tip. In this embodimant there are five
different radiussed section, but more could be used. Tha
iength of each section and its corressponding radius of

curvature is given in Table 1:

<
.

ey
b
n
(4]

Tabie 1: Curvature at distal end of active tip

As mentioned above, the conductive layers on both surface
ra et back from the edges of the dielectric subsirate by a
distancs cf 0.2 mm along the proximsl & mm of the tip. And to
ansure that the top coaductive layer is isclated from the
outar conductor of the coaxial cable, the top conductive layver
is set back from the proximal edge of the dielectric substrate
by a distance of §.6 mux.

Pigs. 122 and 12B depict the transition from the push rod
130 to the needis 234. A nsedle farrule 240 is connected to
the push rod 130 at a proximal end therecof and is connecisd to

-

the needle 234 at a distal end therect. A set of holes in the

outer surface of the needle ferrule 240 permits ingress of

fluid from the flexible shaft for delivery out of the neadle
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306 of dielectric material. A tongue (not shown) of
conductive ceating is formsed on the bovtom surface of the

© tube at its distal end with a similar shape and size to

onuten

the island 308. Howewver, the tongue remains in elactrical

conbact with the rest of the conductive coating, i.e. it is an
extension of thes cuter conductor.

A hole 310 (e.g. having a diameter of 1 mr) is formed in
the island 308 through the conductive coating and insulating
dielectric material, thereby exposing the irnner tube 302. The

i hole is then filled with a conductive material (e.¢g. epoxy
glilver) in crder to electrically connect the innsr tube 302
with the igland 308. As a result, the distal end of the outer
tube has two oppossd electrical contachts on its cuter surface.
A first contact (the island 308) is in electrical connaction

second

ith the

15 with the inner tube 302 {(i.e. inner conductor)

contact {the tongue) is in electrical

gh ("
-
]

conductive coating of the ocuter tube 30
conductor; .
The third view from left in Fig. 174 shows the nest stage
20 in asssmbly, where an instrument tip 312 is inserted into the
diztal end of the outer tubs 304. The instrument tip 312
comprises a planar piece 314 of rigid dielectric, e.q.
ceramic, such ag alumina. The cuter tube 304 has two oppoesing
tabs 316, which can receive and retain the planar piece 314,
25 .., as an interference fit or using suitable adhesive.
The side edgss of the planar pisce 314 ftapger in a guaszi-
parabolic manner towards the distal end therecf. Ths flat

upper and lower surfaces have conduchtive layers, e.g. of gold

or silver metallisation, formed therecon., The upper layer 318
30 is wisible in Pig. 17A.

The right most view in Fig. 17A shows the final stage of
assembly, in which the first and second contacts are
elactrically connected respeactively to the upper and lowsr
ondoctive layers on the instrument tip 312 using a piece of

35 conductive foil 318.

Fig. 178 shows an end view of the distal end portion 300
after asgembly. Here it can be seen that the lower piscs of
conductive foil 320 has a hole 322 formed thersin through

which the retractable nesdle discussed above can pass.
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CLAIMS

1. An electrosurgical instrument for applying to
biclogical tissue radiofrequency (RF) electromagnetic (EM)
enerqgy and/or microwave frequency EM energy, the instrument
comprising:

an instrument tip comprising a planar body made of a
first dielectric material separating a first conductive
element on a first surface thereocf 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 conductor, an
outer conductor coaxial with the inner conductor and a second
dielectric material separating the inner and outer conductors,
the coaxial feed cable being for conveying an RF signal and/or
a microwave signal; and

a protective hull comprising a third piece of dielectric
material mounted to cover the underside of the planar body,

wherein the inner conductor is electrically connected to
the first conductive element and Lhe outer conductor is
electrically connected to the second conductive element to
enable the instrument tip to receive the RF signal and/or the
microwave signal,

wherein the protective hull has a smoothly contoured
convex undersurface facing away from the planar body,

wherein Lhe planar body has a tapering distal edge, and

wherein the underside of the planar body extends beyond

the protective hull at the tapering distal edge.

2. An electrosurgical instrument according to claim 1,
wherein the underside of the planar body extends bkevond the
protective hull at the tapering distal edge 0.2w or less,

where w is the maximum width of the planar body.
3. An electrosurgical instrument acceording to c¢laim 1

or 2, wherein the tapering distal edge extends around a distal

third of planar body.

AMENDED SHEET



10

15

20

30

40

o8}
N>

4. An electrosurgical instrument according to any
preceding claim, wherein the tapering distal edge comprises a

radiused distal tip.

5. An electrosurgical instrument according to any
preceding claim, wherein the tapering distal edge is a
continuous curve.

6. En electrosurgical instrument according to claim 5,
wherein the tapering dislal edge has curvature formed from a
plurality of contiguous radiused sections, each radiused
section having a radius of curvature less than its proximal

neighbour.

7. An electrosurgical instrument according to any
preceding claim, wherein the planar body has a length of
between 5w and 6w, where w is the maximum width of the planar
body.

8. An electrosurgical instrument according to any
preceding claim, wherein the maximum width of the planar body

iz 9 mm or less.

9. An electrosurgical instrument according to c¢laim 7,

wherein the maximum width of the planar body is 2 mm or less.

10. An electrosurgical instrument according to any
preceding claim, wherein the first and second conductive
elements each comprise a layers of metallisation, the layers
of metallisation being formed on opposite surfaces of the

first dielectric material.

11. 2n electrosurgical instrument acccrding to claim 10,
wherein the layers of metallisation are set back from the side
edges of the first dielectric material in a proximal region of

the planar body.
12. an electrosurgical instrument according to claim 11,

wherein the proximal region comprises the region of the planar

body proximal to the tapering distal end.

AMENDED SHEET
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13. An electrosurgical instrument according to claim 11
or 12, wherein the layers of metallisation are set back by 0.2

mm.

14. An electrosurgical instrument according to any
preceding claim, wherein the protective hull is made from

polyether ether ketone (PEEK) or ceramic.

15. An electresurgical instrument according to any
preceding claim, wherein the protective hull and first

dielectric material are formed in one piece.

16. An clectrosurgical instrument according to any
preceding claim, wherein the protective hull is selectively
metallised to form part of the first conductive element or

second conductive element.

17. An electrosurgical instrument according to any
preceding claim including a fluid feed conduit for conveying
fluid to the instrument tip for delivery out of the

instrument.

18. An eclectrosurgical instrument according to claim 17,
wherein the fluid feed conduit comprises a sleeve that defines
a lumen for transporting fluid to the instrument tip, the
sleeve having the planar body and protective hull secured at a
distal end thereof, and being arranged to carry the coaxial
cable in the lumen.

19. An electrosurgical instrument according to claim 18
including a fluid delivery mechanism mounted at the distal end
of lumen of the slceve, the fluid delivery mechanism being
operable to deliver fluid from the lumen through the
protective hull.

20. aAn electrosurgical instrument according to claim 19,

i
8]

wherein the undersurface of the protective hull has a

longitudinally extending recessed channel formed therein, and
wherein Lhe fluid delivery mechanism includes an insulating

needle guide tube meounted within and extends proximally from

AMENDED SHEET



the recess choann=1, and a retractabloe nocdle slidably mount od

in the necdle guide Tuboe.

Ly
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