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ELECTROSURGICAL APPARETUS FOR DELIVERING RE BND/OR MICRQQKVE

ENERGY INTO BIOLOGICAL TISSUE

TECHNICAL. FIBLD

ical apparatus and

The invention relates to an electrosuryg
device for delivering radicfrequency and/or microwave

f"equﬁ“”y snergy into kislogical tissue. In particular, the
vention ralates to an electrosutrgical instrument capable of

G b

elivering radicftvquency (RFY energy for cutting tissue
7

ve fregquency =anergy for hasmostasis {(i.e.

promoting biocd coagulation}. The inventicn may bs

particulariy suitable in gastrointestinal {(GI} procedures
~

J
associated with the lower and upper GI tracht, 2.g. to rencve

on the bowsl, i.e. for endoscopic mucosal resection, oK

15

iescopdc submucoszal dissection. The invention may also lend

25

oplc surgery. The invention may find use in sar,

to other grecedurs, e.g. in general surgery or
c

and throat procedures and liver resacticn. The davice may
d { with the

20 alsc be used to address procedures

pancreas, #.g. te rasect or remove tumours or abnormalities in

close proximity to the portal vein or the pancreatic ducth.

BA KhPO( D) PO CTHE ENVENll”N

Surgical resec stion is 2 means of removing
organs from within the human or animal mody. Such crgans nay
be nighly vascular. When tissue is cut (divided ox
transected) swmaili blood vessels called arterioles are damaged

o cr ruptured. Initial blileeding is followed by a coagulaticn
cascade where the blood is turned inte a clot in an atiempt to
plﬁg the bleeding point. During an operation; it is .desirable
for & patient te lose as little blicod as possible 8o various
devices have bheen develcped in an attempt to provide blood

free cutting For endescoplc procsdures, bleeds are also

2 v
7

undesirable, and need to be dealt with in an expedient manner,

4 flow may obscure the opesrater’s vision, which

since the dblo £ Y

C)

may prolong suvrgery and potentialily lead to the procedure

needing ed and another method used instead; e.g.

M

open surgery.

XS
A
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Eilectrosurgical generators are prevalent in hospital

open and laparcscopic

[
';(

cperating theatres, often for use
increasingly for use in endoscopy sultes. In

endozcopic procedures ths electrosurgical access

o
% typically inserted through a lumen inside an endoscepe.

Considered against e eguivalent access channsl for
laparoscopic surgery, such a luwmen is comparatively narrow in
bore and greater in length. '
Instead of a sharp blade, it is known to use
0 radiofreguency {RF} energy to cut bi
mzthod of cutting ng RF energy oper

si ¥
ic current passes through a tissue matzrix

that as an electr

{aided by the ion contents of the celils and the
intercellular electrolyites), the impedance to the flow of

& -lectrons across the tissue gsnsrates heat. In practice, an

e 7

’D

cross the

"u

instrument iz arranged to apply an RE voltage
2at within the

’D

tissue matriz that is sufficient to generate h
cells to wvaporise the water content of the tissus. Howevsar,
as a result of this increasing desiccation, particularly

gion of the inmstrument {which

ent. Lo the RE smitil

si £ the current path through
Y, direct physzcal contach bastween ths tissue and
P

instrument can be lost. The applied voltage then manifastis

oltage drop across this small veold, which causes

the void that leads to & plasma. Flasma haz a

kol

very high volume resistivity compared with tissue. The energy

supplied to the instrument maintains the plasma, i.e.

completes the siectrical circuit ketwesn the instrument and

the tissue. Volatile material entering the plasma can be

the perception is thersfcre of a tissue

'.f),

vaporised aw
dissecting piasma.

GR 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

"}
\n

h
s first and second conduchtive layers on opposite surfac
o=

f;‘i

ion iine being connect

planar transmis

therenf, ths d to a
ro

coaxial cabple that is arranged to deliver either microwave or

cable

}...

RF ens to the planar transmission lins, the coaxlia

comprising an inner conductor, an cuter copductor coazial with

L

40 the inner conductor, and a second dielesctric material

s the outer and inner conductors, the inner and cuter

separati
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conductors extera;ng beyond the second dieleciric at a

connection interface to opposite surfaces of the

ission 1i

Transm

conductive laver and

8 The first conductive layer is spacsed from the end of

transmission ne thait abuts the coax! cable te electrically

AL

isclate the outer condustor from the first conductivs laysy
and aiso the distance of the gap is involved with matching the
impedance of the energy delivered from the microwave source
and the width of
selected o

th the impsadance of the biclogical

first and -second coanductive layer
ncs match batween the btransmiszsion line

IANQGE

help
and the coaxial cable
The spatulaz configuration set forth in GB 2 472 872
15 provides desirable insertion loss between the co-axzlal feed
line and the end radiating section, whilst also providing
desirabls return loss propserities for the edgss of the spatula
when in contact with air and biological tissue respectively.
In mors detail, the insertion loss aleong the structure may be
28 iess than 0.2 4B at the freguency of interest, and the return
ioss less than {more r@¢at ve than) -1 dB, preferably less
than -10 dB. These properties may also indicate a well

matched junction between the coaxial cable and the

transmisaion line spatula structure, whereby microwave powexr
4] tula. Similariy, when the

iently intoe the spat

s of ths Spatula are exposed to air or bislogical tiszsue

e
that is not ¢f interxest, the rsturn lcssz may be stbsta

zero (i.e. very little power radisted intec frse space or

1 desirable

undesirable tissue), whereas when in contaci wi
e the return loss may he less than (more

[ £3]
p]
o
e
¢
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laat
P

C
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i
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nagative than) -3 dB, preferably less than ~10

of power in the spatula is transferred

s ey 0TI

instrument discussed in GB 2 472 972 is intended to

radiate microwave energy from the edges of the planar
ed tissve ablation or

RTS8}
N
in

ne to cause local:

transmission

aticn.
GB 2 472 $72 also disclceses that the spatula discussed

coagul

above may have an RF cutting porticn integrated therswith.
first and

40 The RF cutting portion may be formed by using the

second conductive lavers mentioned above as active and return
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electrodes for IF energy This arrangemant may taks

of the fact that the active and return electrodes ars
proximity to one another, thus setting up a preferential
return path to enable local tissue cutiting action to take

ut the nszed for a remcte return pad or a highly

conductive liguid, i.e. saline, existing beltween the two
electrodes.

In this exampls, the RP cuitting portion may comprise a RF

ied to the

plangr trans mission iine, a

voltage source Cowug

frequency diplexer/duplexer unit {(or signal adder} comprising

a low pass filter to prevent the high freguency microwave
energy from going back into the lower frequency RP energy
spures and a high pass filter to prevent the lowsr freguency

R¥ energy from going back into the higher fregquency microwave

ene r¢v scurce. In one
dip
snergy sources to be combi

may be used to the microwave and RF

e generator and dzlivered

aiong a singlie channel, e.g. co-axlal cabls, vegulds

wal
assembly or twisted pair, to the spatula struch: The RF

[

O
e

X
cutting ens may be delivered alone into the tissue or
g ;

may ke mixed or added with ths microwave energy and delivered

simultansously to set up a hlended mode of cperation.

SUMMARY, OF THE INVENTIO

invention develops further the spatula

in GB 2z 472 972 and the mannsr with which it

interfaces with a gensrator that provides RF and/or microwave

ment.

gy for treas
in a first aapect, the inventicn provides an further

optimised configuration for the distal end of an

electrosurgical tool for controlled resscticn of hiological

tissue.

In z second aspect, the invention provides an interiface

int for integrating into a single cable assembly all of (1)

& fluid feed, {(i1i) a needle movement mechanism, and {iii} an

enerygy fzed {e.g. a cable supplying RF and/or micro

energy). 'The cabls assewbly may ke sized to fit through the
instrument charmnel of a conventicnal sndoscope.

In a2 third aspesct, the invention providesz a bLorgue

it

transfer device for permitting conitrolled rotation cf the
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within the instrument channel cof the endoscops.

joint rand torgue transfer device may be

3 single component.
According to the firast aspect of the invention, there is
rgical instrumant for applying to

tic (EM}

provided an electros:

ssue radicfrequency ( eClhroemagn:

+
energy and/or microwave frequency EM energy, the instrument
comprising: an instrument fip comprising a planar body mads of

a first dielectric material separating a first conductive

sment on a first surface thereof from a second conductive

=

element on a second surfsce therszof, the second surface facing

>

dirvection to the first surface; a coaxial feed

in the oppo

cable compriszing an innsr coeaducter, an ocuter conductor

coaxial with the innsr conductor and a zecond dielectric

material separating the innexr and cuter conductors, ths

coazial feed cable beaing for conveying an RF signal and/cr &
microwave signal; and a protestive hull comprising a thirzd
piece of dielectric material mounted to cover the underside of

the planar body, wherein the inner conductor is electrically

connected to the first ceonduciive element and the outer

conductor iz electrxically connected to the second conductive

element to emable the instrument tip to recelve ths RF signal
and/or the microwave signal, wherein the protective hull has a
smoocthly contoured convex undersurface facing away from the
planar body, whereiln the planar body has a tapering dis

edgs, and wherein the undsrside of the planar body extends

at the tapering distal edge. This

heyend the protective hull

combination of featurss repressnts an optimal coafigur

~

that balances the accuracy of treatment at the distal tip

53

h

{which is enhanced dus to the sxtension of thes planar body

ocver the protecitive hu with the ease of safe manipuiation

instrument (due to the protective hi itself) .

cf the
The portion of the underside of the planar body that
extends beyond the protective hull at the tapering distal edgs

may be tszrmed the extension zone. The sxtensiocn zone may be

uniform arcund the psrimeter of the tapering distal edge.

Alternatively, ths sxtension £ may taper in width
towards the distal tip c¢f the planar body. The tapsr

be between 2 minimum value at the distal tip and a mazimum

iy may

end of the tapering distal sdge. Thars
t th

N

value at the proximal

[s5}
2l

may be zero extension distal tip, i.e. the pretective
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hull may be ceatiguous (i.s. flush) with the planar bady at
that point. The axtension zcns may ke sized to provi a

emittaed by the device,

an

henefici impact the energy fiel

.

but without adversely impacting the function of the protectiwvs

nuall.

The magnitude of the extensicn zone may

¢.g, in proporition to, ithe geometry of the dist

planar body may have any dimensions suitable for use in a

particular procsdure. For example, for endoscopic procedures,
1¢ the instrument may have an overall outsr diameter of 2.3 mm or

less, preferably 1.2 mw or lsss. The width of the planar body

may thus ke 2 mm of less. However, oither procedures may be
lessz restrichtive, wherebhy the width of the planar iedy may be
up to 2 mm. The width of the extension zone, i.e. the

distance by with the tapering distal edge extends beyond the

)

protective hull in a directicn normal to the edge of the
protective hull may be 0.2w or lass, preferably 0.lw or less,
where ®w is the maximum width of the planar body {i.e. the
maximum dimension of the planar body in the direction of the
diameter of the lumen ox catheter through which it is inserted
the

in use. Thus, for a planar body having

4
&

extension zone may have a mazimum width
In use, the first and second conductive elements may be
ath for RF energy, i.8. a

provide a lecal return p

25 low impedance reute for RF energy to be transported betwesn
the first and second conductive elsmsnts. The first and
second conductive elements may be layers of metalliisation
formed on opposite surfaces of the first dielectric material.

The first and second conductive elements may ke arranged to
R4 =

L)
fo}

zet up a local electric field at a contact region in which the
instrument tip makes contact with the kiclogical tissue. The

~ic field can pe extremely high, which may cause a

local elex
nicroplasmwa {i.e, a hot thermsl plasma) to be formed at the

diztal si portion of the planar body, 2.4. where contact is

3 made with the biological tissus. The microplasma may be

i

desirable in terms of achieving efficient cutiting.

Meanwhile, for a microwave signal, the instrunse
be modellisd az a parallel plate transmission line with the

planar body represeniting dielectric material separaiing Lwo

a0 conductive plates. The radiation pattern of the microwave
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freguency EM energy in this case despends on the overall shape
[aks

of the plilanar body and the microwave feed structure. In this
particular instance, the gap at the proximal =od betwesn the

feed line {(centre conductor) and the upper conductive

5 layer plays an important role in ensuring that the nicrcwavs
energy from the source is matched in terms of impedance with
the 1load impsdance presented by the tiszsue. The overall length
of the planar transmissicn iine arrangement is also important
in terxms ¢f matching the impedance {or the energy delivery} of

i0 {or from) the coaxial transmiszion line with {or into) ths

biological tissue, i.e. ithe may form a guarter wave

impedance tranzformer or ogth resonator. Using

a
known simulation tools, this may be nmodelled to control fram

which edges the microwave frequency EM ensrgy is rad

1% Fox example, the instrument tip may be configured to inhibit

don of the microwave EM radiation from a distal edge of

radi
the planar kody.
The tapering distal edge may have any suitable profile,
e,g. obtained by computer modeiling the device in particular
20 use configurations. ?e tapering distal edge may ba curved or
nation of the two. For example, the

straight or a combi
tapering distal edge may comprise a straight taper terminated

in a curvad distal g. a singie radius curved distal

is around a distal

—+

£ip. The tapexirn

edge may extend
nent, the corved diste

ot

hird of planar boedy. In cne embodi
edge may have a curvature formed frewm a plurality cf
s, sach radiused secticn having &

")

contiguous radiused secti
radius ¢of curvature less than its prozimal neighbour. There

may be three of more section of different radii. The

pluraiity of contiguous radivsed sections may be arranged o

33U

give the curved distal edgs a quasi parabolic shape.

As mentionad above, the width of the planar body may be

ated by the intended use for ths instrument. In

endoscopic procedures, ths width may bs 2 mm or lsss, whersas

less restrictive procedurss the width may be up to 2

mm, e.g. any of 8 mm or lass, 7 mm or less, & mm or less, 5 mm

4 mm or less or 3 mm or less.

The lengih of the planar body (including the tTapering
distal end) may ke related teo, e.yg. in proportion with, its

a0 wicith in order te deliver the RF and/cor microwave freqguency

energy wost e¥ficiently. The length of the planar body may
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thus be about 5w, e.g. between 5w and 6w, preferably 5.3w
where w is the maximum width of the planar body.

In one smbodiment, the planar body has a maximum width of
2 mm and 3 mazimum length of 10.6 mm, In this embodiment, the
tapering distal edge may comprise a plurality of contiguous
radiused sechtions consisting of a first radiuysed sectiocn
having a length of 1.5 mm and a radius of curvature of 12.4
mm, a second radiusad saction having a length of 1.0 mm and
radius of curvature of 3.2 mm, a third rediused secticn
naving a length of 0.7 mm and a radius of curvature of 3.2 mm,

a Fourth radiused section having a length of §.2 mm and a

radivs of curvature of 0.85% mm, and a fifth radiused section

having a length of .1 mm and a radivs of curvature of 0.35
o,

The first and second conductive elements may each
comprise a laver of metallisation, the layers of metallisation
being formed on oppoesite surfaces of the first dielectri
-

on may be set back. (=

.:
'.\.,

material. The layers of metallisat

,.4.

[

.
ba

by 0.2 mm) from the side sdges of the first disiesctx
t

material in & proximal resgieon of ths planar body, reduce

o
the field strength = region. The proximal region may

comprise the region of the planar body proximal to the curved
distal end. This may help concentrzate ths snsrgy de
the distal end. The inner conductor and outsr conductor may

ivery at

contact the first and second conductive elements in a ccaxial
rst and sescond conductive elements may be
C

manneyr, i.e.
shaped to be symmetric about an azis running along the planar
body from the ccaxlal feed cable.

The undersurface of ithe protective hull may smocthly

perimeter o meet ths underside of the planar

null may alsc dacrease

U
9]

mody. The thicknes

"

neat tip. Thus, ths outer
re

towards the distal end of t
portion of the protective hull may have a convex profile. The
undersurface may have a longitudinally extending recesssad
channel formed therein. The tapering edge profile and

ecessad channel may cause the undersurface of the protactive

o2
2

hull to comprise a pair of ridgss. The tapered coniormal
flowing form cf the hull may rsduce the risk cof the instrument

digging inte collateral

For example, this shape may reduce the ment
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digging into the bowel wall and causing a bowel perxrforaticn or

may protect the portal veln or pancreatic duct from being

damaged. The particular dimensionsz of the hull {e.g. length,

widith, thickness, 2tc.} may bs adapted te suit the intended
& use and intended aresa of the body to be operated on.

The protective hull may bz formsd frowm a biceoumpatible

her ket

non-conductive material, such as pcelyether

{FEEK}, ceramic {(e.g. alumina, zirconla or zirconlia toughened

W

alumina {ZT4)} or biocompatible plastic that deces not stick to

the wall of the bowel {or other biological itissue} or the

1d

t

liks, Alternatively, the hull may alsc be formed from a

s.g. titanium; stesl, or may be a multi-

metalliic mater:

laysr structurs It may be attached {(z.g. bonded} to

or azecond conductive siements is on

whichever one of the firs
the underside of the first dieleciric material. However, in

one embodiment, the protective hull may be formed of the sane

material as the first dielectric material. The protective
hull and first dielectric material may be formed in one piece

as a unitary body. In this arrangement one or more planar

]

20 slects may be formad g. cut? in the unitary body to allow

conductive material to be inssrted to form the first and/or

second ceonductive matarial. The conductive material may ke

inserted by coating one or more internal surfaces of the slot.
3

Alternatively or additionally, the protective hull may be
selectively metallised to form part of the first or sescond

u.

conductive elements.
The instrument may inciude a fluid fesed conduit for

deliveving fluid {e.g. saline} to the instrument tip. The

fiuid fesed condult may comprise a passageway through the
30 protective hull for delivezlng fiuvid to the treatment site.

The passageway may include an outlet lccated in the recsssed

channel of the protective huli. The ccaxial fesd cabl

multi-lumen conduit assembly fox delivs

a

form paxrt of

and/or microwave fregquency energy and fluid (liguid or gas) o

the dnstrument. The £iluid (protective hull} may be conveyed

through a corresponding passageway formed within the mualti-

lumen conduit asssmbply. The fiuid feed conduit may alsc be

used te delliver other material te the treatment site, e.g.
L, intection of

%

—

gas or a sclid (e.g. powder;. In one embodimsn

10 fluid (saline or the 1 is used o plump uve the biclegicsel

tissue at the treatment site. This may be particularly useful
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where the instrument is used to treat the wall of the bowel or
the wall of the cesophagus or for protecting the portal veln

n a tumour or other abnormality

O

or the pancreatic duct whe
locatad in clese proximity, in corder to proisct these

5 structuraes and create a cushion of fluid. Plumping up the

tizsus in thiz manner may hsip to reduce the risk of howel

perforation, damage fto the wall of the oesophagus or leakage

SR
SR

of from the pancreatic duct or damage to the porital veln,

This aspect of the invention may make 1t capable of treating
10 cther cenditions where the abnormality {(tumcur, growth, lump,

ete.) is close to a zensitive bislogical structure.

a2

o be able bto use the same instrument

drantagecus &
to deliver fluid as delivers RF and/or microwave energy since
defiation {(z.g. due to £iuild seepags or loss of insufilation
introduced intc the

air} mway occur if a separate instrum

region or during treatment. The ability Lo introduce f£luid

using the same treatment structure enables the level to he

[0S 84 4

t@pped up as scon as deflation occurs. Moreover, the use cf a

=

single instrument to perform desziccation or dissection as well

20
&

20 as to introeduce £luid also raduces the time taken to pesrform
the overall procedurs, reduces the risk of causing harm to the
patient and alszo reduces the risk ¢f infection. Mors
generally, injection of fluid may be used to flush the
treatment region, £.g. to remove waste products or removed

tizsue to provide vetter visibility when ftreating. As

(o}

pate

mentioned above, this wmay be particelarly useful in eandoscop
procedures.

The undersurface of the protective hull may have a
longitudinally externding recesssd channel formsd therein, and

s
delivery mechanisme may include an insulating nsedle

ot

guide tube wmounted wi and extends proximaily from the

cess channel, and a retractable needle (e.g. hypodermic

needle) slidably mounted in the needle guide tube. The nsedle
may have an outer diameter less than 0.6 mm, e.g. 0.4 mm. The

35 needle may be movable in the longitudinal direction between a

ploved position in which it protrudes beyond the diztal end

ae

527

cf the instrument tip and a retracted position in which it is
zet back from ths distal edge cof the instrument tip, =.9.
al to the planar body.

v locates proxi

o}

below the planar body
fluid feed condult may compriss a

e

40 Biternatively, %th
tubular {e.g. conical} protrusicn integrally formed in the
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protective hull, e.g. on an undersurface thereof. The tip of

fer

the protrusion may have an cutlisi for a fluid passage, and
injection

sct slightly

vad needle—

thus may act as &

into the tissue. 7The tip of ths cone may

Z

o]
meyond the distal tip of the planer hody,

According teo the second aspact of the invention,
provided an interface joint for intercvnnecting an
electrosurgical generator and an electrosurgical instrument
{which may be an instrument according to the first aspect of
the invention}, the interface jeint comprising: a housing made
of siectrically insulating material, the housing having: a
first inlet for racsiving radicfrequency (RF) elsctromagnestic
{EM} energy and/or microwave freqb ency EM snergy from the
electrosurgical generator, a second inlset for receiving fluid,
and an outlet; a single cable assembly for connscting ths
outlet to the
aszempbly comp:

-rument, the signal cabis

that defines a fluid

path that is in fluid communication with the second

‘-h

S 1owW
inlet, and which convevs a cozaxial cable that is connscted to

-he first inlet.

o+

The electrosurgical generator may be any device capable

of delivery RF EM ensrgy or microwave freguency EM enexrgy for

treatment of pbiological tissue. For ezample, the gsnerator
described in Wo 2012/076844 may be used.
The ﬁl@(ftﬁbrP ical instrument may be any device which in

use 1s arranged to uze RF EM energy or microwave freguency EM

enexgy for the treatment of biclogical tissue. The

lectrosurgical instrument may use the RF ¥ ensrgy and/or
microwave freguency EM energy for any oxr all of resection,
coagulation and ablation. For example, the instrument may be
a resection device as disclosed herein, but alternatively may
Ihe any of a palr cof microwave forceps, a snare that radiates
microwavs energy and/cr couples RF energy, and an argon beam
cocagulator.

Tha housing may provide a double isclation barrier for

the operatcr, J.e. the hceusing may compriss an cuter casing

rst level of isolaticon) that eancapsulates a branched

[N

CaZ3ageway {(sSecon d 1 avel of 1 acla t J. on } with I_ Tt ‘aihi ch L.h@
! b R
e cablsa as .Ezembly‘.

various inputs are inteqr«hed into the <
The branched passagseway may provide a watertight voliume which

definss a fluid flow path bsitween the second inlet and the
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cutlet, and which has a first port adjacent to the first inlet
for admitting the coaxial cable.
In use, the interface jceint may be the location at which
fluid for treatment at the instrument i3z introduced. Ths
5 cperator of the intsrface joint may control the introduction

E

i, e.g. via a syringe or other fiunid intreducing

of

mechanism attached to the second inlet. Ths interface joint

may alse include a fluld delivery deployment mechanism that

acts teo instruct or centrol fiuwid delivery at the

18 electrosurgical instrument. For exzample, the interface joint
may include a siidabie trigger on the housing, the slidable
rrigger heing attached to a push rod that extends out of the
housing through the cutlet. The push rod may extend through
the flexible shaft to ths =

iwvaery astructure. For swample, ths

sctrosurgical instrument, where it

15 can control ths fiaid d=

electrosurgical instrument may include a retractable needie

that is switchable into and ocut of fluid communicatiocn with

the fluid fiow path in the flexible shaft by sliding the push
od back and forth.

20 In this arrangement, the branched passageway may inciude
a second port adjacent the slidable trigger for admitting the
push rod.

Both the first prt'and the s=zcond port may oompriss a

sealing bung which defines a watertight passage for the

Ry
jRed

5 coaxial cable and the push rod respsaschtively. The ssaling bung
may be formed from a resiliently deformable meterial, e.g.

icone rubber, whereby the ccaziasl cable and push wod are

encapsulated in the matsrial as they pass through it. Sealing

5,

the first and s=zcond ports in this way means that the only

30 route for fluid cut of the interface joint is through the
cutlet alony the fluid flow path in the flexible sleeve.
The branchad passagsway may have any suliable
configuration. In one embodiment, it iz formed from a pair of
Y-shaped conduits, which are counecied to each over to dafine

a¥
a f

25

irst length in line with the outlet, a second length
extending from a side of the first length at an obligue angle
te the first length, and a third length extending from a side

¢f the second leagth. The first length may have the push rod

(9

ferminate at is proximal

extending through it and may

sealing bung. Phe second length wmay have tha coaxial <

running through it and may terminate at its proximal end in a
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ing bung. The third wth may terminate in the second

s

port for receiving the fiuid. In this arrangement, the

2

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

-, ths branched passageway may have a mcre compact
izngths of the

embedime

5 configuration, in which ths diffexrent

passageway run substantially parallel tc each other. In thia
slongate ocapsule sizad to

arrangement, the housing may be an
£it in an operator’s hand.

The interface Jjoint may be particular suitable forx
gathering a plurality of inputs into a single cable assembly

e} before

<

i.e. the multi-lumen cable assembly mentioned abo

i
it is inserted through the instrument channel of an endoscope.

To achieve this, the cakle asssmblily may have an outer diamete:

for a flexible video

Q
ih

S mm or less, &.g. 2.8 mm or

In order to facilitate manipulation of the instrument at
the distal end of ths instrument channel of the endoscope, the

zible slseve may be provided with longitudinal braids

therein to assist in ths trasnafer of torgue, i.e. to transfer
T

wisting motion at the proximal end of the cable assembliy to

a
the distal end of the cable assembly, where it can cause bi-

rotational rotation of the instrument becauss the instrument

is attached to the cable assembly. flexinle slesve may

zes a inner tube and an ocuter tube, which are bonded o

e attached together with a tube of metallised braiding

in between. The pitch of ths braiding may be variable along
. For example, it may be

the length of the cakle asss
usaful to have z wider pitch in a region =.g. a distal portion
iz important. In order to

of the cable, whers flexibill
ilised braiding from interfering with the R¥F

Lo
i)
%
D
<5
D
5
t
ot
)
o
=1
D
Y

L eld or microwave field at the ianstrument, a distal portion
of the flexible sleeve may be provided in which the braidad
absent, Thes distal portion may be manufactured separately and

attachad {&.9. bonded or welded) to the braided portion.

=

5 The housing may further compriss a strain relief element

al
Pt
s

meunted in the ocutlei and surrounding the flexible slesve.

6]

The funcition of the sirain relisf element is to limit th

movement of the slieeve in this 1« on Lo prevent overflexing

that may damage the internal componzol
4G The flexible sleeve may comprise a multl lumen tuba. The

lumens may e formed by inserting an extrudsed separator
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lumen tubs. Ths extruded separator

element insids a z2i

element may cality of through channels (e.g. two,

three or more). One of the through channels may carry the

push rod (if preserit). The other chaonels may e left enmplty,
5 which can ensure that there is always a open fluid fiow path

betwesn the instrument and interface jeint for guiding the

cal:le and one or more through holes for carrying the
The fluid filow path
e

figid feed cendult and control wire(s

)
zrnal cavity formed by the flezibie s e,

may ficod the int

1.0 and the cecaxial cable may bs immersed in the fluid.

1.0

& distal end of the push rod may be connected to a

of
proximal end of a needls ferrule, which has a nsedie clampsd

to its distal end. The ferrule may be hollcow, with cne or
more openings in its outer wall that cause 1fs intericr to be
in fluid communication with the f£luid flow path through the
flexible The distal end o
such that needle mounted in ths distal end is in f£luid

5¥ the ferrule may be open

with the fluid flow path. The proximal end of

communicat:
the ferrule may be sealed by the push rod.
ect of the invanticn, there ig

According to the thixd

provided a torgue transfer unit for rotating an
ment a3t the distal end of an andoscope

ng a user’s rotating force to a flexible sleeve

connected the slectrosurgical instrument, wherein the
t

nsfer unit comprises an elonaate clamp arranged to

torgus
ng force alcng & length of the flsxible slszeve

n
impart & gripp
that lies outside the endescope, the elongate clamp

comprising: an upper slongate housing member, a lower elongate

housing member pivotably connected the upper elongate

housing member and defining & passage for the flezibls siseve,

wherein the upper =zlongate housing member and the lower

3G

slongate housing member are pivotable betwesn a release

ition in which the torgue transfer unit is slidable up and

clamping position, in which

s
dowpn the flexible sieeve, and a
35 the flexikle slesva 15 gripped bhetwsen Lhe upper zlongate

g member and the lowar elongate housing membsar.

The tergue transfer unit may thus be dasigned to siide
freely along the length of the flexible sleeve to a position
on, ths torgue

3 convenient for use. Ongce in positi

unit can grip the siseve by pivoting the uppex

nousing mempber and the lower elongate housing member

=3
[as]
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together. The torgque transfer unit may inclilude a releasable
ciip thet allows the upper elongate housing member and the

e

o

elongate housing member to be locked in placs at any

b4
peint. The clip may be a resilient latch element on cne of

3

ne uppsr elongate housing member and the lower elongate
ho on the other.

uzing menmbar, which a corresponding c:

d the lowsr elongate

The uppar elongate housing member &
housing membar may sach carry a U-shaped clamping member, the
. ¥ Y 3

U-saaped clamping members bsing arrangsd to opposs one another

1g to impart a substantially uniform gripping pressure on the

@

flexible sleeve when the upperx ngate heusing member and ths

lowsr elongate housing member are in the clamping posiiion.

in a preferred embodiment, an intermediate deformable grip
itd

.

tubs 1s pesition arcund the flexible sieeve between the

fiezible sleeve and shaped clamping members. The

in

intermediate grip tubes may ke made of silicone or any cother

suitable compliant material. In us2 the intermediate

deformable grip tube grips the flexibles slesve on compress

and fixes the position of the torque transfer unit.
srip tube acts to distribute the load on the

20 intermedi

which can prevent local damage to the wall of

flexible

In use, when ths distal tip of the siectrosurgical

ioned relative to the distal end

25 £ 1 flexible endoscvne within the field of visaw cn the

sndoscope’ s video monitor, it is initended that the endoscopist
clamps and locks the torgue transfer unit at the exit point of
the flexible

T

shaft from the endoscope working channel and
immediately adjacent to the endoscops X-Y contrels. When

Wl
7/

nsfar unit provides

Q clamped in this lccation the torgue tra
finger and thumb rotary and longitudinal positional control of

the distal tip of the instrument.  The variaklle positioning

and clamping of the htorgue transfer unit allcows ths instrumsab
zible

endoscopes with working channels anywhere between 60 and 1

to be used endoscopes of differing lengths {e

—

cie long
Hersin, radicfreguency (RF} may mean a stable fixed

frequency in the range 10 kEz to 300 MHz and microwave
=6 frequency in the range 360

frequancy nay mean a3 stalle i
4G MHz to 180 GHz. The RF energy should have a fraquency high

anough to prevent thes energy from causing nerve stimulation
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¢ energy from causing tisaue

and fow snough to prevent i
blanching cor unnscessary thermal margin or damage
tissue structurs., Freferrsd spot fregusencies for
enexrgy laclude any one or more cf: 100 kHz, 250 kHz, 400kHz,

5 530 kHz, 1 MHz, 5 MHz. freferred spot freguencies for the'

nlcrowave energy includs 915 MHz, 2.45 GHz, 5.8 GHz, 14.5 GHz,

& GHz.

-

N3

BRIEF DESCRIPTION OF THE I

RE V)

sing the invention as discussed in detall

Txamples embods

l\

kelow with reference to the accompanying drawings, in which:

Fig. ittic view of a complilste electrosurgery

inventicn is applied;

15 Fig. 2 is a cross-sectional view of an interface jeint

that is an embodiment of the inventiorn;

Fig. 2 is a cut away perspactive viaw of the interfacs

jJoint shown in Fig. 2;

Fig. 4A is an exploded view of a torgue transt

that 1z an embodiment of the invention:

Fig. 48 is a perspective view of the torgue transfer unit
-of Fig. 43 in an assembied state:
Fig. 5 is a schematic perspective view of ancther

2
Joint that is an embodiment of the invention:

I 6§ is a schematic perspecitive view of an integrated
joint and torgue transfer unit that is an embodiment
inventis
. 7 iz a schemetic perspective view of anoither
integrated interface joint and torgue tranzfer unit that is an

yE the invention:

’“J

30 embodiment

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

Fig. 3A is a top perspective view of the distal end

38 aszembly of Fig. 8 in an assembled ztate:

Fig. 9B is a bottom psrapective visw of the distal end

3 in an assembled

aszsewbly of
Fig. 10 is a cross-secticnal view of an interface cable

sultable for use with the presenit invenition:

of & bipolar structure used in the

W
2]
}.4.

G
fa
o
g
$ete
v
Q

ot
9}
d
<
jer
{



fout
L%

Las

WO 2015/101787 ‘ PCT/GB2014/053857

17

Fig. 11B is a side view of a bipolar structure used in
the distal end assembly of ¥Fig. 8

18 a bottom view of & bipolar structure used in

end assembly of Fig. B;

o
>

[
Q.
b

&
ot
\Y
4out
(D

Fig, 12A is view of a needie assembly suitable for use
with the distal end sssembly of Fig. 8;
128 is an enlarged cross-sectional view through the

nzedle asszewbly shown in Fig. 12A;

Pig. 13 is a schematic drawing ustrating a fluid flow
path threugh an intsrface cable that is suitable for use with
the present invention;

Fig. 142 is a top view of a protscitiva hull usad 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. 1i5A is a perspective view 0f a stopper used in the

interfacs jolnt shown in Fig. 2Z:

Fig. 158 is a cross-szectional view through the stoppsr
shown in Fig. 1BA;

Fig. 182 is a perspective view of a Y-sghaped connector
used in the interfasce joint shown in Fig. Z:

Fig. 168 is a cross-sectional view through the ¥Y-zhaped
cennecter shown in Fig., 16A;

Fig. 178 is an isometric view of various stages in the
fabrication of & distal end aszsembly for an electrosurgery

device that is an embodiment of the

Fig. 178 is an end view of the complete distal end

semoly shown in Fig, 174,

fn
(,r.

Varicus aspacts of the present inventions are presented

siectrosurgery system that provides

melow in the context 2f an

an electrosurgical invasivs instrumsnt for use in endoscopic
rocedures for the removal of polyps and malignant growths
through the controlled delivery of heoth microwave and RF
energy. Howeveyr, it is to ke understood that the aspects of
the invention presentsd herein need not be iimited to this

ication. They wmay be egually applicable in

particular appl
embodiments where only RF energy is reguired, or where only RF

energy and fluid delivery is requirsd.



WO 2015/101787 PCT/GB2014/053857

Fig. 1 is a schematic diagram of a complete

sisctrosurgery system 100 that is capable of sele
[

supplying te the distal end of an invasive

w
o3
joR

instrument any or all of RF ensrgy, microwave energy
5 fluid, e.g. saline cr hvaluronic acld. The system 100
comprises a gensrator 102 for controllable supplying BF

snargy and/or microwave fraquency EM

(’ )
—~
-
ey
w5

electromagneti
energy. A suitable gensrator for Lhis purpose is in
WC 20127076844, which is incoerxated herein

id The generatcr 102 is conn ad To an

i04., The interface

N

to rasceive a fiuld supply 107 from a fluid delivery

davice 108, such as a syringe. The interface jeint 106 houses

a needle movement mechanizm that iz cperable by sliding a

C The function of the interfacs joint 106 is to

combrine the inpuits from the generatcr 102, fluid delivery

device 108 and nesdle movement mechanism inte a singls

which extends from the distel end cf ths
The internal configuration of the

is discusszed in more detail below

zhait 112 is insertable through the entire

instrument {working) channel of an endoscope 114.
unit 116 is mountad on e proximal length of

A ntorgue transfer
the shaft 112 between the interface jcint 1056 and endoscupe
£

RES 114, Ths torqgue transfer unit 11€ angages the s
it to b=z rotated within the instrument channel of the
andescope 114,

The flexikle shaft 112 has a distal assembly 118 that is
eat channel of the endoscope

shaped te pass through the instru

3¢ 114 . protrude {e.g. inside the patisnt) at the distal end
of the endascope‘s tube. Ths distal =nd assembly includes an
active tip for delivering RF EM emer~3 and/or microwave EM
energy into biolegieal tissue and a ractable hypedermic
needle for deiivering fluid. These combined technologles

a3 provide & unigue solution for cutting and destroying uawanted
tissue and ths ability to seal blood vessels around the
targeted area. Through use of the retractable hypodermic
needla, the surgeon is aklrle to inject saline and/or hyaluronic

rker dye hetween tisasuves lavers in ordsr to

acid with added ms

40 distend and mark the pesitiocn ¢f a leszion to bs Lreabed. The

injection of fluid in this mannexr lifts and separates ths
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tissue layers making it both =zasier to resect around the
lesion and plane through the submucosal layver, reducing the
risk of bowel wall perforation and unnescessary thermal damaze
muacls laver.

3 As discussed in more detall below, the distal assembly

polymer hull

tisgsue planing type resection

acticn, again helping protact against inadvertent

perforation and ensure viability of the remaining tissue,

10 wihich in turn facilitates more rapid healing and post

cperation TeCovery.
The structure of the distal assembly discussad below may
be particularly designed for use with a conventional stearable

flezible =andoscope having a working channel with an internal

L8 diameters of at st 2.8 mre and a channel lengih of between

60 cm and 170 cm.  As such the majority of the comparatively

<

small diameter {less than 2 mr) instrument is housed
the iuvmen of a much larger and predominantly polymer
ng device, i.e. the flexible endoszcope channel, which

insul
typically has an outer diameter of 1% mm to 13 mm. In

practice, only 15 mn to 25 mm of the distal assembly protrudes

from the distal end of the endosc chaennsil, in order not to

bBlock the field of view ox adversely affect-eamera—F

The protruding part of the distal assembly iz the only portion
of the instrument that ever makes direct contact with the

patient.

I

At ths proximal end of the endeoscope working channel,

i

which is typilcalliy held 50 com to 80 om from the patient, the

flexibis shea emerges from the working channel port and
[on

m to 180 cm to the interface joint 106.

3¢ extends a furthe:
in use, the interface joint 106 is typically held by a gloved
agsistant throughout ithe procedure. The intsrface Jjoint 104

is designed and manufactured from polymer materials in such a
i

]

fude

way as te provide primary and secondarv elsctrical insulatior

»

35 with extendsd creepage and clearance distances. The interfacs

cable 104 is connected to the generatcor 102 using a QMA-type
designed to allow continuous

ccazial intasrface, which

clockwize or counter cliackwise ro icn. This permits the

cae transfer unit

tate with the

interface joint 106 tc »

118 undex the control of the endoscopist The assistant

[N

supports the interface djoint 106 tnroughout the procedure in
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ic instrument

terface joint

2 and 3 show the structure of an interface

128 that is an empodimenit of the invention. The intex

122, which encasss

Goint comprisss a hard plas

2 and 3 one haif of the

saeveral internal compor:nts. In

i shell 122 is removed to show the inside of

shiell 122 is in the shape of a pistcl, i.=z. upper
barrel portion 121 and a iower adicining porticn 123 which
extends away from a proximal end cof the upper barrel poriion
at an obli

the needie movement mechanism, while the lower adjoining

wie The upper barrel porticn 121 contains

,.Q
[
@
£
]
e
l.

¢

portion 123 containsg the connections for the fluid and enexgy
fzeds.
Thae core of the interface Soint 120 is a pair of Y-shaped
conduits 124, 126 which are mated together to define a
ety branched passageway. The Y-shaped conduits mey be made from
poliycarbeonate or other suitable hard plastic, and are shown in
more detail in Figs 163 and 168, A first length 128 of the

branched passageway is mounted in and lies along the upper
barrel porticn 121 of the shell 122. The first length 128

imal end a push rod 13¢ for controlling

receives at its pro
deployment of the retractable nesdle, Ths push rod 130 has a
crooked proximal end 132, which is mountsed, e.g. heat stakad,

3 A

nesdie slider 134, The needle.slider 134 is siidably

e
=

L3

in the upper barrel porticn 131. The needle slide

5
o]
=
o
—
o]
ct
o
%3

=

B30

ciudea & protruding thumb trigger 136 for moving ths

<
1nCl

H
W
Ly

fro, which causes the nesedle te slide in and out

assembly. Ths proximal end of the first length

j¥4)
bt
F.)
0.
fxid
[
ct
[
@
=
o,

o)
ot
q
Q
o
m
ct
Q
}..J

N rh
1

sezled by a gilicons bung 138, which is shown in more

P

o}
o
J
e

in Figs. 15A and 15B.

193]

5 2 second length 140 of the branchsd paszageway is mounted
in and lies aleong the lower adicining portion 123, i.e. at an
oblique angle to the first length 128. The second length 140

connectorn

By

conveys a coaxial cable 142 from a proximal OMA-Typ
144 to the proximal end of the first length 128, where it

49 mesets the push rod 130 and exits the interface joint 120

connector 144 is

thrcugh the distal outliszst 1456, Ths QOMA-Lyvps
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e,

nterface cable from the generator. The

cabie ccated

coaxial cakle 142 may be a Sucoform 047 ¢

in a 30 um laver of Parylene C. The cod 142 may

pass threough a ealing plug 148 at the proximal end

3 of the second ot
A third length 150 of ithe branchsd paszageway lsads off

from the second length 140 %o provide a outward facing fluid

'.T)

receiving port 152. The fluid receiving perxrt 1532 may be a

-

threaded luer lock fitting, for seal with a

ing engageme

iG suitable syvringe or the like. The sealing plug 148 and thes

N

bung 138 cause the branched passagsway to be sealed in a
watertight manner, whereby fluld introduced at the fluid

foint 126

-

receiving pert 152 can only exit ithe interfs
through the distal outlet 144.

i% The distal outlet 146 of the interface Jjoint recsives
therethrough a proximal portion of the flexible shaft 154 that
is dintroduced into the instrument channel of the endoscope.
The filsmible shaft conveys the fiuid, push rod 130 and coaxial
cable 142 as discussed kelow. A proximal end of the flexible

%

shaft 154 1s directly bondad inte the branched passageway so

that there is some coverlap along the uppsr barrel portion 121,
¢ £

P

g. of

This bonded junction is 2 coveriong 136

silicone rubber) which stretched glove and is

bended in place. The cox operates as a strain rel

roy

element, and also doubles as an end of shaft fiexible bhend

restrictor.

Lo W ey

The primary uszry of the intesrface Joint 120 mav be the

endoscopist’s assistant. In use, Lhe operator typic
strument to the endoscopist for

~ ~ F $ 2 -
offers the distal tip of

A0 inserition down the working channel of the flexikle endascope,
makes the electrical connection between interface joint 12
and the interface cable {(which is comnnected tec the gsneratorn)
and then supports the interface joint 120 itself throughout

the procedurs. During the procedure the operator can inject

D

I\

s attached to the fiuid receiving port 152 and operat

35 the distension/marker flulds as required via 5 to 20 ml
nge
the needle siider 134 as instructed by the endoscoplist,
The flexible shaft 154 comprises an cuter canncla tube
that contains the coaxial cable 142, push rod 130 and fluid.
40 The specific internal structure of the flexikle shaft iz

discussed below with reference to Fig. 10. The distal



WO 2015/101787 PCT/GB2014/053857

22

cannula tube in a
the tube is passsd to the distal
iy, fo permit rotatable manipulaticn of

rgue hransfer unit is mounted on ths

ier to facilitate votation therxeotf.

53

show a torgue transfer unit 158 that is

P

an embodiment of the invention. Essentially the torgue
transfer unit 158 is an elongate clamp that imparts a gripping
force aleng a length of the fiexible shafit. By gripping a

i0 length of the shaft, the btorgue transfer unit can apply a

o the

Lower mazimum pressure, and therefors pravent

flexible shaft and 1ts contents.
As shown in Fig, 44, the torque transfer undt 158

P

comprises an upper elongate housing member 180 and a2 lowex

15 giongate housing member 162, which are hinged together about a

pivot rod 164 at a distal end thersof. The upper elongate
housing maner 160 and the lower slongate housing member 162
each carry a U-shapsd clamping mewmber therein 166. The

clamping members 166 oppaoss cne another, whereby pivoting the

upper elongate housing membex 150 and the lower elo

housing member 162 relative to each other alters the

hetween the clamping members 166. A deformable tube 162 iz

y the clamping members 166, The deformable tube

mounted betwe:
168 is threaded on to the flexible shafi, which passes though

25 holes 179 in thes distal and proximel faces of the torqgue

transfer unit 155. In use, the upper slongate housing member
160 and the lower elongate housing membsasr 162 are pivotable

hetween a release position in which the torgue transfer unit
can be s3lid up and down the fiezible shaft, and a clamping

30 in which the de tube 168 is squashed batween
the clamping members to impart a gripping forece on the
flexible shaft. The upper elongate housing member 160 and the
lower elongate housing membsr 162 can be retainsd in the
clamping position by a relsasable clip 17 The distal end of

33 the torgue transfer unit 158 has a series of circumfersntial

indentations designed to bz gripp=sd by the thumb and
orefinger of the operator., to facilitate roiation.

Fig. % i35 a p rspective view of an interface joint 180 in
conjunction with a torgue transfer unit 158 that is another

embodiment of the invention. The teorque transfer unit 188 is

o~
[}
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D

the same as that discussed above with reference to Figs. 4A

a
and 48 and is not discussed again.
The interface joint 180 in this smbodiment comprises a
sompact barrel-like body 182, which facilitates rotation by
G the endoscopist’s assistant. In particular, the interface
cabkle 104
e.g. via a snap-ii

iz connectad in nment with

rotary ccaxial connector.

includes a nested barrel 134 for receiving a2 syrings 188 to
r

deliver fiuid. The nested barrel inciuvde a viewlng

window i8¢ to show how much £luid remains.

foa
[

In this embodiment, a needle slider contrel 190 is
mounted towards the nose of the body 180 for thumb control
whilst the body 182 is supported in ths paim of the hand. The

fr

slidzsx 130 may have ee raeciprocal movemsnt as in the

.

15 embodiment shown in Figs. 2 and 3. A latch mechanism {(not

provided to lock and park the slider in the

<
X

shown) mav be

fully retracted needle posi Alterpatively the slidsr may
have a spring—-lcaded action which biases the mechanism into
ths retractesd state. With the sprung loaded option the usex

2G {asziatant) would nzed to hceld the siider forward against the
spring whilst injecting the fluid.

Fig. 6 is a perspsctive view of a combined interface

joint and torgue transfer unit 122 that is another smbodiment

of the invention. ALl functions of the saparate Lorgue

transfer unit and interface Joints discussed akove are

provided hers within a single moulded assembly. However, the

combined unit is nct able to siide along the flexible shaft in

use, which m=zans that the instrument length should ke closely
matched Lo the endecscope working channel length, However, an
30 advantage of thiz arrasngement iz that there is more.microwave
power available at the active Lip in the distal aszembly
ecause a shorter instrument length weans less power is lost,
The combined unit 192 comprisss a walsted barrel 1%4 with
a faceted distal end 196 to facilitate easy finger and thumb

tary contrel., A nesdie slider 193 is mounted towards the

3

re
Iback of the barrel 194 due to the natural hoid and suppoxrt
position by the endoscopist during these procedures.

As an alternative to the nesdie slider 198, a hinged

roecker type control could e uzed for eass of thumb

40 control. With this dasign needls ider {or rocker) la

forward and back would be reguirsd or latch back and spruag
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forward control fo enable one handed cperation and fluld

injection by the endescopist, i.2. o give ths endoscopist the

freedom to use their second hand to held or manipulate the

endoscope.
Fig, 7 is a perspective view of a combirsd interface

nn

joint and torgue transfer unit 280 that is ancther embodiment
of the invsonticn, The combined unit 2006 is similar to the
device shown in Fig. 6 except for a remote syringe fluid

inijection coupling 20i. The combined unit 200 comprises a

siim barrel-like body 20Z with a facetzd distal end 204 and a2
. discuzsed abowve. The body

m

needle slider 208 which functica a

3

deces not also need

¥
O]
s
el

X}

202 has a slim, compact design hkecauw

»

to house a svringe. Instead, Tthe body 202 is connecisd to a

fluid receiving port 202 via a fluid feed lins 210. This
arrangement may permit the device to be used with largerx
syringes of unrestricted barrel diameter. The body in this
arrangement may alsc be more lightweight than that shown in
Fig. £. In this embodimsoit the distal end 204 of the body 202
includes a recessed flat face 212, which allows abutted
location against the endoscope port cap for added stakility.
As with this device shown in Fig. &, this sclution {as shown)
racﬁires the instrument length to- be closely matched to the

thirxd party endoscops working channel length, and thereby

for mors microwave power avallability at

cffers the poten

the instrument

It may be p ibple to bulld in short axial adjusiment of
up to 100 mm within the combined barrel-shaped units shown in

Figs. & and 7. This may enable the endoscopist Lo fine tune

]

0
in
ot
o3

the ianstrumsot length to his/her flexikble endescops of choice.
T
product variants reguired to cover the range of present day

g added functicnality cculd alsc minimise the number of

third party endoscopes.

Figs. 15A, 138, 15A and 168 show further details of some
of the in

texnal components of the interface doint.
158 and 15B are raspectively psrspeciivs and cross-

of the bung 138 that seals The proximal end of

&
t length ¢of the branched passageway. The bung

comprisss a rotary luer lock fitting 24¢ and a integral
sealing diaphragm 248, e.g. made of resiliently defcrmable

rubber.
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Figs. 163 and 16B show the Y-shaped conduits 250 from

1’))

which the branched passageway is formed. Each Y-shaped

-

3

N

condult has a main linear channel bebtween a first iniet 25

and an outliet 254, and a second channel =zt an ckligue angls o

the main linear channel, the sscond channsl having a second

inlet 256 and joining the main linear channel about nalfway
length. Each of the first inlet Z52 and the second

o] 3
inlet 256 has a rotary luer lock fitting 258.

Distal assembl¥ con yration

Pigs. 8, 9A and 2B zhow details of a distal assembly 214

comprising an active tip that iz an smbodiment of the

nts

a
inventicon. Fig. B shows an exploded view of the compon:
that form the distal assembly 214. The distal assembiy 214 1is

movnted at the distal end of the outer caunnula htubke 218 of the

fisxible shaft 154 that is discuszed above. In order to

provide a torgue trans function, the

cannula tube 216 1s formsd cf a3 braided tube,

n
ity of the outer
e.g. comprising

braided wire {e.g. stainless steel) wrap mounted bstween a

QO

radizlly inner polymer layer and a radially oubter polymer
layer. However, to avoid the braid material from ivnterfering
with the deliver of RF and/or microwave freguency EM energy to
the outer cannula

the distal asssmbly, a portion 218 of
&

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

The distal portion 218 cof the outsr cannula layer

fits on to a corresponding
t 222. The protective hull iz formed from polyethsr e

X

ketcone {(PEEK} c¢r any other suitable engineering plas
iz zhaped to perform & number of functions, i.e.

~ mount the distal assembly on the flexible shaft,

provide a proteciive 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 222 that perform thess
functions are discussed in move detail below with reference to
Figsa. 143 and 14B.
The distal assembly 214 includes an active tip 224, which

iz a planar plece of dieleciric material (e.qg. having

vid) on itz uwpper

conductive layers
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surfaces. The distal end of the active tip 284 is curvad.
The conductive layers are electrically connected to the innerx
and cuter conductors of the coazial cable 142 that is conveyed

vle shaft 216. At the disztal end of the coaxial

by the

5 cable 14Z, its cuter shesath is removed to expose a length of

r coaducter 226. The inner conductor 228 of the

the ou
ceaxial cable extends bayend the distal end of the outs
conductor 286,  The coaxial cable 142 and thes active tip 224

are mounted relative to cne another so that the protruding

w

i part of the inner conductor 228 lies on a first conduciive

layer of the active tip, while the cutexr conductor 226 iz

brovght intso electrical connection with a second conductive

a conductive adaptor element 230. The first

conductive layer is isclated from the outer conductor 226 and

the szcond conductive layer iz isclated from the innper

conductor 228. Further details cf the configuraticn of the
active tip are discussed below th reference Lo Figs. 11A to
1ic.

When assembled, as shown in Figs. 22 and 3B, the activs

tip 224 and coaxial cable 142 are bonded to each other and to

the hull 222 by the application of spoxy adhssive over the
portion of the inner conductor 228 that projects from the
cuter conducteor. This epoxy adhesive alsc sarvez to form an
end piug for the outer cannula ftube, i.e. a fiuild tight =zeal

that means the only exit for fiuid introduced at the interface

z5

joint is through the nsedle.

The hull 222 inciudes a recess for retaining a needle
guide tube 232, =.u. made of polyimide. In use the distal
assembly 214 makes an intimate coatact with the patient.

30 needle £34 can bsa extemdeﬂ ireyond the tal end of the

224 and retracted to a po»ltlun back inside thes guide

232 via control of the rechanism on the interface

joint. In its extanded position, the neasdle is used by ths
cendoscopizt to inject fluid for the purpose of

25 distending and marking tissue. The conductive

active tip 224 form bi-polar electrodes for d

-

and/or microwave frequency enerygy.

The n=zedls guide 232 extends ba nside and prozimal to
the distal assembly to provide extaspded creepage clearance to
40 epsure RE/microwave activabtion only occurs across the distal

ip region of the active tip Z24.
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Similarly it can be seen that the conductive laver 236 is

receszssed back in behind the distal tip region of the active

sexr and lowsr faces to

tip 224, This is dene on beth ug

increase the tracking/creepags distance at the proximal snd of

£

5 the active tip, further ensuring that RF/microwave energy is

0

focused towards the distal end and intenticnal active slsment

croess section of the flexibls

may run for £.3 m {or 2.0 m),

I3
{
s
~
<
7
Is

O i.e. the entire langth natrument connecting thsa

ir
assembly. During use the

intarface joint to

f;

sits within the working channel

majority cf this sh

a
of the flexibls sndo The £ilsmik shaft 154 comprises
the outer cannula tube 216 {i.e. ths bhraided tube discussed

sotrical

) above), which forms a id tight cannula

barrier beitwesen user/patient, and the coaxial Sucofocrm cable

Lay cannula

lo!
142 which in itself is further insulated.
~lumen PTFE extruded tube 238 which

[
v
£

tube 216 alsc house 3
provides a low friction pathway for ths push rod 130 and

20 stability/support to the construction whiist ensuring a fiuid
pathway is maintained along the full length of the canncia at
all times. '

Through the length of the flexible shaft 154, the coamial
cable 142 {e.g. Sucoform (47 cable} forms cone lumen of a
25 compasite construction with the braided and double insulated

ta tube 216 forming the flexible protective

outary can

instrument shaft. To manage tha

potential thermal risk posed
in use activation controels wmay bz imposed on the use of
microwave energy by the generator. For szample, in the firs

application instance activation may be limited o 20 s

[y
<

TWE T

{contingous output), and thereafter the average ps

7 &

¥ may be

incidence on. the proximal end of the distal asgsembd
limited te 4 W. This control may be imposed indepsndently of
the endosceopist, e.g¢. via the generator software. With this

control in placs a temperature of 40°C has been observed aftex

20 s continuous activation on the poliymer surface of the

instrument shaft immediately distal of the intsrface Joint.

Bfter 20 3 the temperaturs then falls as further continucus

hist iz
. Full ZC s
{12 x 20 s} has elapsed.

microwave activation by the Endo

r)
-.'1
')D O
3
-

M

40 interrupted by the generator softw

<
=
(.,
[s
-
™Y
LN
2
(o1

capacity wmay bsa
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in practice, it may not be necessary to activate ths

cocagulation function for longer than 10 s duse te concerns over
ion at the tip resulting in potential full wal

thickness iniury o ths bowel wall.

el Figs. 11A, 1iB and 1iC illustrate the dimensions of one
ezemple of an active tip 224 that can be used in embodiments

of the inventicn. Ths coverall isngth of the active tip is

10.6 mm, with a maximum width of 2 mm and a heilght c¢f 0.5 mm.
The layer of metallisation on the active tip has a thickness

C.803 mm. The curved distal end is manufactured as a

of radiused sections of decreasing length and radius

plura
towards the distal tip. In this embodinent there are five
different radiussd section, but more could be used. Tha
length of each section and its corrssponding radius of

1§

15 curvature

Table 1l: Curvature at distal end of active tip

20 As menticned above, the conductive lavers c¢n boith surface

>

ars set back from the edges of the dielectric substrate by a

distance cf 0.2 mm along the proximal 4 mm of the tip. And o

ensure that the top conductive layer is iselated from the
outsr. conductor of the coanial cable, the top conductive laver

is set back from the proximal edge of the dieleciric subsitrate

~

by a distance of 0.6

Figs. 122 and 123

130 to the needls Z34.

the push rod 130 at a proximal

a0 the needle 234 at a distal end therecf. & set of holes in the

~ & <.

rule 240 1is connected to

sof and is connecied to

¥

ocuter surface of the nesdie ferrule 240 permits ingress of

:qilols shaft for delivery out of the

fluid from ths
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34. As shown in FPig. 12B, the push rod 130 acts as a stopper

P

in the proximal end of the ferrule 240, thereby preventing
fluid from escaping 1n the wrong direction.

}_',’.‘ o } 2

VI B

ustrates schematically the flow path for the
fluid.
injected fiuid that has passed down the flewible shaft 154

mediately proximal of the distal assembly the

from the syringe is forced through four small radial holes 242
central to the needis ferrule 240 and thence into the

needle 234
192 Figs, 144 and 14B show ths shaps of ths protec
end cf the

for injection intec the patient.

Ve
s

e

9(4
G
joR
I

£

=
o
j.
o
{d

222, As shown more clearly inm Fig. 98, the dist
hull is shaped to psrmit the active tip to overhang it bw
& N X

arcund 0.8 mm around the distal edge except at the distal ©

surface that contacis the underside of the active tip

~

18 therefore has a maximwe width of 2 mm, which narrows to 1.6 mm

-

in an intermediate porti

n 223 pbefore tapering to its distal

.1

bLip in a distal portion 225. 7The distal tip may be a single

H

radiused curve, e.¢g. having a radius of 0.2 mm.
Meanwhile the prowimal end of the hull Qefines an sbliong

recess for receiving the proximal end of the active tip. The

x
2

fe

obicong recess is bordered by a pair of wings 244 on each side,
which act to retain and align the active tip as well as define
a volume for receiving ths adhesive that covers the exposed
inner conductor of the coaxial cable.

Fig. 17A shows various stages in the assambly of a

distal end portican 300 for an electrosurgical instruwment that

is another embodiment of the invention. The leftmost viaw in

-3

A shows an innsr tube 302 made of z conductive

material. This inner tule 30Z represents the inner conductor

30 of the coaxial feed discussed above. The second view from
tube 304, which first cver the

ieft in Fig. 17A shows an
inner tube 302. The cuter tube 304 may bz formed as a tube of
insulating dielectric material having a conductive coating on
its outer surface. The conductive coating acts as the cuter
38 conductor of the coaxial feed.
At the distal end of the ocuter tube, a portion cf the
&

U)

Py P > PR s
condctive coating is siched away to SRDO
Wiedlectric material. An island 308 of conductive coatir
left on the top surface of the suter tube at its distal end.

1

The island

the rest
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306 of dislectric material. A teongue (nct shown)
conductive ceoalting is formed on the bottom surface of the
outer tube at its distal snd with a similar shape and size to
the island 308. Howevsr, the tongue remains in elsctrical

a contact with the rest of the conductive c¢oating, i.2. it 1s an

extension of tha culer conductor.

A hole 31C {e.g. having a diamsitsr of 1 mm) is formed in

the island 3208 through the nductive coating and insulating

O
O
o

dielectric material, thereby exposing the inner tube 302,
en filled with a conductive meterial (e.g. epo
i1y connect the innsr tube

wl the distal end cf the outer

hole is 1

zilver) in crder

with the island

tuba has twe cppo contacts on its cuber surface,

A first contact (the and 308) is in electrical conneguicn

15 with the inner tube 302 {i.s. inner conductor) and a second
contact {(the tongue) 1s in electrical connection with the
conductive coating of the cuter tube 384 {(i.e. oubtsr
ceanductor: .

The third view from left in Fig. 17 stage

240 in assambly, where an instrument tip 312 the

distal end of the outer tubs 304. The in

comprises a planar pisce 314 of rigid dielectri
ceramic, such as alumina. The culbd
tabs 218, which can recelive and retain the planar plece 314,

. a8 an interference f£it or using suitable adhesive.

s
o

The side edgss of the planar piece 314 tapesr in & quasi-

parabolic manner towards the distal end thereof.

upper and lower surfaces have conductive lavers,
zd therecn. The upper layer 318

or silver netalli

forr

wl
P
=
o
ot
<
ot
{
¥
(&
i
{
-t
3
bt
f
Q

Fig, 173 shows the final stage of
s 4

in wnich the first and second contacts are
sapectively to the upper and lowsr

i\
[9]
l+
[
t
9]
(’:)
},.,4
=

]

9]

[
=
fast
[~
(I
[}
o
)
[
li
fd
0

rs on the instrument tip 312 using a piece of
Fig. 17B shows an end view of the distal end portion 340
after assembly. Here it can be segen that the lower piscs of

conductive foill 323 has a hole 322 formed therein through

which the retractable nesdle discussed above can pass.
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CLAIMS

1. An electrosurgical instrument for applying to
biological tissue radiofrequency (RF) electromagnetic (EM)
energy 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 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 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 the 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 the 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 beyond 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 according to claim 1

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

third of planar body.

AMENDED SHEET
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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. An electrosurgical instrument according to claim 5,
wherein the tapering distal 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

is 9 mm or less.

9. An electrosurgical instrument according to claim 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. An electrosurgical instrument according 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 electrosu.y.cal 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 electrosurgical instrument according to any
preceding claim, wherein the protective hull and first

dielectric material are formed in one piece.

16. An electrosurgical 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 electrosurgical 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 sleeve, the fluid delivery mechanism being
operable to deliver fluid from the lumen through the
protective hull.

20. An electrosurgical instrument according to claim 19,
wherein the undersurface of the protective hull has a
longitudinally extending recessed channel formed therein, and
wherein the fluid delivery mechanism includes an insulating
needle guide tube mounted within and extends proximally from

AMENDED SHEET
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the recess channel, and a retractable needle slidably mounted

in the needle guide tube.

21. An electrosurgical instrument according to claim 19,
wherein the undersurface of the protective hull has a tubular
protrusion integrally formed therein, the tip of the

protrusion having an outlet for ejecting a fluid.
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