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ARATUS FOR DELIVERING RE AND/OR MICROWAVE

ENERGY INTQ BIQLOGICAL TISSURE

TECHINTCAT, FIELD

The invention relates to an electrosurgical apparatus and

radiofregquency and/or microwave

device for ivering

T

arogy into kiclogical tisasue. In particular, the

fTreguency

Lon ralates to an electrosurgical instrument capable of

10 delivering radiof wy (REFY energy for cutting

and/or microwave frequency shargy for hasmesiasis

promoting biooed coagulation). The inventlon m

particularly sultable in gastrointestinal (6L} sdures

associated with the lowsr and ugper GI trach, e.g. bto remcve

S

5 polyps on the bowsl, i.e. for sndoscoplc macosal resection, on

endoscolls aubmucozal dissection. The invention may also land
iteself to cther procedurs, e.g. in general surgery o
laparcscoplc surgery. The laovention may find use in sar,

. The device may

es and liver

nose and throat procedur

also be used to address procedures associatad with the

pancreas, =.9. Lo resech 0y remove tumours ox abrnormalities in

close proximity to the portal vein or the pancreatic duct.

BACKGROUND TO THE INVENTIOW

A5
Surgical resecticon is 2 maans of ramoving secticnz of
organs frowm within the human or animal ody. Such crgans may
pe nighly vascular. When tissue is cub {(divided or
transected) small blood vessels called arterioles are danaged
S cr ruptured. Initisl bigeding is followed by a coagulation

surned into & clob in an attempt to

cascade where the blood
plug the bleeding point. During an cperabion, it is desirable
for a patient to lose as little blood as possible, so various
devices have bheen developed 1n an attempt to provide bleood

1 e

free cutting., for andoscopic procsdures, bieeds sre also

undesirable, and need to be dealt with in an expedisnt manner,
100, which

since the blood may obscure the operator’s visi

may prolong scrgery and potentially lead to the procedure

S

ated and another msthod used instead,

D
<

O
<

Lo be tern

1
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EBlectrosurgical gensrators are prevalent in hospital

cperating theatres, often for use in open and laparoscopic

and increasiocgly for use in endosoopy sultes. In

endoacoplc procedures Tl electrosurgical accessory is

4 yelcally ingerted through a lumen inside an endoscops.

Considered against the eguivalent access channel fow
Laparoscopic surgary, such a lueen is comparatively narrow in

bore and greater in length.
Instead of a sharp blade, it iz known to usea
i\.

w. 1

‘he

et
<>

radiofreguency {RF} energy to cut bilological tissue.

hod of cutting using RE @nsrgy operatss using the principis

i

that as an electric current passss through a tissue matrix

s

(aided by the lonic contents of the cells and the

intercellular electrolyvies), the laopedancs to the flow of

15 elactrons across the tissue g= rates heat. In practice, an

instrument is arranged o oappliy an RY veltage across the

\D

fissue matrix that is fficient to generate heat within the
cells to vaporise the water content of the tissus. Howevar,

as & result of this increasing desiccation, particularly

4

IR aY
AU AT

jacenh to the RF snitting region of the instrument (which

est currvant density of the current path through

irect physical contact bstween the tissue and

can be lost. The applied woltage then manifests

a voltage drop across this small vold, which causes

in the wvoid that leads to a plasma., Plasma haz a
vaery high volume resistivity compared with tissue. The energy

o pplasma, L.,

supplised toe the instrument maintains

complaetes the siechtrical circult betwesn the instrument and
the tissue. Volatile material entering the plasma can be
36 vaporised and the perception is therafcre of a tizsue
dissecting pilasma.
GR 2 472 972 describes an electresurgical instrument in
the form of a spatula comprising a planar transmisszion line

o

formed from a sheet of a first dielectric materi

al having

35 first and second conductive layers on opposite surfaces

-
5

therenf, ths plapnar tranamission line being connected to a

that is deliver either microwave or

coaxizl

RF ensrgy to the planar transmission line, the coaxisl cable

comprising an inner conductor, an cuber coonducter coaxial with

10 the inneyr conductor, and a second dielectr

sapa and inner conductors, the laner and ocuter
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conductors extending beyond the second dielectric at a

connectionn interxrface to overlap opposite surfaces of the

franamissiocn lios and electrically contact first

conductive and sacond conductive layvsr respectively.

The first aver is spaced from the end of the

transimizsicon Line that abuts the coaxial cable to electrically

the outer conductor from the firvst conductive 1 LY

and alsc the distance of the gep 1s ilnvolved with matching the

impedance of the energy delivered from the microwave sourace

with the impsdance of the bioclogical fissue, and the width of

et

- 3 alao selected o

the first and second conductive layers

impedancs wateh batween the Lranamission line

help «

and the coaxial

The spatula configuration set foxth in GB 2 472 972

provides desirable insertion loss between the co-axilal
tine and

desirabls return loss propsriies for the edges of the spatula

end radiating section, whilst also providing

when in contact with air and bicological tissue respsctively.

the insertion loss aleong the structure may bse

freguency of Jinterest, and the return
loss less than {(more negative than) -1 dB, preferably less
e

rtiez may also indicate & wall

~-10 dB. These prop
matoched junction between the coaxial cable and the

¢, whereby mi

transmisaion line spatula struch:

ITOWAYE power

iz launched efficiently into the larly, whan the

adges of the apatula are exposed

that 1s not ¢f interest, the

very iittle power

tissue), whereas when in contact with

tizsue the return loads may ke less than (more

preferably iess than —10
majority of power in the spatula is trapnsferred te the

instrument discussed in GB 2 472 972 is intended to
radiate microwave energy from ths edges of the planarw

o g

ablation or

transmission line to cauvse localise
coagulation.

GB 2 AF2 972 also disclezes thalt the spatula discussed

above may have an RF cuthliog porticn integrated thers
The RF culting portion mav be formed by using the first and

second conductive lavers mentloned above a3 active and return
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o T

electrodes for BF energy. Thiz asrrangemant may takes advantage

-

n

of the fact that the active and return electrodss

proximibty to one ancther, thus ssiting up a preferential

return path to enable local tissue cutting acticn to take

place witt for a remcte return pad or a highly

Qductive licquid, i.e. saline, existing between the two

electrodes.

In this exampls, the RF cutting portion may cwn@rise a RF

ed to the planer tranamission line, a

Plfﬁqe SouYce Coup

frequency diplexsr/duplexer unit {or signal adder} comprising

a low pasz filter to prevent fthe high frequency microwave

N

gy from going back into the lower fregquency R ensugy

anasy
apures and a high pass filter to prevent the lower freguency
kF energy from golng back into the higher fresquency microwave

 the fregquancy

anergy scurce, In one
dix

anergy sources to be combioned at the genemator and

wed bo sonable ths microwave and BF

exer/dupls

er may be

iivered

along a singie channel, e.g. co-axial cabla, wavegulds
aszemply or twisted pair, to the spatula structure. The RF

cutting ensrgy may be delivered alone into the tissue or it

may ke mixed or added with the microwave energy and delivered

simultansously to set up & blendsd mode of cperation.

SUMMARY QF THE INVENTICN

e present invention develops further the spatula

discussed in GB 2 472 372 and the manner with which 1t

interfaces with a gensrator that provides RY and/or microwave
energy fTor trzatment.

in a first aaspeci, the inven

.on provides an further
optivnised configuration for the distal end of an

eszcticn of bhilological

electrosurgical tool for contr
tissue
In & zecond aspect, the invention provides an interiface

ioint for integrating intoe a single cable assembly all of (1)

a fluid (i1} a needle movement mechanism, and {1il} an

energy te.qg. a cakle supplilying RE and/or microwave

anergy). The cabisz aszewmbly may be sized to fit through the

instrument convanticnal sndeacope.

In a third aspson, the invention provides & Lorgue

transfer device for permitting controiled rotation cf the
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cable asgembly within the instrument chapnel of the endoscopsz.

The intsrface doilnt and torgus transfer devi

integrs A& a single component.

According to the firat aspect of the invention, there is
=3 provided an electrosurglcal instrumsnt for applying to

stic (EM)

gy, The instiument

sotromagn

1 issue radicfrequency (REF} =

biologics

energy and/or microwave freguency EY

comprizing: an instrument Tip comprising a planar body mads of

a first dielectric material separating a flrst conductive

pent on a first surface thereof from a second oconduchtive

element on a second surface thersof, the zecond surface facing

in the opposite direction to the first surfsce; a coaxia

cable compriszing an innsr coaductcr, an cuter conductor

coaxial with the innsry conductor and a zecond dislectr

material separvating the inney and cuter conductors, ths

coazxial feed cable baing for conveying an RY signal and/cr &

nd a protegtive hull comprising a tThizd

o

microwave signal;
plece of dielectric material mounted to cover the underside of
the planar body, wherein the inner conducteor is electrically

Y

ive element and the outer

roat oonduc

20 connected Lo
conductor iz electrically connected to the second conductive

e

element to enable the instrument tip to raecelve ths RFE signal

and/or the microwave signal, wherein the protective hull has a

smocthly contoured conver undersurface facing away from

planar body, whereln the planar body has a tapering distal
edgs, and wherein the undsrside of the planar body extends

heyond ths protectiwe hull at the tapering distal edge. This

atures rs= nts an optimal configurs

combrination of

that balances the acouracy of hreatment at the

30 {which 1s enhanced dus the extension of tha

with the easze of safe manipula

over the protective
of the instrument (due to the protective hull itself).

The portion of the underside of the plarar body that
exiends beyond the protective hull at the tapering distal edge

reed bthe extensicon zone. Ths esxtension zone may be

Sy may be
edge .

uniform around the psrimeter of the tag
in width

Alternat ths axtension itea

E94 badyn inyg may

towards

be between a minimum value at the distal tip and a maximum

49 value at the proximal end of the tapering distal adge. Thars
at the distal tip, i.s&. the protective

may e rersc
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hull may be contiguous (i.s. flush) with the planar body at

that pcint. The sxtension zons may be sized to provide a

heneficial impact on The enerygy fields emitted by the device,
but: without adversely impacting the funchion of the protectiws

i null.

The magnitude of ths exbtension zone may e,

the distal

oL The

¢.g, in proporition to, the geonetry
planar body may have any dimensions suitable for use in a

particular procsdurs., For example, for endoscopic procedures,

¢ the instrument may have an overall outsyr Jdiameter of 2.2 mm oz

less, preferably 1.2 wm or lssz. The width of the planar body

may thus be 2 v of less. However, other procedures may be

less restrid wherehy ths width of the planar body may be
o

up to 2 mm., The widhh of the extension zone, 1.e. the

distance by with the tapering disgstal =sdge extends bkeyond the

(P14

.

protective hull in o dirsctlieon normal toe the edge of the
protective hull may be 0.2w or less, preferakbly O.lw or lesas,

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

maximun dimenzicn of the planar bedy in the directisn of the
2 diameter of the lumen or catheter through which it is iazerted

in use. Thus, for a planar body having a widih of Z mm, the
extension zone may have a maximun width of 0.2 mm.
In uvze, the first and second conduchive slements may be

to provide a local return path for RF energy, i.e. a

25 low impedance route for BEF energy to be transported bhelwesn

the first and second conductive The first and

second conductive elements may be lavers of metalliisation

Formed on opposite surfaces of the firast dielectric mate:

The figst and second cond ive elsments may be arranged to

30 set up a local electric fie at a wontact region in which the
instrument tip makes contact with the bioclogical tissues. The
local electric field can be extremely high, which may cause a
microplasma {i.e, 3 hot thermsl plaswma) to be formed at the

diatal side portion of bthe plapnar boedy, =2.g. where contact is

(o)

& vade with the Riological tissus. The microplasma may be
dezlrable in Lerms of achieving efficient cutiing.

Meanwhile, for a miorowave signal, the ingtruwent tip may
I the

Lng Two

be modelled as & parailiel plete transmission

tine Wit

planar body repressenting dielectric material separa

40 concuctive plates.  The radiation pattern of the microwave
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freguency EM energy in this caese depends on the owverall shape

n this

e

of the planaxr body and the microwave feed structure.

particulay instance, the gap at the proximal =od bhetwesn the

co—axial feed line (centre conductor) and the upper conductive

an important role in ensuring that the microwava

e
=
)
et
@
=
C
‘,..)
Lt
w

the source is matched in terms of lmpedance with

the load impedance presented by the tissue,. The overall length

of the planar transmission iine arrangement i1s algo imporiant

in terms ¢f matching the lmpedance (or the energy delivery) of

i0 (or from) the coaxial transmission line with {or intce) the

biological tissue, l.e. the struchurs may form a gquarter wave

=

impsdance trangformer or a half

wavsiaogbhl resonator. Using
known simulation tools, this may be nodelled to coatrol from

which edges the microwave frequency EM enevgy is r

a
5 Por exemple, the instrunent tip may be configured to inhibit
radiation ¢f the microwave EM radiation from & distal edge of
the planar hody.

The tapering distal edge may have any suitable profile,

@.qg. optalned by ceonmputer modelling the device in particular

<

use configurations. The tape. ing distal edge may bs curved or
straight or a8 combination of the two. For example, the

tapsring distal edge may comprise a straight taper terminated

in a curvad distal tip, e.g. a single radius curved distal

tip. The tapering distal edge may extends around a dists

-

25 third of planar body. In cne embodiment, the curved distal

edge may have a curvature formed from a plurality of

contiguous radiused ssotions, sach radiused section havis

ln‘

radius of curvaturs less than its prozimal neighbour. here

may be three of more section of different radii. The

o

2 pluraliity of cootiguous radivsed sections may be arrvanged o

give the curvad distal edgs a guasi parabolic shape.

Ag mentionzd above, Lhe width of the planav body may bs

dictated by the intended use for the instrument. In

sndoscoplc procedures, the width may o= 2 mn or less, whersas
1€

35 for other less restrictive precedurss the width may be up to 2

mr, e.g. any of 8 wm or lass, 7 mm ov less, & mm oY

or less, 4 mm or less or 3 mmw o less.

The length of the planar body (including ths tapering

cgistal end} may ke relsted to, &.¢. in proportion with, its

wicdth in order to deliver the RF and/or microwave frequency

-

energy wost efficiently. The length of the planar body may
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Thus he about 5w, e.g. between dw and 6w, preferably 5.3w
where w is the maximum width of the planar body.
In ong smbodiment, the planar body has 3 maximum width of

i and a mazimum length of 10,6 mm. In this swmbodiment, the

3 vapering distal edge may comprise a plurality of contiguous

radiuvsed sachions consisting of a first radiused
having 2 length of 1.9 mm and a2 radiuz of curvature of 12.4

mm, & seoond radiusad saction having a length of 1.0 mm and a

radiug of curvature of 10.8 mm, a third
1.0 having a length of .7 mm and a radius of curvature of 3.2 ma
pary < rd

a fourth radiused section having a length of $.2 mm and a

“th radiusad sechtion

radivs of curvature of 0.%5 wmm, and a £3
haeving a length of #.1 mm and a radivs of curvature of (.35
o,

A The first and secoand conductive elements may each

comprise a laver of wmetallisation, the layers of metallisar
heing formed on cpposits surfaces of the first dielectric
material. The layers of metallisation may be sat back (2.49.
by 0.2 mn} from the side edges of the first dielectric

28 material in & proximal rsgion of ths planar body, to raduce

the field strength at region. The proximal region may

comprise the region of ihe planar body proximal toc the curved

distal end. This may help concentzate the =n

the distal end. The inner conductor and outsr conductor may

second conductive elements in a ccaxial

contact the
manner, i.e. the first and sscond conductive elements may be
shaped to be symmetric about an azis running along the planar
body freom the coaxlal feed cable.

ey

e undersurface of the protasctive hull may smoothly

meet ths

perimeter underside of the planar

30 taper at

h

mody,. The thickness of

towards the distal end of the instrument tip. Thus

portion of the protective hull may have a convex puo
undersurface may have a longltudinally extending recessad

channel formed therein. The tapering edge profile and

recesasd channel may oause the undersurface of the protzctive

tall to comprise a pair of ridgss, The tapered conformal

0

flowix form of the hull wmay rsduce the risk of the instrument

digging irntce collateral aicding 1ts ability to glide.

40 For example, this shape may reduce the risk of the instrument
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digging into the bowel wall and causing a bowel perforaticn or

may protect the portal wein or pancreatic duct from being

damaged. The particul

onz of the hull {e.g. iength,

width, thickness, etc.) may bs adapted to sulbt the intended

5 use and intended arsa of the body Lo be operated on.

The protective hulil may bz formed frowm a8 blocouwpatible

non-conductive material, such as polyether =

{PEBK}, ceramic (g.g. alumina, zirconla or =

conla toughened

alumina {ZTRAY) or biocompatible plastic that dees not stick to

L (@)

the wall of the bowel [or other biological tissue) or the

1iks Alternatively, the hull may alse be formed from a
£ b

al, w.g. tltaniwe; stesl, or wmay be a multi-

G It may be attached (=.g. beoaded) to

7]

-hever one of the first or zecond conduetive & nents is on

the underzide of the first dieleciric material, However, in

ong enbodiment, the profective hull may bs formed of the same

matern] as the f{irst dielectric material. The protective

hull and first dislectric material way he formed in one plece
as a unitary kody. In this srrangement one or mere planar

)

to allow a

20 slots may be formad (s.g. cut} in

unitary body

conductive material to be inssrited toe form the first and/or

second conductive material. The conductive material may be
inserted by coating one or more internal surfaceszs of the slot.

Aliternatively or additionally, the protective hull may be

selectively matallised Lo form part of the first or second
conductive elements.

The instrumsnt may incliude & fluid fesd condult for

deiivering strument tip., The

£iuid faed

comprise a3 passageway through the

30 protective hull for delivering fluid te the treatment

The passageway may include an out

et located in the re

channs) of the protective hull. 7The ccaxlal fesed cabls
form part of a multi-lumen conduit assembly for deliveriang RF
and/or microwave fregquency ensrgy and fluid {(liguld or gas) Lo

3F the instrument., The fiuld (protective hulll mav be conveyed
X

AT

throg 4 ccorresponding passageway formed within the malti-

lumen conduilt asssrply. The fiuid feed conduit may alsc be

used to delivern material to the treatmsnt site, e.g, a

gas or a3 solid powder; . In one embodimsat, ipndection of

40 fluid (saline ar 1ike) is used To plump uwge the biological

tissue at the treatment site. Mis may be particulariy
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where the instrument is uaed bo ftreat the wall of the bowel or

che wall of the cesophagus or for protecting the portal vein

or the pancreatic duct when a tumour or other abnormal

:d in clese proximity, in order to protsct these

locat

structuras and create a cushion of fluid, Plumping up the

Cigsus in this mamner may halp to reduce the risk of bhowel

cration, demage to the wall of the ocesophagus or

of from the pancreatic duct or damage to the portal wein,
This aspect of the invention may meke 1t capabkle of trealting
other conditions where the abnormality {(tumour, growth, lump,
etc.) ils close to a sensitive biscloglcal structurs.

Tt is sdvantageous be akle Lo use fthe sams instrument

o deliver fiuvld as delivs and/or microwave snerqgy since

loss of insufil

defiation (2.g9. due to fluld see;
£

air) may ovour if a separate instrum is Ilntroduced intce the

region oy during treatment. The ability to lntroduce fluid

using the same htreatment structure enables the level To be

topped up as scon as deflation occurs. Moreaver, the use of a
singls instrument to psrform dezicceation or dissection as well
t

en to perform

',_-
=
6]
2
o
&
=%

az to intreduce fluid also raduces the

the overall procedurs, reduces the risk of causing harm toe the
The risk of infection. Mors

[lush the

patient and also reduces

genervally, injection of fluid may be used to f
treatment region, £.g. to remove wastes produchs or rencved
tigsue to provide better visibility when treating. As

menbioned abowvs, this may be particula

procedures,
The undersurface of the protective hull may have a

longitudinally extending recesssd chanosl formsd therein, and

3

the fluid delivery mechanism nay include an insulating nsedle

guide tube wounted wit and extends proximalily from the

e needie {(e.g. hypodearmic

(S %]

vecess channel, and a retractabl
needle) slidably mounted in the needle guide tube. The needle
may have an outer diamster less than 0.8 mm, e.g. 0.4 mm. The
needle may be movable in the longitudinal direction bstween a
deploved peslition in which it protrudes bevond the distal end

of the instrument tip and & retracted position in which it is

set back from the distal edge of the instrument tip, =.g.
below the planar body or laocates proximal to the planar body.
siternatively, the fluid feed condult may coupriss a

tubular {e.g. conical} protrasicn integrally formed in the
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protective hull, e.g. on an undersurface thereof. The tip of

the protrusion may have an out for a {iaid passsge, and

tigp for

Thusg may act as a fixed needle-l uid injection
into the tigsue. The tip of th: cone may projsct slightly
i beyond the distal tTip of the planer body,

According toe the szecond as

of the idnvention,

provided an inte nt for interconnecting an

electrosurgical ge and an electrosurgical lnstrument

{which may ke an instrument according toe the first aspect of

tolnt comprising: a housing made

10 the invention!, the

schrically insul material, the housing having: a

first inlet for r=cal radicfrequency (RE) elsctromagnatic

{(EM} energy and/or microwave freguency EM snergy from the

electrosurgical gsuverator, a second inlast for recelving £luid,

13 and an outlet; a sinqle cable agsembly Tfor conneching tl

outlet to the elechrosurgical instrument, the signal cabls

aszembly comp znible slseve that de

nes & fluid

filow path that ia in £iluid communication with the second

inlet, and which convevs cable that is connscted to

the first inleth.
The slectrosurgical generator may be any device capable

of delis or microwave fregquency EM energy for

traatrs: 1ological tissue. For ezample, the generatox
described in WC 20127076844 may be used,

25 The slectrosurgical ins

ment may be any devige which in

"

rranged to use RF EM enexrgy or microwas

£
n
D
e
M
QO

frequency EM

exgy for the treatment of hioclogical tTissue, The

eotrosurgical instrument may use the RP M ensrgy and/or
microwave freguency EM energy for any or all of resection,

3¢ coagulation and ablation. For example, the instrument may be
a reseciion device as disclosed herein, but alternatively may
e any of a pair of microwave forceps, a sunare thait radiates

microwavs

snerqy and/ocr couples RF energy, and an argon beam

coagulator

i3
Lo xl

The housing may provide a double izclation barrisr for

the operator, i.e. the housing may compris& an ocuter oasing

{first level of isolaticn) that eancapsulates a branched

of isclation) wiithin which the

various inputs are integrated inhto the single cabls asszenbly.

£

wmay provide a watertight volume which

ws oa Fluid flow path between the second inlet and the
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P

cutlet, and which has a firzst port adijacent to the first ianlef

ing the coaxial cable.
In use, the interface joint may be the location at which
fluid for treatment at the instrument is introduced. The

operator of the intsrface jolnt may control the introduction

e.g. via a syringe or otheyr fiuid intrcducing

echanism attached to the second inlet. Ths inkterface
may also include a fiuid delivery deployment mechanism that
acts to instruct or centrol fiuvid delivery at the

electrosurgical instrument. For example, ths interface joint

may include a slidable trigger on the housing, the slidable

rrigger being atbtached Lo a push rod that extends out of the

hous
the fleuible shafit to ths

can contrel ths fiaid d

ng through cutlet. The push rod may extend through

jora
ot

trosaurglcal instroment, where
rample, ths

atructure. For

zlectrosurgical instrument may lnclude a retractable needle

that is switchable into and cut of fluid communication with
the fluid fiow path in the flexible shaft by siiding the push
rod back and forth.

In this arrvangemernt, the branched passageway may inciunde
a second port adijacent the slidable trigger for adwitiing the
push rod.

Both the first port and the s=scond port may compriss a

< j:

sealing bung which defines a watertight passage for the
5 . e

O}

zaling bung

o

coaxial cable and the push rod respechively. The :

may os formed from a resiliently deformable material, e.g.

silicone rubber, whereby the coaxial cable and push rod are

encapaulated in ths material as they pass through it.  Sealing

the first and szeoond ports in this way means that the only

route fox fluid out of the interiface int lg throagh ths

swut let along the £luld ficow path in the flexible sleeve.

0.LE

The branchad passzagsway may have any suil

configuration. In one embodiment, it is formed from a pair of

v-shaped conduits, which are connsoted to each over to dafine
a first length in line with the outlet, a second length

grtending from a aids of the first length at an obligus angle
te the first length, and a third length extending from a side

o the sec

ngth. The first length may have the push rod

extending through 1t and may Larminate at is

e

sealing bung. The s=¢

may have

running through it and may terminate at its proximal end in a
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third wth may terminate in bhe second

sealling bung.

sort for recelving the filuid. In this arrvangemsant, the
=

housing = yeoa platol-like shape. However, in anolherw

embedil h, tha bhranched passageway may Nave a4 more compact

) configuration, in which the different laangths

ally parallel toc each

passageway runl substanti

arrangement, the housing may be an =2longate capsule sizzad to

fit in an operatoxr’s hand.
Ths interface Jjoint may be particuiar suitable forn
10 gathering a plurality of inputs into a singie cable assembly

{i.e. the malti-lumsn cable assembly mentioned above) before

it is inserted through the instrument channel of an endoscope.

iy may have an outer diametes

abble asssy

Te achieve this, ths o

of % m or less, e.g. 2.8 mm or

i colonoscope.

In order to fac pulaticn oFf the instrument at

the distal end of the instrument channel of the endcescope, the

flexible slseve may be provided with longitudinal braids

therein to assist ian ths tranafer of torgue, i.s., toe transfex
24 a twisting motion at the proximal end of the cable assembly to
end of the cable aszsembly, where it can cause bi-

rotation of the instrument becauss the instrumsalb

©

tached to the cable assembly. The flexible zlesve may

comprizes a inner tube and an outer tube, which are bonded ox

25 ctherwise attached together with a tube of wmetallised braiding

in batween. The pitch of hraiding may be variable along

For example, it may be

the length of the cabkle as
usaful to have a wider piitch in a region =.g. a distal portion
of the cable, whers flexibility iz important. Iin order to

30 prevent the metallised braiding from intexrfering with the RF

field or microwave field at the instrument, a distal portion

of the flexi} sleeve may be provided in which the braldad is
absent. The distal portion may be manufactured separately and

attached (= vended or welded) to the brailded portion.

35 The housing may forther cowmpriss a streain rellief element
mounted in the outlet and surrounding the flexible slesve.

The funchtion of the strain relisf element is to limit the

c¢f the gsieeve

preveal overflexing

oveaemes

that may damage the int
4C The
lumens may be formed by lnserting an extruded separator

lumen bubs.  The

sleeve may comprise a mult
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§i-t

ey

inside a =in

lumen tube. Thse extruded separator
element may ilociude a plurallity of through chaonels {e.g. two,

thres or more). One of the Lhro

channels may carry the

st rod (if present}). The other chaovnels may enpty,
A J

3 which can ensure that there is alwavs a open fluid fiow path

rg the

)

e Instrument and interface Jeoint for guidi

cabxle and one or more Ul holes for carrving the
The fluid Tiow path

may ficod the intsrnal cavity formed by the flezible sleeve,

cid feed conduib and control

1.0 and the ceaxial = immersaed in bthe flaid.

& diatal end

of the push rod may be connected te a

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

to its distal end. The ferrule may e hollcew, with cane or

more openings in Lts ouber wall that cause its ipteriocr to be

)

%

1% in fluld communication with the £luid ow path through the

flexible siseve. The distal end of the ferruls may be open

2,

such that ]

needls mounted in the distal end is in fluid
communication with the fiaid £low path, The proximal end of
the ferrule may be sealed by the push rod.

20 Docording to the third aspect of the inventlicon, there lg

provided a torgue transfer unit for rotating an

sctrosurglical instrument at the distal end of an sndoscope

by tranaferring a user’s rotating forge to a flexibie sleeve

cennected to the slectrosurgical instrument, wherein the

torgue transfer unit comprises an elongate clamp arranged to
tible sleeve

ide the endescope, the elongate clamp

impart a grﬂkpﬁng force alcng & length of the £

comprizing: an upper slongate housing member, a lower elongate

housing member plvobably connected to Che uppsr elongate

3G

housing member and defining a passage for the flexibls siseve,
wherein the upper siongate housing member and the lows

GO

aple betwesn a releass

Gomember are pivon

gate housin

position in which ths torque transfer unit is up and

down the flexible sliesve, and a olamping positlon, in which

e
in

the fTlexibkle zlesvas is gripped bhetwasen Lhe upper slongate

housing mewber and the lowar elongate housing membsr.

The torgue transfer unit may thus be dasigned to siide

freely alonyg the length of the flexible slesve to & position
vhat ia convenisent for use. Once in posgition, ths torgue

rransfer unit can ave by pilvoting the

gz
-

upner

cngate housing menber lower elongate houvsing member
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[P

clip that allows the upper elongate housing member and

¢ housing mewmber to be locked in placs at

iower elongs
t., The clip may be a resilient latch element on

5 the upper elongate housing member and the lower elonga
housing membar, which a corresponding catch on the oth

te housing mpember and the lowsx

The uppsr elot

houzing membasr may sach carry & U-shaped clamping memb
Hezhaped ciamping members baing arrangad Lo opposs one
G Lo impart a substantially uniform gripping pressure on

flexible sleeve when the unper &

cagate housing member

¥

lowsr eiongate housing member are 1n the clamping pos

in a preferred embodiment, an intermediste deformable

oaos 1s pesition arcund the flexille sieeve between th

sxible sleeve and ths haped ola

furk
=
i}

o

intermediate grip tube may ke made of zilicons or any
In use the intermediate

sultable compliant ma

deformable grip tube grips the flexible sleeve on compre

and fixes the position of the torque transfer unit,

grip tube acts to distribute the load on

flexible siesve which can prevent iocal damage to the

In use, when ths diatal tip of the

dias

instrument 13 corractly positioned relative

of the flexible endescops within the field of viaw on

clampa and leocks the torgue transfer unit at the exit

thz flexible shaft from the endoscope working channel

together. The torgue fTransfer unit may include a releg

ing members. The

[

any

ocne of

e

er.,

elongate

ar, the
another
the

and the

ition.

~

i

&

=

other

ey Qe
fatihe

the

=
2
-
o
=+

ziectrosurgical

tal end

the

gecpe’ s video menitor, it is intended that the endoscoplist

point of

and

immediately adjacent to the endoscops X-Y controls. When

g

2 clamped in this iccat

S
>

o the torgue bLransfer unilt provi

finger and thumb rotarvy and longliudinal positional co

the distal tip of the instrument., Phe variakle positi

and clamping of the norgue transfer unit allews ths in

to he usad endoscopes of differing lengths {e.g.

3 endoscopes with working channels anywhere ketween 60 a

~

L

cm long) .

ecuency (RF} may me a stable

Harein, radicfr

freguency in the rangs 10 kEz to 300

Ay rmean a8 stalbxle f

3 (x MHz to 100 GHz. The RP =neugy culd have a

rquency

enough to prevent the energy from causlng nerve stimy

and microwave

des
ntrol of
orning
struamsoat
ble

il 170

ixXed

ad frequency in thes range 300

nigh

lation
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and flow encugn to prevent the energy from causing tissue

blanching or unnecessary thermal margin cor damage to the

vigsue structurs. FPreferred spot freguencies for the RY

RN

N

energy iaclude any one or more cof: 100 kHe, 250 kHz, 400kHz,

+

B A00 kHz, I MHz, O Mz, red spot frequs

MHz, 2,45 GHz, 5.8 CGHz, 14.

1%

microwave enarygy
J¢ GHz.

3

s OF THE DRAWINGS

nocies for the

5 GHz,

Examples emboedying the invention as discussed in detaill

below with rveference to the accompanying drawings, in which:

Fig. 1 is a zchematic view of a complste elecltrosurgery

esent invanticn ls applied;

system in which th

. 2 iz a cross-sactional

w3
fa

el

a-

that is an embodiment of the inventiocr;
Fig, 3 is a cub away perspective view of

joint shown in Figv 28

an interface joint

Fig. 42 is an exploded view of a torgue transfer unilt

20 that 1z an embodiment of the ilnvenbtion:

Fig. 498 is a perspective view of the torgue transfer

of Fig. 4A in an assemblied state:
Fiq. 5 ig a schematic perspective view of ancother
interfacs joint that is an ewbodiment of the invenition:

&8 Pig. & is a schematic perspective view of an integr

interfacs joint and torgue transfer unit that is an embo

of the inventicn,

Fig., 7 13 & schemetic perspective view of another

intagrated interface joint and Lorque transfer unit that

35 ambodiment of the invention:

[

unitc

rated

diment

18 an

Fig. 8 is an exploded view of a distal end assembly for

an slectrosurgery device that is an embodiment of the

s

invention;

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

22) aszembly of Fig. £ in an assembled sztate:

rapactive view of the disgtal

Fig. 8B is a bottom
P

5 1n an assembled state;

Fig. 10 is a cross-sectional view of an interface
suitable for use with the preseni investion:

A0 Fig. 113 is a top view of 3 bipolar structure used

and

cable

in the
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of a bipolar structurs used in

v view of & bipolar structure used in

wedle assenbly suitable for use

with the distal end assembly of Fig. 8;

128 is an enlarged cross-sectlional view through the

nzedls assewkbly zhown in Go. L2B;

Fig. 13 is a schema drawing g a fluigd flow

L4 wath through an interface cable that able for use with

the present invention:

Fig. 14A is & top view of a proftectivs hull ussd in the

distal end assembly of Fig. §;
Fig. 14B is & cross-sectional view through the pretective
15 hull used in the distal end assembly of Fig., 8;

Pig. 15A 1s a perspective view of a stopper used in the

interfacs Jjolnt shown in ¥Fig. Z;

Fig. 158 is a eross-zectilonal view through the stoppsr

20 Fig, 186A is a perspective view of a Y-zhaped connecticr
vsed 1ln the interface Joint shown in Fig. Z2:
Fig. 168 is a cross-seciional view through the ¥Y-shaped
164;

Fig. 178 is an isometric wiew of various stages in the

connectolr shown in

fabrication of a3 distal end asgsembly for an electrosurgery

device that is an embodiment of the invention; and

Fig. 178 13 an end view 0f the complete distal end

ssemoly

shown in Fig. 17A.

DESCREIPTION; FURTEER OPTIONT AND PREFERENCES

varicus aspacts of the present inventions ars presented

cw in The context of an Crosurgasyy aystem that rovides
Y b |

o

an electrosurgical invasive lostroamsnt for use in eandoscoplc

45 procedures for fthe vemoval

yolyps and malignant growihs
through the controllad deii of hoth micrawave and REF

gnergy. However, it iz te be understeocd that the

the invention npresent nereln need not be limited to this

rarticular appiication.  They may bs egually applicablis in
Y o) Y i

4 embodiments where oniy RE energy is regquired, or where only RF

energy and €iunid delivery is regulrad.



T
£

WO 2015/101787 PCT/GB2014/053857

eo]

&

Fig. 1 is a schematic diagram of a complele

surgery system 100 that iz capablie of selectivaly

supplying toe the distal end of an invaszive electrosurglcal

=

instrument any or all of RF energy, microwave energy and

o

> acld. The system 180

fluld, e.g. saline or hyaluron:

comprises a generator 102 for controllable supplying RE

7

glectromagnetic {EM)

ray and/or microwave frsquency EM

energy. A suitable generator for Lhis purpoese is describsd in

WC 2012/076844, which is incorporated herein by refarencs,

The generator 102 is counected to an interface joint 108

1.r
i

by an interface cable 104, The intsrface joint

connscted to receive a fluid supply 107 from reTY

devics 10R, such as a asyringe. The interface deint 106 houses

a needle movement schaniam thabt 1s cperables by sliding a

trigger 11

. The functicn of the interfacs joint 106 i3 to

5~

comine the inputs from the generatcr 102, fluld deliver

device 108 and nesdle movement mechanism inte a singls
flexible shaft 112, which extends from the distal end of ths

iaterface joint 10&, Ths internal configuration of the

9]
interface joint 1048 is discussed in more detall helow.
The flexiblie zhaeft 112 is insertable through the entire

length of an instrument {working) channel of an endoscops 114.

A torgue transfer unit 116 is mountasd on & proximal lengih of

ace jolnt 1G5 and endoscope

the shaft 112 between the inte
114. The torgue transfer unit 116 =ngages the shaft to permnit
it to bs rotated within the instrumsnt channei of the

Lid.

The flexikle shaft 112 hes a distal assembly 118 that is

andescops

shaped te pass through the instrument channel of Lhe endoscope

114 and protruds (e.g. inside the patisnt) at the distal end

of the endoscope’s tube, 2nd assembly inciudes an

Ty

active tip for delivering RF EM energy and/or microwave EM

eneragy into biologlical tissue and a retractable hypedermic

needle for delivering These cowbined techrnologles

provide & unigue solu cr cutting and destroving unwanted

tissue and ths abillity toe seal blood vessels arvound the
targeted area. Through uss of the retractable hypodermic
needla, ithe surgeon is abkle to inject saline and/or hyaluronic
acid with added marker dye hebween tiszues layers in ordsr to
zatled. The

and szparates ths

distend and mark the positicon of a

injection of fluid in this mannexn
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e

tissue lavers making it khoth =asier to resect around
lesionn and plane through the zubmucosal layver, reducing the

risk of howel wall perforation and unnecessary the:

o the muscls layer.

il bel

sotive polymer hull positioned

As discussed 1n more de low, the distal aszsembly

118

under the active tLip Lo asszist a tissue planing typs resechi

cludes a

action, again helping protaect agailnst inadvertent

perforation and ensure wviability of the remalning tissue,
wnich in turn facilitates mere rapid healing and post

cperation recovery.

damasge

foXs!

The structure of the distal assembly discusszad below may

be particularly dssigned for use with a conventional steavable

flezikle sandoscope having a working channel with an internal

diameters of at 1sast 2.8 me and a chaonel lengih of between

o0 o and 170 am. ch the majority of the comparat

amall diameter {less than 3 w) lnstrument 1s housead

the lumen of a much larger and predominantly polymer

valy

insulating device, 1.e, the flexible endoscope chaunel, which

typically has an outer diameter of 11 mm to 13 mm., In

from the distal end of the endosco chan

4

practice, only 15 mm to 25 mm of the distal aszsembly protrudes

in order not to

Block the field of view ox adversely affect camera focussing.

The protruding part of the distal assembly i3 the only porticn

of the instrament that evey makes direct contacih with the

oximal and ¢f ths endeoscope working channel,

SR Y

neld 30 cm to 80 cm from the patient, the

x5 from the working channel port and

extends a further 30 om to 100 o o the intasrface jolnt 104.

In uae, the interface Joint 106 is typilcelly held by a gloved

e
assistant throughout the precoedurs. UThe ilntarface

is dgesigned and manufactured from polymer matsrials in such

Joint 108

a

way as ho provide primary and secondary elsctriceal insulstion

with extendszd creeps

cable 104 is connected to the cenevator 102 using & QMA-type

ceaxial dintarface, which iz designed to allow continucus

clockwlize or ccunter cicckwise rotaticn. This permits the

wtate with the borgues transfer unii

interface Joint 106 o

118 under the control of the andoscopist. The assistant

=

supports the interfacs doint 104 throughout the procedure in

ge and olearance distances. The interfac
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order to assist the endosceopist with sympathetic instruoment

rotation, needls ceontrol aud

Interface joint & Lorgue trausf

. 2 and 3 show the structure of an intezrfac

1

20 that 1s an embodiment of the invention. The interface

Z
oint comprisss a hard 122, which encases

2 oand 3 one half of the

saveral intercal compons

Ser

8] shall 122 is removed to show the inside of the joint. The

2

shell 122 is in the shape of a pistel, i.2. it has an upper

barrel portion 121 and a lowsr adiclning porti which

extends away from a proximal end cf the uppser barrel poriion

at an obligue angle. The upper parrel portion L&l contains

5 the needis novemsnt mechanism, while the lower adjoining

portion containg the connections for the fluld and ensrgy
faeeads.

Tha core of the interface joint 120 1l a of Y-shaped

conduits 124, 126 wnich are mated together to defins a
a9 branched passageway. The Y-shaped condults mey be made from
poilycarbenate or other suitable hard plastic, and are sheown in
rcre detall in Flgs 16A and 168, B first length 128 of the
1 lies slong the upper
The first length 128

for controlling

branched passagewsy 1s mounted
xn 121 of the st

recelves at its proximal

deployment of the ratract posh rod 130 has a

crooked proximal snd 132, which is mountad, =.g. heat stakad,

in & nesdle glider 134, The needle zlider 134 is siidably

mounted in the upper bavvel porti .. The needle slidex

0 134 inciades a protruding thumb trigger 138 for moving the
slidaer te and fro, which causes the needle te slide in and cut
of the distal assewkly, The proximal end of the first langth
128 is sealed by a gilicons bung 1348, which is shown in nmore

il3
detall 1n Figs. 15A and 13B.

1.5

) & gsecond length 140 of the braco raszageway ls mounted

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

ohligue angle to the first length 128, The second length 140
%

conveys a coaxial cable 142 from a proximal OMB-type connecton

28, where it

144 te the proximal end of the first lenghth
AL meats the push rod 130 and exits the interd
throcugh the

outlist 140,

0
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n.

connected to the interface cable from the generator. ne
coaxial cable 142 may ke a Sucoform 047 coaxial cable coated

in e 30 um laver Parylene C. The coaxial cable 142 may

pass through a silicene zealing plug 148 ab the proximal end
of the second iength 1490,

A third length 15¢ of the branchad pas:

from the second length 140 to provide a outward £z
receiving port 152. The fluid receiving port 132
threaded luer lock fitting, for sealing engagement with a

sultable svringe or tha like., The sealing plug 148 angd ths

bung 13&€ cause the branched passagesway to be sealed 1n a

L

watertight manner, whereby fluld introduced at the fluid
Fedae, 26

ceiving pert 152 can only exit the interfa

et 146,

through the distal out

The distal outlet 146 of the interface Joinl receives

ie shaft 124 th

therethrough & proximal portion of the flex:
is introduced into the instrument channel of the endoscope.

The fisuwikble shaft conveys the fiaid, push rod 130 and coaxial
cable 142 aa discussad below. A proximal end of the flesible

shaft 154 is directly bendad inte the branched passageway so

5

that there is sgome coverlap along the uppsr barrel portlon 121,

&

DX

This bonded Jjuncticn 1s mas by & coveriong 138

.

silicone rubber) which fits like & stretched glove and is
bonded in place. The covering 156 operates as a straln relisf
element., and also doublesz as an end of shaft flexible bend
restrictor.

The primary usar of the interface joint 120 mav be the

endoscopist’s assistant. In use, the operator Lypic

cffers the distal tip of the instrument to the endoscopist for

ingsertion down the working channel of the flexikle

and the interface cable {(which is comn the generator)

I s

and then supports the interface joint 120 itseli throughout

the procedurs. During the procedure the operator can inject

the distension/marker Iflulds az reqgquired via 5 to 20 ml

e

syringes atiached to the fluild receiving port 152 and operatse
the needle

134 as instruchted by the eandoscopist,

154 comprizes an cuter cannula tube

that centains the coaxial cabls push red 130 sod €luid.

e Flexikle shaft iz

The specific inteynal structure of

discussed below with reference to Fig. 10, The distal
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i la
tuke

roha

tube in

azssembzly is fixed to oulber can

mea rotatinn appli to the

ng any

assembly.

the transfer unit is

Torgue

flesible

order to facilitate rotahti

a8
the

in
and

shaift
40

iment

on

ahow

Figs. a torgue bransier

an ewbod invention. Essentially

imp

o

of
158

3 an elongate olamp that

ot

the torqua Lrans

unit 3,
Ccing

length of the

transfay

force al length the
shaft,

LrEs:

lower rdazimum and Fore

e

237, 1("(’

conteay

464, the

i shaft and its

ble

Bg shown in Fig, torque

omprises an upper elongate housing member 160

&?ongate housing member 162, which are

rod 164

enngd thsarsof. The

distal
Lhe

at &

160 and

pivat

uppe

housing wmambern ngate housi

each carry a U-shaped clamping member therein 1

clamping members 162 opposs cne another,

and the
other

upper elongate housing membex Loh

housing member 162 to each alter
166,
ing members
flex
and proximal
the

lower elongate housing

ralative
A gdeformanle
166,

shaft,

betwesn the clamping members

The

mounted betwesn

which

of

inle

168 1s threaded

faces

holegs 170 in atal

transfer unit 188, Io use, upper &

162

torque

160 and the nemo

metwesn a2 sition in which the

releasse pos

pa slid up and down the flezibles shaft, and

the deformalle tube 168 is

to

poait“ﬁ in which
the
flexil

loway

clamping members impart s gripping force
ble shaft.

elongate

housing membasr 162 can be retalns

clamping position by & rel clip 172,

the torgue transfer unit 158 has a series of ci

indentations To b=

forefi

degigned
of the

Pig. % is

acilitate
of

EERaL

nger operator, to rofa

a perspechtive view

conjunction with a 158 tha

of

Lorgue

embodiment the invent: The

torgue

i3 passsd to

able macipulaticn of

unit

the

fer unit c
provent damage

transfaer u

ninged to

lower

def

the tor

tranzfer

squashed

The upper elongate neusing membsr 160

The

L QU

an interfa

transfer

PCT/GB2014/053857

a manner that
the

=

mounted on tha
thereot.
158 that

[y
R

s
Gue
arts a grippin

sping a

an apply a

to ths

tit
and a
gether abc
ate

roelong

memhar 162

The

ng
656,

whereby pivoting the

elongate

5 the distance
tube
formable
paszes though

e

cogate housing member

a clamping

on the

and th

in ithe

A0

dist and

@i

)

antial

grippad by the thumb and

LOTL.
ce jolnt 180 1
L i1s aunther

.

unit 158

e

distal

g

tube

bhetween

e
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thie same 35 thalt discussed above with ref
and 42 and is not discussed again.
The interface joint 180 in this smbodiment comprises a

compact barrel-like body 182, which facilitetes rotation by

the endoscopist’s assistant. In particular, thes interface

cakle 104 iz comned ignment with

e.g. wia a snap-Ifit

includes a nested barrel

deliver filuld. The nested barrel
window 186¢ to show how much fluid remaiuns.

In this embodiment, a needie slider control 190 is

mounted bowiards the nosse of the bhody 180 for thumb control
whilst the body 182 is supported in ths palm of the hand. The
slidar 190 may have free reciprocal movenmsnt as in the

embodiment shown in Figs. 2 and 3. A& latch mechand

shown) may bhe provided to lock and park the slider in the
fully retracted needle positicon. Alternatively the slider may
have a spring-leaded action which biases the mechaniam into
the retracted state. With the sprung leoaded opticn tha user
{aszistant) would nsmed to held the siider forward against the
spring wollst injecting the fluid.

fig. 6 iz a perspeciive view of a cowmbined interface
Joint and tcrque transfer unit 1%2 that is another embodiment

Y

of the inventi L1 functions of the ssparate Lorgue

transfer unit and interfaces Joints discussed above are

provided hers within a single moulded assembly. However, the

comoined unit s not able to slide along the flexible shaft in

with anould be clo

o

A ) e
JamLyY

use, which means that the instrument
o

matched T cacope working chaonel length, However, an

is more microwave

advantage rrangement 13

power availlable at the active Tip in the diztal aszembly

mecause a shorbter instrument length means less power is loat,
The combined unit 192 cowmpriszes a walsted barvel 194 with
a faceted distal end 196 te facilitate easy finger and thuwmbk
rotary control, A nesdlie slider 193 is mounted towards the
sack of the barrel 194 due to the natural hold and support
position by the endoscopist during these procedures.
As an alternativs to the nesdie slider 198, a hinged

rocker type control lsver could be used for eass of thumb

control., With this design needls siid {or rook

forward and back would bhe requirad or latch back and sprung
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forward control Lo enakle one handed cperation and fiuld

injection by the endescopist, i

2, to give ths endoscopist the

Lhe

freedom to use their second hand to held or manipul

endoscape.

~

g Fig., 7 is a perspective view of a combivzad interface
Fa¥al

Joint and toregue transfer unit 200 that is ancthsr embodiment

of the inventicn. The combined unit 200 is similar to the

device shown dn Flg, 9 except for a remoite syringe fluild

ined unit 200 comprises a

4

indection coupling 201. The cowmb

facetad distal end 204 and a

10 giim barrel-like body 282

negdle ziider 206 which Tuncticn as dis sed above. The body

202 haszs a slim, compact design hecause it does not also need

<
o

to house a syringe. Instead, the body 208 is connecitsd t

fluid receiving port 208 via a fluld feed lins 210, 7This

19 arrangement may permit the device to be uzed wi targer

=

syringes of unrastricted barrel diameter. The body in this

Trangemnens alze be wore lightweight than that shown in

=)
ol

3

‘ig. 6. In this embodis the distal end 204 of the body 208

ray

includes a recgessed flat face 212, which lows abutbtted

20 location against the endoscape port cap for added stabhility.

As with this device shown in Fig. &, this sclution {as shown)
requires the instrument length to be closely matched to the
third party endoscops working channel length, and theveby
offers the potential for mors wmicrowave power availabilitbty at

215 the inztrument fip.

It may be possible to bulld in s o axnd

1 adijustment of

up to 100 mm within the combined barrzel-szhaped units shown in

Figs. & and 7. This may snable tThe endescopist to fine tune

struresnt length to his/her flexible endoscops of choice.
30 Thig added fuacticnality could also minimige the number of
product variants reguired to cover the range of present day

thizd party endozcopes.

Figs. 158, 158, 16A and 168 show further details of some

of the internal omporﬁn,h of the interface joint.

35 . 158 and 158 are raspectively g pachtiva and crozs-

o
ot
s
U

t

sectional views of the Lung the proximal end of

lengih of the branched pa The bung

]J
\n
.’D
=

' o

comprisss a4 rotary luer lock fitting ¢46 and & integral

o roa

sealing dliaphragm 248, e.g. made of resi)

tiently deformable

rubber.
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B show the Y-shaped conduits 250 £

Figs. 163 and 1

which tThe branched passageway 1s formed. Each Y-shaped

-

condult has a main linear channel between s first inlel 25

&
N3

et 2

<3 the maln linear channel, the sescoond channs

54, and a second chanael abt an chligue angls o

and an ouii

i having a second

inlet 256 and Jeining the main linear chawnel about halfway

P

its leangth. Each of the first inlet 252 and the second

along

inlet 256 has a rotary luer lock fitting 288,

aszembl¥y confignration

E

Pgs, 8, 94 and 2B z2how detaills of a distel asseubly 214

an ambodiment of the

conprising an active tip that

fnvention, Fig. 3 shows an exzploded view of the componsabs

L5 that form the distal assembly 214. The diztel assembiy 214 is

~

at the distal end of the outer caunula tube 216 of the

oot ed

:wlible shaft 154 that is discusszed above. In order to
t

provide & function, the maiority of the outer

cannula braided tube, s.g. comprising

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

radially inner polymar layer and a radially ouber polymer

avold the braid material from ioterfering

layer., However,

-

B
with the deliver of RF and/or microwave freguency LM ensrgy to

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

tube 216 iz mads purely of the polyvmer lavers, i.e. without an

mal braid,

The distal porticn 218 cf the outsr cannula layer 216

on to 3 corresponding proximal part 280 of a proi

bull 222. 7The protective hull is formed from polyethsr ethex

ketone (PEEK} ¢r any other suitable enginsering plasti

\

3C

Lu zhaped ¢ arforn & nunber of functions, i.e.
3 heped to ctorw numper of function a
- mounrt the distal assembly on the flexib

- provide & protective undsrsurface for the active tip,

v

provide a protactive housing for the nszedle, and

~ lozate the active tip relative to the coaxial cable.

The parts of the structure of the hull 222 that perform ths

122
(&

ail below wiith reference Lo

functions are discussad
Figs., 148 and 14B.
The

40 s & planar plece of

214 inciudes awn achive tip 224, which

electric mabtarial (e.g. alumina) having

LCWer

conductive layers (e.g. oid) on its upper and
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surfaces, The distal end of the active tTip 224 is curved.

147

The conductive lavers are electrically connected o the innex

and cuter conducters of the ceoazial cable 142 that iz conveved

by the shaft 216. At the distal end of the coaxial

2 a length of

2

cuter ath la removsed Lo expos

cable

The i1nner conductor 228 of the

The O

ceaxial cable exztends bavoad the distal end of the outb

-

142 and th

conductor 286, The coaxial s oactive tip 224

are mounted relative to one anoiher so that the protruding

.
part of the inner conductor 228 ilies on a fivst conductive

Javer of the

$L

tive tip, while the outer conductor 226 iz
brought inteo electrical connection with a second conductive
laysr by & conductive adaptor element 230. The first

conductive layer is isclated from the outsr conductor 2286 and

isclated from the innex

the szcond condus
Furthes

active tTip are discussed below with reference to Figs. 1LA to

layer

lg of the configuraticn of the

detail

conaductor Z28.

o

=t
et
N

When assembied; as shown in Figs. 322 and 96, the activs

tip 224 and coanial cable 142 are bonded to each other aund to

the hull 222 by the application of spoxy adhasive over the

portion of the inner conductor 228 that projects from ths

cuter conductor. This epoxy adhesive alsc orm Aan

end piug for the outer zannula ftube, i.e. a fluld tight seal
that means the only exit for fiuid introduced at the ipterface
Joint ias through the needle.

iy

huall 222 inciudes a regess for refaining a nesdle

&
guide tukbe 232, =2.3%. made of polyimide. In use the distal

assembly 214 makes an intimate contact with the patient. The

stal end of the active

needle 234 can bs sxtended beyond the

tip 224 and retracted to a pesition back iosides ths guide tube

232 via control of the siidey mechanism an the interface

joint. In its extsnded position, the n iz uzsed kv ths

sndoscopist to indect £luld for the purpese of loocally

gistending and marking tissue. The conductive layers on
active tip 224 form bi-polar electrodes for delivexing RY

and/or microwave Frequency energy.

inside and prozimal ©o

The nzedls quida 230 extends bhack

~

noe to

azsanbzly to provide extanded creepags cledra

2paure RE/microwave activation oanly occours scross bhe distal
Py

cip region of the achtive tip 224.
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Similarly it can be seen conductive lavexr 36 is
recessed back in behind the distal tip vegion of the active
This

increaze the btracking/creepa

15 deane on keth woper and lowsr Faces to

stance the proximal =nd of
the active tip, further ensuring that RE¥/microwave energy i3

focused towards the distal end and intanticnal active slament

of the fip.
Fig, 10 shows a typlcal cross section of ¢l

.

may run for Z.3 m

ilnstrument connecti
assambl During use the

the working channel

of the flexibls =sndozcope.

154 comprises

the outer oannula tube 210 lded tube discussed

ight cannule 237 and &

above), which forms a

varrier bheitween user/patient, and the coaxial Sucoforn
142 which in itself is further insulated. The ou
tube 216 alsc houses a 3-lumen PTFE extruded tube 238 which
ilct

ovides a low don pathway for the push rod 130 and

S
stability/support to the construction whilst ensuring a fiuid

pathway is maintained along

)

the full langth of the cannuia at

all times.
Through the lsngth of the flexible shaft 154, the coaxial
cable 142 {e.g. Suvcoform 047 cable) forms one lumen of a

ocomposite construction with the braided and double insulated

ive

outer cann uhe 216 forming the flexible protec

instrument shaft. To manage the potential thermal riszk posed

in use achtivation controls wasy bs impozed on the uvse of

microwave energy by the generator. For exsumple, in the first

application ins:ance activation may ke limited to 20 s
{continuous output), and thereafter the average powel
incidence on the proximal end of the distal assembly may bhe
Limited to 4 W. This control may be impoesed indepsndently of
the endosceopist, e.¢. wvia the generator software. With this
control in placs a temperature of 40°C has been cobaerved aftex
20 8 continunus activation on the polymer surface of the

disi of the intsrface

jinstrument shaft inmediatel

N
NG

Afver 20 & the temperabturs then as further

wicrowave activation by the Endoscopist iz aut

interrupted by the generator software. Full 20 s

capacity « e prevented ontil 240 3 {12 x 20 3) hasz elapsed.
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In practice, it may not ke necessary Lo activate ths
ccagulation function for longer than 10 3 due to concerns over

pe

al full wa.

perfusion at the

thickness injury
Figs. 11A, 1i2 and 1I1C illustrate the dimensions of one

ezample of an active tip 224 that can be used in embodiments

of the inventicn. Ths overasll agth of the active tip is

10,06 mm, with a meximum width of 2 mm and a height of 0.3 mm.

The layer of metallisation on ths aclhive ae a thickness
0f C.823 mwm, The curved distal end is maenufactured as &
plurality of radiuvsed sections of decreasing leogth and radius
towards the distal tip. In this embodimant there are five
different radiussd section, but more could be used. The
length 0f each section and its corrssponding radius of

curvature ls given in Table 1:

10,85

0.1 %0 e

Tapie 1: Curvature at distal end of active tip

Az mentiocned abowve, the conductive lavers on bath surface

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

distancs cf 0.2 mn alcng the proximal & mm of the tip. And o
ensure that the top conductive layer i1s isclated from the

outar conductor of the coaxial cable, the top condachive layer

iz set back from ths proximal edge of the subsitrate
by a diztance of .6 mm
Pigs. 122 and 123 depict the

139 to the needlie 234. A nsedle Farruvle 240 1ls connectad to

on from the push rod

the push rod 130 at a proximal end thereof and 13 connected to

5

1)

pes

the needle 224 at a distal end thereof. A set of holes

outer surface of the nesdie ferrule 240 permits ingress

fluid from ths flexible shaft for delivery out of the ne:
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234. As shown in Filg. 128, the push rod 130 acta as & stopper

the proximal end of the ferrule 240, thereby preventing

Fluild from ezcaping in the wrong divechion.

fig. 13 illustrates schematically the flow path for the

fluid., Immediatsly proximal of the disgtal assenbly the
injected fiuld that hasg passed down the flawible shafn 154

from the syringe 1 forced through four small radial holes 242

<

centyral to the needis ferrule 240 and thence Lnto the

£
hypodermic needle 234 for injection inte the patient

JL U

10 Figs. 1448 and 14B show the shape of th

222,  As shown more <leavly in Fig. 98B, ithe

end of the

hull la shaped to psrimit the active tip to overhang it by

arcound 0.2 mm arosund the disztal edge except at the disbal

The surface that contacts the underside of the active tip

therefore has a maximum width of 2 mm, which narrows to 1.5 mm

in an intermediate portion 223 before tapering te its distal

tip in a distal pertion 285, The tip may be a single
radiused curve, e.¢g. having & radiug of 0.2 mm.

Mzanwhile the proximal end of the hull defines an obiong

20 recess for recelving the proximal end of the active o. The

ohleng recess le bordered by a pair of wings 244 on each side,

which acht to retain

o

and align the active tip as well as define

a volume for receiving the adheslve that covers the exposed

inner conductor of the coaxial cable.

i 17A shows vavrious stages in the assamb
ol porticn 300 for an elechtrosurgical
is another embodiment of the invention., The leftmost visw in
Fig. 178 shows an innsy tube 302 made of & conductive
A This inner tube 30Z reprasents the inner conducter
30 of the coaxial feed discussed adbove. The sescoond view frow

left in Fig. 17A shows an outsy tube 304, which first over the

imner tube 302, The cuter ftube 304 may be formed as a tube of
insulating dielectric material having a conductive ceating on
its ocuter serface. The conductive coating acts as the ocuter
& conductor of the ceaxial feed.
A the distal end of the outer tubse, a portvion of the

ﬁ¢§§

ectric material. An Lsland

is etched away to expose a portion 3086 of
30% of conductive coating LS

left on the top surface of the outer tuhe at its distal end.

&G The island 308 is =zeparated (i.e. v disclated) from

the rest of the conductive

saed portion
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306 of dielectric material. & tengue (noh shown) of

conductive coating is formed on the botiom sunface of

outsx tube at its distal end with a similar shape and size Lo

the island 308. Howewvsr, the tongue remains in electrical

5 contact with Lhe rest of the conductive goating, i.s. it is an

extension of the cuber concuctor.

o

zro of 1 omm) is formed in

hole 310 (e.g. having a diau

308 through the conducitive co ng and insulating

g

material, thereby expasing the inner tohe 3072, The

en filled with a conductive material (e.g. epoxy
tube 2062

with the ilsland 308. Az a3 result, the distal end of the outer

ally connect the inn

@ilver} in crder Lo

cctrical contacts on its outer surface,

haa two eppossad

+

ectrical connagticn

L3 Ln e

A fixst contact (¢

_‘L
18 with the inner tubs 302 . lnner conductor) and a second

contact {the tongue) i1s in electrical the

conductive coating of the ocuter tube

acdactord .

The ifhird view from left in

in assambly, where an instrume

it
distal end of the outer tubs 304, The instrument

comprises a planar pisce 314 of rigid dielectric,

13 The cuter tubs 304 has two opposing

ceramic, such as alumi

oy
s

tabs 316, which can receive and retain the planar plece 314,

z.0. A8 an interfesrence £it or using suitable adhesive.

R
B

The side edgss of the planar piece 314 ftaper in a guasi-

parakolic manner towards the distal end thereof.
upper and lower asurfaces have nductive lavers, =.g9. of gold

or silver metalliza

)

ion, formsd therecn. The upper layer 318

30 ig wisible in Fig. 174,

The wight most view in ¥ig. L17A shows the final stage of

Cd
T.u

eriply, 1n which the first and second conbact

electrically connected respeactively to the upper and lowsr
conductive layers on the instrument tip 312 using a piece of
3 conductive foil 318.
Fig. 178 shows an end view of the distal end portion 34D
after assemkly. Here it can be seepn that the lower piascs of
conductive foil 329 has a nole 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.
3o 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.

T 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 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 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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