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(57) An electrosurgical instrument for resecting biological tissue with RF electromagnetic energy and coagulating with
microwave frequency EM energy. The instrument tip 224 has a protective hull 222 with a smoothly contoured
convex undersurface facing away from an elongate planar body having conducting surfaces. The planar body has a
tapering distal edge; its underside extends beyond the protective hull at the tapering distal edge; there may be a
channel in the underside to receive a needle 234 for injecting liquid into the target tissue. Also disclosed is: an
interface joint (figure 2) for integrating into a single cable assembly 216 all of (i) a fluid feed, (ii) a needle movement
mechanism, and (iii) an energy feed (e.g. a coaxial cable 142); and a torque transfer device (figures 4A and 4B) for
permitting controlled rotation of the cable assembly within the instrument channel of an endoscope. The interface
joint and torque transfer device may be integrated as a single component (figure 6).
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ENERGY INTO BIOLOGICAL TISSUE

The invention relates to an electrosurgical apparatus and
device for deliverivng radlicireguency andfor microwave
frequenay ensrgy into biclogical Tissue. In particuiar, ifhe
imvention rvelates to an elechrosurgical isstrumsnt capable of
delivering radicfreguéncy (RFY engrgy oY cutiing tiszsue
and/or microwave frasguency energy for hasmestasis (1.,
promoting blood ceagulationt ., The fnvention may be
partieunlariy suitable 1w gasvrointestinagl 81} prdcedurs
asgoclated with tha lowsr and Uppsr 61 trach, €.9. to remove
polyps on the bowsl, i.e. for sndozcoplc mueosal resection; ox
endoscopio submusosal dissestion. The lnvenition may alse land
itself to other progedurs, e.g. in general surgery or

lapaveseople sgrgery. The invention may $ind use in =arz,
anse and bthroat procedures and liver resection. The dsvice may
#lae be: used Lo addrass procedures asscoiated withe The
pancress, =.9. Lo resseb ¢r remeve Lumours op abnormalitiss in

close proximity to the portal wein or ths pancreatio duct.

Surgical resection iz & means of removing sseticnz of
crgans from within the human or animal body. Such ovgans nay
be highilyv vascular. When tiszsue Iz out [divided or
transected) small blood vessels called arteriocles ‘are damaged
or ruptured. Initial biseding 1y folliowed Ly a ¢oagulaticn

cascade whete the Bleod iz turned into a clot in an attempt to

plug the blesding peint. Duning an operation, it is desizable
for a patient Lo lose as little blood as possikble, so various
devicss have been developed in an atienpt to provids blood
free cutting., Por endoscepic procsdures, bleads ate 3186
undesivable, and nead to be dealt with in an expedisnt nanneg:
sinece the blowd flow may obseurs ths operator’s wvision, whish
may prolong surgsry and potentially leasd to the proosdure
neading o be termivated ard another nethod used instesd, =.9.
Cpen BUrgsry.

Elsctrosurgical generators ars prevalent in hospital
gperating theatres, often for use ln open and laparoscoapilc
provedurss, sad inggeassingly for use in endoscopy saites. In
endoscoprs procedures hhe elecirosurgical sbesgsory is
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typd cally dnssrted threough a lumen insdids an endoscope.
Consbdered against ths sgulvalent asouess channel for
laparcacepic surgery, such a lumen is comparatively narrow in
bore and greatey io lsogth.

Taztesd of & sgharp blade;, it is known to use
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radiofreguency (RE)Y energy te cut biclogisal bias a

'
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method of cutting using RE energy operatss uzing the urinciplie

g

of
T

that &s an elentyic curzent pésszss through & tizsus

ik
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(aided by the ionic contents of the cells and the
Intercedlular elsotrzolytes)y, the impedance to the flow of
electrons across the tissue generates heat. In practice, an
instrumsnt 1s arzarnged vtoe apply 4n RF voltage across the

Tigsue matrix that 18 sufficient o ¢generdve Heat within the

ils to vaporise the wabter content of the tissue: However,
as a result ef this lncrsasing desiccation, perticulaerly
adiacent to the BF emitting region of the insyrumsnt (whic
has the highest currvent density of the current path through
Liadue) , divest physdcal contact betweédn the tigsue and
instrument can be lost. The applisd voltage then menifests
itgelf as & voilbage drop acress this swmall vold, which causes
lonisation in The vold that leads to a plasma, Plasma has a
very high wolume resistivity comparsd with tissue. The energy
supplied to the instrument maintains the plasma, i.e.
completes the electrical cireuit betwsen the instrument and
the tissus., Volatliles naterial sntering the plasma gan be
vaporised and the perveptisn Iz therefore of a tigsne
digsecting plasma.

GR 2 472 9772 describes an slectrosurgles] isstrument in

“he form of a spatula comprising a pianar ftransmiszsion lins
formed from & sheel of & first dislsgtric material having

je8

firgt and sscond con surfaces

uctive layers on opposits 2
ra

thereof, the planar transmissiocn line being connected To a
ry

coantial cable that Is arvanged bto deliver sither miocrowave or
RY sansrgy to the plansr transmission line, the goaxial gable
sompriging an inner conductor, an outer conductor coaxidgl with
the inper conduchor, and & second dislectric maberiasl
separating the cuter and inner conduchors, the inner and outer
conductors extending hevond the second disisctric at a
conpeotion interface to overlsp oppositse surfaces of the
transmissden ldre apg electrically contact the fipst

conductive laysy and second conduerive layver vespectively
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The first conductive laver i3 zpaced from ths ead of the

transmission iine that abuts the coaxial cabls teo elscotuicalliy
igolate the outer conduchtor from the fivet gonductive laver
and also the diastangs of the gap is invalved with matching ths
fmpedancs of the snerygy delivered from the microwave souros
with the impedansce of the bdelogical tissue, and the widih of
the Lirst and zecond conductive layvers is also selected to
help orsate an impsdance match between the transmiszsion line
angd the doazial cable.

The spatulz configuration sst forth in GB 2 472 872
provides desirable insertion loss hetwesn the co-axlial fesd
lipe and the end radisting ssotion, whilst also providing
desirable return Iosy properties for the edgez of the spatula
whag Ln dobtact with sir and bielagical tlgste respedarively.
In mere detail;, the insertion less alony the stoacture may be
less than 0.2 dB at the frequency of intersst, and the return
lasa. less thap (more negatlive than, =1 4B, preferably iless
than 10 dB. Thesze properiies meyv alzo indicate a well
matohed Junction bsasitween the coaxial cable and the
transmission line spatula structure, whereby mlcrowave powsy
is laugnched efficisntly into the =wpstuela. Similarly, when the
ediges of the spatula ave expossd to aly oy biglogieal tissue
thet is not of interest, the feturn Joss may be substantially
zero J{i.s. very little powsr radiated into fres spacs or
undesirable tissuse), whersas when dn cegtact with desirable
biclogical tissue the reburn loss may be lsss than {mors
negatdve thawy -3 4B, preferably less than 10 4B d.e. Lis
mattrlity of power in the spatuls s transferred o the
tiasuel .

The Iinstrument discussed in 4GB 2 472 977 is intended to
radiate microwave snergy from the edges of the planar
transmission line To sause localissd tissue ablatdon ox
coagulatian.

GB & 472 272 also discloses that the gpatula discuased
above may have an REP cutting portign integrated thsrewith,

The R¥ cutting porticn may be Fformed Hyv using the flost and
second condustive lay&xs mentiongd abisvs 8% aubtive 4nd retyrn
electrodes for RF sznergy. This arrangement may Lake advantage
of the fagt thaetl the achive and reburn sdsctrodes aps dn cioss
prozimity o ope anobthsy, thus setting up a preferential

return path bt enable logal tissune outtilng action to take
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prace without the nesd f8r a renote retury pag dr a Righly
cenductive liguid, i.e. saline, existing between the two
shechrodes.

In this example, the BF curting poriion may comprise a RF
voltage source coupled to fhs plamar transwiszsivn diog, &
freguenay diplexer/duplezar unit (o fignal adder) ecomprising
g low pass £llter to prevent the high freguency microwavs
epargy from going back into ths lower fregusnoy BF snergy
sourse and a hign pa<“ filrer to prevent the lower freaguancy
RY snsrgy from going bBack into the highey fragquency micicwave
snergy scurce. In oone example, the freguency

diplexer/duplexer may be ussd te enable the miovowave and RF

or and delivered

sgergy Seurces W be gonbined st phe gepearat
aleng a single channed, e.g. oo-anial cable, waveguide
assenmbly oy twistad pair, to thes spatula structure. The RP
cubtting energy may be deliverad alons inte the Tissus on it
may be miwmed or sdded with the miorowsve ewsrgy and delivered

glrnlranespaly to set up’ a blended mode of speration.

The present loventicn developa further the spatula
concept discussed in GB 2 472 978 apnd the mannsr with which it
interfaces with a generator that providez RE amdfor microwave
energy for trestment.

o oa fdrst aspedt, the invention provides &n further
optimised confilguratiosn for the distal snd of an
electrosurgical topl for controllisd resection of biglogical
tiszue.

In & second asgpect, thse invention provides an interface
Joint for integrating inte a singls cable azsenbly all of (i)
a fluid fesd, {(ii} a3 needle movemsanl mechanilsm, and {(3id) an
energy fesd {e.g. & cable supplving RF and/or microwave
energy) . The cable assembly may be sized to £it through ths
insvrumEnt channegl of 8 coanventisnal endoscaps.

In a third aspect, the invention provides a horgue

X

ion of ths

twransfer device for permitiing controliled rotb:
cabls assewmbly within the instrument channel of the sendoscope.
The interface Jdoint and torgus transfer devics may be
integrated as a single component.

Beoocording to the first aspect of the Iinvention, thers is
provided an slsgtrosurgical instrument for applving to

binlogical tlssue radiofreguency (RF) elecirpmagnetic {(EM)
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energy andi/or microwave freguency EM ensrgy, the instzument

somprising: an instrument Lip comprising a planar body made of

a first dislsciric material separaping a first conductive
alEment on & flrst surfice thersof from a fecond condudtive
elemernit on a sacond surface thersof, the second surface facing
in the opposite dirention to ths first surface; & coaxial fesd
""" abvle comprising an inpsr conductor, an outer counductor
coazial with the inney gonductor and a sscoend dielectric
matepial Separating the lnngr and dunsy condudtdos, the
coaxial feed cable being for conveying an BF signal angd/or a
microwave signal; and a protective hull comprising a third
piscs of dielsetric material mounted to gover the underside of

ianer conduotdr 18 elevtrdically

The planar body, Whersiy ths

sonhnected to the first dondustive element and the oulsr
conductor I8 electriecally connected to ths sesond conductive
element Lo epable the instrument fip Lo regceive The RY signal
andfor the microwave signal, wherein the protschive hull has a
smocthly contoured convex undersurfacs facing away from the
planar body; wherein the planar body bhas a tapering distal
edyge, and wherein the undsrsids of ths plansr body extends
Beyond the protective null at the tapering distal edge. This
combiinaticn of features repressobls an optimal configuration

t the digtal tip

the planar body

m

that balances the accuracy of tresatment

4
1

{which is eanhancsd due toe the extension o
over the probsctive hully with the sase of safe manipulavicn
of the instrumsnt {(dus Lo the proteotive hall itself).

The porticn of the undsrzide of the platar Body that

extends bevond the protsctive hull at the paring distal edgs

may be termed the sxtension zong. The extsnsicn zone may be
uniform avound the pevimeter of the Lapsring distal sdge.

Alvernatively, the extension zone itself may taper in width
Lowards the distal tip of the planar body. The tapéring may

be hetwesn a minimum value at the distal tip and a2 maximuam

value at the proximal end of the tapsring distal sdge. There

may be zavoe extanzion st the distal tip, i.e. the protescrive

Hell may be contigucus {(l.e. flush) with the plasay body at
that point. The zszitension zons hay be aized Lo provide a
peneficial impact on the energy flelds emitted by the device,
bub without adversely impacting ths function of the protective

hiall.
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The magnitude of the sxtensdion zons may be related to,
@.¢¥. in proportion Lo, the geomstry of the distal tip. The
planar body may have any dimensiors suitabls for use in a
parvicoular procedure. For for sodoscnplic proesdures,

outer diametsr of 2.3 nm or

the ifnstrumsnt may bave an

lessz, prefzrably 1.2 mm or less. The widih of the planar body

may thus be 2 mm of less. However, cther procedures may be
lesa resurictive, whereby the width of the planar body may be
up te 8 mm.  The width of the exbenzion zone, 1l1.&. thHe
distance by with ths tapering distal sdge extends beyond the

protective hulld in a dizection normel to the edge of the

it
protes

Lve hndl may be 0.2w oy less, prefervably G.lw or lass,
where w is the mawimum width of the planar body (1i.e. the
maxinum dimengton of the planay Body in the dirsgtisn of the
diameter of the 1umen oY cathgtér thivotgh whdeh 1% 12 fnsgrted
it uze. Thus, for a planar body having a width of % mm, the

extenzion zZone may have a3 maximum width of (.2 =m,

In wss, the firsr and zecond conductive slements may be
arzanged to previde 3 loeal return path for RFE saergy, il.g. a
Llow impedance route for BE ensrgy to be transporied bstween
the first and second conductive elements. The first and
secend condugtive elements wmay be layvsrys of meballisabion
formed on opposite surfaces of the first dielectric materisgl.
The first and sscond condustive elements may bs asrranged te
zat up a loeal electric field at a coatact regisn in which the

instrument tip makes contact with the biologigal tissue. The

ioval elecirip fleld can be extremsly high, which mey cause a
microplasma {(1.e. a hot thermal plasma) to be formed at the

diztal side portion of the planar body, s.¢. where contact is

made with the biological tissus. The mioroplasma may be
desirable in terms of achieving efficispt cutbing.
!

ad a8 & parallel plate transmission line with the

Meanwhile, for a microwave signal, the instrument tip may

e model

[

planayr body representing dielestriv wnsa 18l separating two
conductive plates. The radiation pati=srmn of the microwave
freguancy BEM energy in this case depsnds en the overall shape
of the planar body and the microwave feed structure. In this
particulay instancd, the gap at the provimal end betwesn the
o-axial feed lims {centre conductor) and the upper conductive

el
layer plays an important roele in ensuring that ths microwave



il
Bt

PR
<

energy from the sourcs ls matched in terms of ilmpedance with
the leoad impedance presented by the tissue. The overall lengt!
of the planar transmigsion lins grrarngemernt 48 alse important
in terms of matching the lwmpsdance i{or the energy dulivery: of
{oy from] the coaxial transmissicn line with {or inte) ths
biological tissue, i.e. the structure may form & guarier wave
impedance transformer or a half wavelength reszonater Using
known simulastion touls, this may be wmodelled to contral from
which edges ths microwave Ffreguency EM energy iz radiatad.
For sxample, the instroument tip may bs configured teo inhibit
radiaticn of the microwave EM raediastion from a distal edge of
tha planar body,

The tapering distal edge may have any sultabkzle profile,
e.g. obtained by computer wmodelling the device in particular
use configurations. The tapering distal sdgs wmay be curved or
stratght or ¢ coubination of the twe. For example, the
tapering diatal edge may comprisze a straight taper herminated
in & curved distal tip, €.4. 8 single radins ourved distal
ip. The tapering distal edgs may extsods aveund a distal
third of planar body. In one srbodimesnt, the cuoved distal
edge way have a curvature Iformed from a plurality of

contigecus radissed segtions, each radiused section having a
rading of curvature Less than 14y groximal deighbonr.  Thede
may be thrsze of more section of different radii. The
rilurality ¢f contigusus radiused zectieons may be arrangsd to
give The qurved distal =dge a guasi parabolic shapes.

&3 mentioned above, the width of the planar body nay be
dictated by ths intendsed use for the instrument. In

copio progedurss, the width may be 2 nm or lesg, whereas
for other less restrictive progedurss the widbh may he up oo
o, @.g. any 9F 8 mm or kess, T omm ogr lewy, & mm oy less, I omm
o Yess, 4 mn oy Iess Ur 3 mm oo lass,

The Ilength of the planasr body {(including the tapering
distal ead) may be rslated to, e.g. in propertion with, its
width in order to deliver ths BF and/or microwsavs freguenoy
energy most afificiently.  The length of the planar body may
thus be aboub Zw, &.9. betwsen Sw and sw, preferably 5.3w
where w is the masimum widih ¢f the planar bodyv.

In one supodiment, the planar body has a mawimum width of

Z mm and & manirae keagth of 16.6 mm. In this sobodiment, the
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tapering distal edgs may cowmprise a plerality of contiguous
radiused sections consisting of a first radiused section
having a length of 1.6 mm and a radius of curvarmurs of 12.4

i, second radiused section having a ilsogth of 1.0 mw and a

{

vadios of curvatire of 10.2 mm, 4 YHi®rd radiuvszed sacticn
having a length of 3.7 mm and a radius of curvature of 3.2 mm;
a fourth radiused sevbien having a length of 9.2 mm and a
radius of gurvature of 0.85 mm, and a fifth radiused sserion
having & lsngth of 0.1 mm and a radius of curvature of §.35
M.

The fivst and zecond senduetive elements may each
comprigse & laver of metalliisation, the lavers of metallisation
peing formed on opposite surfaces of the first dielectric
material. The layers of metallization may be seb back {e.g.
by 0.2 mm) from the side edges of the first dielectric
material in & proximal region of the plansry body, to reduge
the field strength at this region. The prozimal regicn may

gomprise the regilon of the planar body promimal o the cufved

distal end. This may help concsntrate the energy delivery at
the distal end. The inner conductor and outer conduclor nay
ial

mamner, 1.e. the first and second condudhive &lements nmay be

contact the first apnd sscond comductive elements in 3 coa

shapsd o . be gymmetrde Sboud 88 8xis rusning along “the planar
body from the coaxial fsed cakle.

The undsrsurface of the protective hull mav smoothly

o]

taper st its perimeter to m=et the undersids the planay

2

%
body. The thickness of the protestive hull may also decreass
towards the distal end of the instrument tip. Thus, the nuter
poertdon of the protsetive hull may have a convez profile. The

undersurface may bhawvs a leongitodinally sxtending recvessaed

chianpel formed thesyrsin, The tapsring sdygs profile andg

eczased channel may cause the undersurfscs of thse proteciive

htll to coumpriss a palr of ridges. The tapered conformal

fhowing Torm of the hull may veduge the pisk of the Instrument

digging into colliateral tissue alding its abkility te glids.
For sewample, this shape may reduce the rvisk of the instrumsnt

digging Into the bowel wall dnd causing 38 bowdl pérfaration ox

may protect the portal veln or pancreatice dugt from being
damagesd,. The particular dimensions of the huell (s.g. length,
width, thicknesss, ete.) may be adapted e sullt the Intendsd

use and intendsd area of ths body to be cpsrated on,
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The protective hull may be formed from a Yiocompatible

nen-conductive materialy auch as polysther e Lone

(REER}, ceramic {e.g. alumins, =lrzcenia oy circonia tuughened
alumina {(ZTR)) or bicogowmpatible plastic that deoes not atisk to
the wall of the bowel {or othsay biglogical tisaue) or ths
Like. BAlternatively, the hull may alsc be formed from a3
retalliic material, €.g. titanium, sheel, or may be a multi-
layszr structurs., It may be attachsd {e.g. bondsd) to
whichever one of the first op spoond conductive cliements is on
the undersids of the fifst dieleciric material. However, in
ans epbodimsnt, the proftsctive hull may be formed of the same

material as the fiesst dielectric material. The protagtive

hull and first dielectric material may ke formsd 1o one plece
s a unitary body. In this arrangsment one or mors planay
sicts may be formed {s2.g. cut} in the urnitary bedy to allow a
conductive material to be inssrited to form the first and/or
second conductive matsrial. The conductive materisl may he
inzerted by coating one or more dinternal surfaces of the slot.
Alternatively or additicnally, the proisctive hull may be
selectively metallised to Form part oFf the first or second
conductive slements.

The instrumsnt nay dnclude a £luid fTeed condult. for
delivering fiuid {e.g. saline} to the instrument tip. Tha

finid feed condull may comprlse 8 passsageway through the

4
fucd
i

orotective hull for delivering fluid to the btreatment s
The passageway may incliude an outlet loecataed in the rscesaed
channel of the protective hull. The coaxial feed gablis may
form part ¢f & multi-lumen conduilt assenbly for delivering RY
and/or microwsve fregusnoy energy and fluid {Ligudid or gas) to
the instrument. The fluld (protective hull) may bs conveyad
throush g covrsspeonding passageway formed within the mualed-
lumen condult asssmbly. The fluid fesd condult may also be
used te deliver other matsrial to the treatment sdite, &.g. a
gas or a solid {e.g. powder). In one embodiment, injectiocn of
fiudd (saline ovr the lkike) is used oo plunp up the kiologiocal
tissue at the treatment site. This may be partisularly useful
whiers the instrument s used to tersat the wall 9f the bowel @
the wall of the cescphagus or for protecting the portal vain
or the panereatic duet when -a tumoer or other abnormaliiy
located in close proximity, In cwdsr to protect these

strusbures and oreate a cushion of fiuld. Plumpiang up the
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tiszue dn this Manhery may Belp to fedice the risk gf bowel
perforation, damage to the wall of the cesophagus or leakage
of from ths pancreatic dust or dameage to ths portal veln, eto.
This agpect of the invention may make 1t capable of treating
other conditions whers the sbnormality (fumour, growsh, lump,
efe .y s olose o a sensitive bioléogleal Foructure.

It is advantagszous to be able to use ths same instrument
te deliver fluld as delivers RF and/or microwave snsrgy sines
deflavion {e.g. dus to fluild seepage or loss of insufflarion
alr} may ovcur 4f a separate instrument iz introduced into the
region ¢r during trestment. The abilisy to introduse fluid
welng the zsme Trsatment structure enablesz the lsvel to bs
topped upg 8% saorn as geflatlion coowprs., Moreower, the vsy of a
single instrument to perform desicearion oy dissschion as well
s to dntroduce fiuid also reduces the time haken to parform
the overall procedure, reducges the risk of causing harm to the
patient and alse reduces the risk of infection., More

generglly, imnjesction of fluld may be used to flush the

treatnent regici, €.9. Lo femove wasts groduots or femoved
tissue fo provide better vieibility when trsating. As
mentioned above, this may ke partienlarly ussiul in endescopic
procederes.,

The undersurface of the protestive hollY may have &
e X

Iongitgdinally extsnding recezsed channel formed therein, and

the fluld delivery mechanism may includs an insulating nesdle

guide tube mounitsd within and extends proximally from ths

regess channel, and a retractabile nsedis {e.g. hypoderaig
needlie) slidably mounted in the nesdle gulide tube. Ths nesdle
may have an outer diameter less than 0.6 mm, e.g. 0.4 mm. The
nesdle may be movable in the longitudinal direction betwsen a
deployved position 4o which it probbrudes bevond the distal ermd
of the instzument tip and @ retracted position in which it is
set back from the distal edge of the instruoment tip, e.g.
below the planar body or locates prowimsl To the plansr body.
Alternatively, the fliuld feed conduit may comprise a
tubular {2.g9. conical) protrusion intagrally formed in the
protective hull, e.g. on an undersurface thereof. The tip of
the probtrusziocn may have an outlet for a fluid passags, and
thus may act as a fixed needls-like tip for fluld injeotion
inte the tissus. The tip of the cone may project slightly

heyored the diatal tip of the plansy body.
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According toe the sezond sspect of the dnveatlion, there ls

providaed an interface joint for interconnecting an
slectrosurgieat generator and an electrozurgioal instrument

which mey be an ipstrument dccordinq to the first aspect of
the invenbdon), ths dnteriace ivint comprising: a housing made
of electrically insulating material, ths housing having: a
flrst inlet for pecelving radiofrsguency (RF) elechbromagnetic
{EM} emnergy and/or microwave freguency EM energy from the
elsctrosurgicael genexator, a seceond inlet for psosiving Filuid,

and an outlst; a single cablse assenbly for connecting the

osutlelt te the electresurgical instrument, the signal cable
azsembly comprising a flexible slesve that definss a fiuild
fiow path thar is in fluid communication with the second
inlet, and which conyeys & toaxial cable that is conneched o
The first inlet.

The slsciresurgical generator may be any device C‘pable

sneryy or microwave Irsquency EM snsrgy for

treatment of biological tisasune. For exanpls. the generats
deseribed in WO 20127076844 nmayv be used.

The electrosurgical Instrument may be any device which in
ugaz is arrangsd to uss RY EM energy or microwave freguensy EM
enecgy for the tregtwment of biclogiceal tissus. The
siscobrosurgical instrument may use ths RF BM energy and/ox
microwave freguency BEM ensygy for anyv or all of zesection,
coaguiation and ablation. For sxample, the iestoument may be

sotion device as disclessed herein, bup alternatively may

<

v
be any of a palr of wievewave Fforcsps, & snare that radiates
nldrowave energy and/Sor couplses RE ensrgy, and an argon heam
ceagulator.

The housing may provide 3 double dselation bavrier for
the gperater, 1.e. the housing may comprise an ouler casing
(first level of dsolation? that encapsuiatss a branched
passageway {(second level of iselatistyy within which the

various inputs are integrated into the single cable assenbly.

The branched passzageway may provide a waterbight wvaolume whi
definesy a fluid flow path between the secend iniet and the
outler, and which haz a filrst port sdiacent to the first inlet
for adnitting the ceaxial czable.

In use, the isterface Jjocint may be the logatiocn at which
Fluid for trgatment at the imstrument iz introduced. The

sperator of the interface joint mayv contrel the introducticn
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of fluid, e.g. via a gyrings or other flunid introducing
mechanism attached to the sscond inlet. The interface joint
may aizo inglude & fluld delivery deployment meshaniswm that
gcts to instruct or control fluid delivery at ths
electrosurgieal instrument. For example, the interface joint
may include a slidable trigger on the housing, the slidable

trigger belng attached o & push rod thab eztends out of the

hkousing through ths cubler. The push rod may extend throngh
the flezible shaft to the elschirosurgical dnstrument, where it
can control the fluid delivery structure.  For example, hhe
electrosurgical instrument may include a rairactaebls nesdle
that is switehabde dubo and our of Fluid communication with

-

exibple shaft by sliding the push

the fluid flow path in the £
zod back and forth.

In thiz arrangement, the branched passageway may includs
& zecond port adjacent the slidable triguer for admitting the
push rod.

Both the first port and the second porbh may comprise a
sealing bung which define
ocazial cable and the push rod respeotive
may be formed from a3 resiliently defornable material, e.g.
silicone rubber, whareby the coamial cable and push rod are
encapselated in the materxial as they pass theough ib. Bealing
the fixst and second ports in this way means that the ocaly
rovte for fiuid cul of the interface Joint is through the
outlist aleong the filuld flow path in the flewibls glseve,

The branched passagewsay may have any suitabis
configuration. In cne embuodiment, it is formed from a pair of

to each over to define

Y-shaped conduits, which are connect

a first leangth in line with the ouilet, a second length

extending from a side of the first length at an obligus angle
te the first length, and 3 third length extending from a sids
of the szecond length. The first length may have the push rod
extending through it and may terminate at is proximal end in a

gealing bung. The sscoond lsngth may have the goawial oable

runmwing through 1t may borminare at ive prowimed gnd dn 3

sealing bung. The thirzd length may termivate in whe sascend

port for recedving the fluid. In this arvangemeni, the

housing may have a pistel-1 shape. However, in -ancther
embopdimsat, the branched passageway may have a mors compact

configuration, i1 whicgh the diffevent lengths of thz
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passageway run seubstantislly parallel to each other. In this
arrangement, The housing may bes an elongate capsule sizsd bo
£fit din an operator’s hand.

The interface Jolnt may be particnlar suitable for
gathering 3 plurality of inputs ints a single cable asgenbly
{lem. thes multi-lumen cable assembly mentioned above) before
it d& inssrted through the instrument channel of an sndoscope.
Yo achieve thiz, the cable assembly may hayse an outer diameber
of 9 min o less, &.¢. Z. B mm or liss for s fiexiblie video
coloncscnpe.

In arder to facllitate manipulaticn of the instrument atb

the distal end of the instrument channel of the sndoscope, the

flexiblie sleeve may be provided with longivudinal bralds
thegeln to agsigt 1w the trassfer of torgus, 1.¢. to transfar
a twistdng mobtion at the preximal end of the cable assenbly bo
the distal end of the cable asssmbly, whsze it can cause bhi-
rotaticnal rotatiop of the instrumeni bscause the instrument
is attached to the cable assewbly. Ths flexible alesve may
comprises a innear tubes and an cubter hubs, which are bonded or
stherwise attached together with & tubse of metallised braiding

in betwesn. The piteh of the braiding may be variable along

the lsngth of the cable assembly. For example, it may be

uzefnl fo have & wider pltch in & fegiow 2.¢. & distal portion
of the sable, where flazibility iz dmportant. In ovder to
pravent the metallised breiding frem interfexing with the RF
field or mwicrowave field at the instrument, a distal portiosn
of the flexible slseve may be provided in which the hraidsd is
abzent. The distal poviion may be manufacturad separately and
attached (2.g. donded or welided) to the braidsd portion.

Tne housing may furither comprise a sbtraip velief slement

meurted in the outlet and surrounding the flexible slzeve.

The function of the sirain relief element is te Limit the
moevement. of the gsleeve in this logs £

Lon to prevent overflexing

that may damage the internal componsnis.
The Fiexible sleeve may compriss a puliti lumen tubs. The
lumens may be formed by inserting an eztruded separaior
alement inside & adngle Tumen tibs. The sxtruded sepsratoer
element may include a plurality of throeugh chanpels {e.g. two,
three or more). One of the through channels may cavry the
push rad {(if present). Ihe other channels may be left enphy,
which can ensuye that theys is always a opsn fluld ficw path
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kstwesn the instrumsnt and interface. jodot feor guiding the

b2

cakle and one or more througbh holes for carsying the

fluid feed condudl and conivnl wireis). The fluid flow path
may flood the Iinternal cavity formed by the flexible alesove,

and the ceoaxial cable e immersed in the fluids

& distal end of the puszh rod may be connected to a
proximal end of a needls ferpule, which has a needle clamped
o Its distal end. Ths ferrule may bz hollow, with one ox
meve cpenings 4in ILs ouber wall that cause ibts interior to bs
in fluid commupication with the fluid flow path through the
flexible sleseve. The distal end of the fsrrule may be opsn
such that the needls mounted in the distal end is in fluid

communication with the fluid flow path. The proximal end of

L

the ferrule may be sealed by the push ro

7

Booording te the third sspect of the inventiaon, there iz
provided 2 torgue transfer unit for zobabtiang sn
sdechrosurgical instrumsnt at the distal end of an endosceops
by transferring a user’s rotating forse tao a flexible siseve
connected o the slectrosurgicsal instrument, wherein the
torgue transfer unit comprises an elongate clamp avrangsd to

impart a grioping forcs alonyg & length of the flexible slesave

=

ot

hat 1les outside the endoscopes, the elsngate clamp

omprdsing: an upper elongste housing menber, a lowsr elongate

0

housing member pivortakly connectsd to the upper sluvngate
housing member and defining a2 passage for the flexible sleswvs,

whereln thie uUpper slorgate housing ‘membay and the lower

slongate housing menber are pivetable between a release
position in which the torgue btransfer wradt ig slidable up and
o, 1 which

B

down the flsxible sleeve, and @ ¢lamping posgi
the flexible slesve Iz gripped bstwesn the

it
upper slongate
nousing member and the lowsr slongate housing member.
The torgue transfer unil may thus be designed te slide
irwaly along the length of the flewible siseve to a position

that is gonvenlent for uss. Ongs Lin positics, the iforgue

tranzsfs=r undb can grip the sleeve by pivoting the uvppsy
elongate housing msmber -and the lower elongats housing membay
togethar, The torgue transfsr unlt may include a releszable
clip that allews the upper slongate housing member and the
lower elongate housing member to bs locked in plaes at any

point. The colip may be a resiliient latceh element on one of
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the upper elongate housing membsr and the lowsr elongate
howsing member, which & corvesponding eatch on the ofher.

fhe upper elongate housing membear apd the lawsr elpngate
housing member may each carrsy a U-shaped slamping member, the
i~shaped clamping members belnyg arranged to oppnse ohe anorthéer
Lo impart & stbstantially undform gripping presssurne on the
flezible slseve when the upper elongate housing member and the

lower slongate housing member are in the oclamping posirion.

3

In & preferred esmbodiment, an intermediate duformable grip
tube fs position arocund the flexible sleeve beotwsen the
flexible slesve and the U-ghapsd clamping mewmbers. The

intermediate grip tube may be made of zilicens or any other

suitable compliant material. In wuse. the intermadiate
deformable gilp tube grips ths flexiblse sleeve on tompression
and fixeszs the position of ths torgue transfer unit. The

intermediate grip tube agits to distribubs the load on ths

flexible sleeve which gan pyewsnt loc damage to the wall of
the slesve,

In use, when the diszstal tip of the electrosurgicel
instrument is correctly positioned relative te the distil end

of the flexil

endossope within the field of wiew gr the
endogoope’ s video moniter, 1t is loternded vhat the sndescopist
clamps and lecks the tergue transfsry undit a2t the exit point of
the flexible shaft from the endossope working channsl and
immediately adjacent to the endoscope ¥X-Y contzols. When
cramped in this locatisn the torzgue transfer unit providss

finger and thumb rotary and longitudingl pesitional oontrol of

the distal tip of the dnstrument. The variable positioning

llews the instrument

)

and clamping of the torgue fransfer unit
to bg used sndoscopes of dlifering lengths {e.g. flexiblis
endoscopes with working channels anywhere between 68 and 170
o Longd .

Herelin, radicfreguency (RF) may mean a ztablsz fixed
freguency in the rangs L0 kHs to 300 MHr and microwaws
Tregusoty may mean 3 stable fimed freguency in the range 300
MHz to 180 GHz. The RF enmergy should have a freguenoy high
enough e prevent thes energy from cagsday nesrve stimulation
and low encigh to preévent ths ensrgy from causing tissue

planching or unnecessazy thermal margin or Jdamage Lo the

viszus structure. Preferred spot fraquesncies for the RE
snorgy inclade apy one or morve of:r 100 kHz, 250 kHz, 400kdHz,
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500 k#z, 1 MHz, 5 MHz. Preferved spot frsguencisgs for the
Lorowave enexgy include 9135 MHz, 45 ‘@GhHyey 5.8 GHz, 14.5 GHz;

24 GH=.

Examples ewbodyving thse invention as discussed in detail
balow with refersnce to the acoompanving drawings, 1in which:

Fig. 1 is & zchematic view of a complets electrosurgery
system n which the presspnt invention is applisd;

Fig. 2 is & cross-ssgtional view of an interfage joint
that d& &n exmbodigent of the inventicn:

Bigs 3 Is a cub away pecvspective view of the interface
Joint shown in Flg. 2:

Fig. 44 is an exploded view of 8 torgue transfer unit

that is an ambodiment of the inventions

Fig. 4B iz a perapsechive viaw of the torgue transfey undt
4A din an assembled state;

Pig. & ig a schemativ penspeubive viagw of another
interfacs joint that is an embodimsot of the invention;

Fig. € 1s a schematic perspective visw of an integrated
interfacs joint and torgue transfer unit that is an embodiment
of the inwvention;

Fig. 7 is a schematic pasrespsotive view of another
invregrated interface joint ‘and torgue transfer unit that is an
enbodiment of the lavention;

Fig. B ls an exploded wisw of & distal end assembly fox
an sdkectrosurgeny devies Lhat is an swbodimsnt of ths

invention;

Filg. %A is a top perspestive view of ths diatal and
assenbly of Fig. € in an assembled state;

Fig. 9B is a bottom perspechtive view of the distal end
assembly of Fig. & in an assembled state;

Pig. 18 43 & grosg-sgctional view of an interface cable
suitabile fop Yse with the predant inventiong

Fig. 114 is & top view of a bipolsr structure used in the
distal end assenmbly of Fig. #:

Fig. 1iIB is a gide view of a bipolar structurs used in
the distal end aszsembly of Fig. B8;

Fig. 1iC iz a bottom view of a bipolar struciurs used in
the distal end aszsembly of Fig. 83

Fig, 128 iz view of a nesdle azsembly suitable for uss

a
with the catal snd asasembly of Fig. &;
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Fig. 12B is ‘an =snlarged creoas-sectisunal view through the

=
652

£
)
B
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sembly shown in ®ilg. 125;

wid Fiow

Fig. 13 i3 & schematic drawing 1llustezating a £
path through an interface cable thap is suitabls for use with
the pregent invention;

Pig. 14A is a top wview of & protective hull used in the
distal end asssubly of Filg. §;

Pig. 148 ds a3 cross-sectional view thvough the protective
aull used in the distal end asssmbly of Fig. #:

Plg. 158 ds a pevspestivs visw of a stopper used in the
interiace joint shown in Fig. 22

Fig. 15B is a cross-sectional wiew through the stopper
shown In

Fig. 163 iz & psrzpsctive view of & Y-shapsd connschor
used in the Lnterface jolut showd In ®ig. 2:

Fig. 16B iz a ¢roass-sectional wiew through the Y-shaped
connecter shown in Fig. 165;

Fig. 178 iz an isometric view of varigus stages in ths
fabrigation of a distal end asssmbly f0r an slestrosurgery
gevice that 18 an embodiment of Yhe invenrion: and

Fig. 17 is an end wview of the complete distal end

aasenbly shown In Pig. 474,

Various aspects of the present inveniions arve prassntad
n the oontext of an eledtrosurgery system that provides

an slectrosurgical invasive instrument for use in endoscopiv
procedures for the removal 9f polyvps and maligrent growbhs
through the contreoliled delivery of both microwavs and RE
SRErgYy. However, it 18 to bs understond thHEt the aspadchs of
the inwentlon pressnted herein need not be limited to this
particulary application. They may be sgually applicable in
embodinents whare only BF enevgy s reguired, or where only RF
energy and fluid deldwery is reguired.

Fig. 1 is a2 schematic diagram of a complete
electrosurgery syvstem 140 that iz capabls of ssleobively
supplying bto the distal end of an invasive elesgtrosurgical
imstrument any or all of RF energy, microwave snengy and
fluid, 2.g. saline ot hyaldronic agid. The system 100
comprises a generabtor 102 for contrellable supplying RE

electromagnetic (BM! enexgy and/ior microwave fregusncy EM
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energy. & sulitable gensrator for this purpose is deseribed in
WO 2012/076844, which is incorporated hersin by rafsrencs.
The gensrabor 102 is connected fo an interface jeint 106
by an lnterfoee cable 104. The interface jodnt 108 Lz alse
5 sennected Lo regelve a3 f£iugdd supply 187 from a flhuid delivery
gevies 108, such as s syringe, The interface joint 106 houses
& needle movement mechanmism that ds opsrsble by siiding a
trigger 110. The functlon of the interface Joint 104 is to
combine the inputs frowm the generater 102, flusd delivsry
14 device 108 and pesdle movemsnt maghsndism labto & single
flezible shaft 112, which extends from the distal end of the
funterfase J@int 106, ThHe interndgl configuratien 6f the
interfacs jednt 106 1z discussed in more detail below.
The flexible shaft 112 is insertable through the anbire
18 lerngth of an instrument (working) chammel of an endoscopes 114,
A tovgus tramsfer umit 116 18 mointed ¢n & préximal Iength of
the shaft 1LE between the interface joint 108 and enduscops
114, The torgue transisr unit 116 engages the shaft te pormit

t to be robasbsd within the instrument channsl of the

fra

20 sndozcape 114,
The filszible shaft 132 hasz a distal assenmbly 118 that is
zhaped to pasz through the lnstrument channel of the endoscops
114 -and preotrude te,g. inszide thes patlent) at the distal snd
o¥ the sndogcops®s tube. The distal end azsembly inpludes an
&5 active tip for delivering RFP EM snergy andlor microwave EM

ity bicglogical tigstes and a retracrable Ayvpodermic

for delivsring fluid., Thess combined technologlies
provide a unlgus selutidon for eubtting and destroving unwantad
tisgug and the ability to ssal blood vesssls around the
39 vargeted area. Through use of the rastractable hypodsrmic
needle, the surgeon is able to indsct saline and/or hyaluronic
acid with added marker dye between tissuss layers in crder to
distend and mark the positicn of a Iesion to be trsated. The
irfeetion of fluid in this manner 11fits and ssparatss ths
tilasue Yavers making it both esdsisr U@ régsgct dround the

(]
(S}

iesion and plane through the submucosal layer; reducing the

riak of bowsi wall perforaticon and unnsosssary thermal damage

fay

o the muzols laysr.

A3z discusgsed in morve detall balow, the distal assembly

5N
o

1i8 further includes a protective polymsr hull positisned

under the asetive tip to assist a tissue planing type ressctien
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action, again helping te protect against insdvertent
perforation and ensure wviability of the remaining tissue,
which in turn facilitates more rapid healing and. posh
opesration fecsviry.

The structurs of the distal assembly dizcussed below may
be particularly designed for use with a conventional steervabls
channsl with an internal

fiexihle andoscope having a working

gt

diameters of at least 2.8 v and & chanpel length of betwean
58 am and 170 ame Az such the majority of the coumpavatively
small diameter ess than 3 mm) instsunent s heoused within
the lumen of & much larger and predominantiy polymsy
imsulating device, i.s. the flezible endoscope channel, which
ftypdoally has 4n outer diameter of 11 mm to 13 mm. In
practice, only 15 mm to 25 mm of the distel assenbly protrudes
fvom the digstal snd of the endoscope channel, in order not to
blogk the field of view or adyvsrsely affect camerva fosussing.
The protruding pasxt of the distal assewbly is the only pustion
of the instrument that ever makes direct contact with the
patient,

At the proxiumal end of the endosvops working chamnel,
which is typicalily beld 50 com teo 80 em from the patisnt, ths
flexikie shaft 112 smerges from ths working chanmel port and
extends a durther 20 on teo 180 ¢ te the interfaces jodant LHE.
In use, the Interface Joint 106 is typioally held by a glowsd
agsistant throughout the procedure. The interfacs JSoilnt 148
is designed and manufactuzed frow polymer materials in sush 3
way as o provide primary anmd segondary elegtvigal iasulaticn
with axtended crzeéepage and clsarance distances. The interface
sablie 104 is conpnsched to the generaibor 102 using a OMA-bype
coaxial interface, which is designsd te allow gontimious

clockwiss or counter clockwise xotaticn. This parriis tne

interface joint 106 to rotate with the torgque transfsr unit
1ie under the control of the endoscopisit. 'The assistant
supports the dnterface Joint 108 throughont the procsdure in
order Lo assist the enduscopist with sympathetle iInshrzument

robation, nsedles controd and fludld iajsction.

Interface Joint & torgue transfer unit

Figs. 2 and 3 show the structure of an interfacs joint

129 that dis an embodiment of the dnvention. The interfacs
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doint comprises a hard plastic shell 128, which sacasss

geveral internal componsnbs. In g. 2 ang 3 one half of the
shell 122 is removed to show the inside of the Jgint. The
snell 128 iz ipn thes shapes of & BlEted, 1.4 L hag an uppsr
barrel porticn 121 and a lowsr adioining portion 123 which
extends away from & proximadl end of the tpper barveel porbion
at an obligues. angle., The upper barrel porticn 121 gontailns
the n=sedis movemsnt mechanism, while the lower adicining
portion 123 contiinzg the domnections for the fluid and ensrgy

The core of the interiace joinbt 120 iz & pair of Y-=shaped
conduits 124, 12¢ which are mated together to dafing &
branched passageway. The Y-shaped conduits may be made fronm
polysarconate or other suitable bhard plastic, and are shown in
more deball in Flgs 16K and 368, A first length 1828 of the
branched pagssageway 1s mountsd in and liss along the upper
baxzel portien 18L of the shell 122Z. The first length 128
recelves at 1ts proximal end a push rod 130 for controiling
deployment of the retractable nesdie. The push rod 120 hes a
crpoked prowimal sud 132, which ds pounted, eqy. haat shakesd,
in a nesdle slidsr 134, The nesdie slidsr 134 is siidably
motinted in the upper barrel pofition 131. The neszdie slider
134 includes a protruding thumb trigger 136 for moviang the
siider te and fro, which causes the nsedle o slids in and out
of the distal assewbly: The prozimal snd of ths first lsangth
128 iz sealed by a silicone bung 138, which is shown in more
detatl dn Figs. 1H5A and 15B.

A second length 140 of the branched passageway is mounted
in ang liss along the lower edicining portion 123, i1.s. at an
chligue angle Lo the firvst lerngth 128. The segond length 140
CcOnVeEYs a8 coaxigl cablis 14F fron & proximal QMA-tYDe connenitor
144 to the proximal end o¢f the first length 128, where it
meets the push rod 138 and exity the intsxface jeint 129
through the distal outlet 146, The (MA-type connectgr 144 is
connsered to the interxrfsce gable from the generatoar. The
Coaxial cable 142 may be a Sucoform 047 coaxial cable aoated
irm a 30 wm layer of Parzylene €. The coaxial cable 142 may
pags through & silicone aesallng plug 148 at the proximal end

of the secgeond length 140,

A thirzd length 158 of the branched passageway isads off

from the second lenghth 140 to provide a outward facing flunid
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receiving port 152, The fluid recelving port 152 may be a
threaded lusr lock fitting, for sealing engagement with a
suitabl
b 12

vatertight mannar, whereby fluid introduced at the fluid

¢ syvirige or the Iike. 'The #€aling plug 148 and the

3

cause the branched passageway bto bs ssaled in

recsiving poert 152 can only exit the interface deint 120
through the distal giiplen 146.

The distal ocutlet 146 of the interface joint receives
therethrough a proximal porticn of the flexible shaft 154 thar
is introduced into the instrumsnt chennsl of the endoscops
The flezible shaft conveys the fluid, push rod 130 and coaxial
cable 142 as discussed below. A proximal end of the fleziblie
shaft 164 is directly bonded into the branched passageway zo
that there 4is some overlap along the upper harrel portion 12%.
This bonded Jjunctilion Is masked by a covering 156 fe.g. of
silicone rubber) whdch fits like a stretched glove snd is
bondad in places The covering 156 opevates a3 a strain relief
giement, and also doubles as an end of shaft fiexibles bend
restrictor.

The primary usszr of the interface joint 120 may be the
giuddsonpist’ s ggsisvant. In use, the dpevataery typically
sffers the distal tip of the lnstrument to the endoscopist for
insertion down the working channel of the flezible endozcope,
makes the slectrical connection betwsen interfase foint 128

ard the larerface cable (which 1z copnectad to the genepaton)

and then supporbs the interface Joint 120 itseif throughout
the procedurs. During the procedure the operator can inject
the dizstension/marker fluids as reguired via % Lo 20 ml
syringes attached to the fluld receiving port 158 and operats
the negedls alider 124 as instricted by the enddscopist.

The flezibls shaft 15¢ comprises an outer camnula tubs

that contalins the goaznial cable 142, push rod 130 and fluid.

o

The speeific idnvternal structurs of the flexible shaft i
dizcuszed below with refarencs he Fig. L4, The distal
asssmbly s fixed to the cuter cannula tube in a manner that
means any rotation applied to the tubs iz passed to the disztal
agsamidly. BAceordingly, to permit votatable manipulation of
the distal zssembly, & torgues transfer unit is mountesd on the
fiexibie shaft in cxder s facilibtabs robation therew

Figs. 48 and 48 show a torgue fransfer unit 158 that is

an embodiment of the invenition. Esssatislly ths htorgus
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vransfer undit 158 1

g

an elongate clamypy that duparts a gripping
force along a length of the flexible shaft. By gripping a
ength of the shaft, the Torgue transfer unlt can apply a
lower mazimum pressure, and therefore prevenit damage to the
flewilbde shaft anmd its contents.

As shown in Fig. 44, the torgue tranzfer unit 158
cormprises an upper slongate housing menber 160 and a lower
slongate housing wmember 162, which are hinged togsether aboub a

pivet rod 164 at a distal ernd thersof. The upper elongate

-

housing menber 160 and the lower sicngais housing member 162
cach carry a U-shapad ¢lamping merier therein 1685, The
clamping members 165 oppose one ancther, wherehy pivebting the
upper elongate housing mepber 160 and the lower slongabs
housing member 162 relative to each other alters the distance
betwesn the clamping wembery 166, A deformables tube 188 is
mounted bebtwesn the clawmping members 166. The deformable tube
168 iz threaded cn te the flexible shaft, which passes though

ey
[
7

holes 3 in the diztal and proximsel faces of the torgue
transfer unit 158. In uss, the uppser elongats housing membar
188 and the Iovwey slongate houzing member 162 ave pivotabls
between a release position in which the torguse transfer unit
can be sligd gp angd down the flepible shafi, and a olamping
positien, in which the deformable tube 188 13 sguashed between
the ¢lamping membaers to lmpdet 8 ¢gripping force on the
fleziblis shaft. The upper elongate housing member 160 and the
lower elengate housing member 152 gan bs retained in ths
elamping position by a releasable clip 172. 7Ths distal sad of
the torgue transfer unit 158 has a series of circumfasrential
indentations desigmed 9 Be gripped by the thumd ang
forefinger of the opegator,; to favdlitate zotation.

Fig. 5 ds 3 purapectivs view of an interface joint 180 in
conjunchbion with a torque teansfer unit 158 that is another
smbhodiment of the dnvention. The torgue transfer unit 158 is
the same as that discussed above with refsresnce te Figs. 4A
and 4B and is not discussed again.

The intsrfacge Joint 180 in this enbodinment comprisss a
compact barrel-like body 182, which fagilitates zotation by
the endoscoplist’s assistarnt. In particolar, the intevrface
cable 104 is coanected in axial aligmment with the body 182,

S.0. Via sonap-fit rotary cgaxisl connector. The body 187

)

ingludes & nested harrel 184 for regesiving a syringe 188 to
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deliver fluid. The nested barrel 1284 may includs a viewing

window 186 to show How much Jfiuwld remaing.

In this embodiment, a nsedle slider control 180 is
mounted Lowards the ness ¢f the bhody 188 for thumdb control
whilsg the bady 182 is supported in the palm of ithe hand. The
alider 180 may have free regiprocal mevement as ia ths
enbodiment shown in Figs. 2 and 2. & latch mechanism (oot
shown} may be provided to lock and park the slider in the
fully retracted needle position. BAlternatively the slider may
have a spring-loaded sopion which biases the meghsnism into
the rebracted state., With the sprung lvaded option the user
fasziatant) would nsed to hold the slider forward against the
spring whilst indecting the fluid.

Fig. & 13 & perspscuive visew of a combined intsrface
joint and torgue transfer upit 182 that is anchther smbodimsnt
of the invention. ALl functions of the separats torgue
transfer unit and interface Joints disoussed abovae ave
provided hers within g single wmoulded assembly. However, the
compined unit i3 sot able to slide along the flexible shaft in

use, which m=ans that the instrument leagth should be closely

matched o the éndoszcope working channel lengith. Howsver, an

advantage of this arrangement iz that there is more Miorowave
powser available at the active fip in the distal asssmbly
recause a sheorter instrument length means less powsr 18 lost.

The Sombilged undt 182 comprises & wiilsted bBarrel 24 with
& fadetzsd distal end 1%6 to facilitate esasy finger and thumb
rotawy eontrolk. & nescle slider 198 is muounted towards the
Back of the barrsl 194 due to the natural hold and support
position by the endoscopist during these procedures.

As an alternative to ths needle slider 198, a hingsd
rocker type control lever could be used for sase of thumd
coptreol, With this design needle slider {or rocker) lateh
forward and back would be reguired or lateh back and sprung

forward control to enable gne handed operation and fluid

indtsction by the endosuopist; l.2. te give the endoscopist the

3

freedom Lo use Lhelr segond hand to held or manipulats the
SnaosTops .

Fig. 7 iz a perspsctive view of a3 combinsd interfacs
Toint and torgue bransfer unit 200 that is ancther embodiment
of the inventicn. The combined unit 200 is similsr fo the

device shown in Fig, ¢ excspt for a remote syrings fluid
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injection coupldrg 201. The combined unit 200 comprises 3

glim barrsli-like body 202 with a facsted distal end 204 and a

A
eedle shider F06 which Tunction az discussed sbove. The

202 has & slim, compact deszign because 1t does not also nged
to house a syringe. Instead, the body 208 is comnectesd to a

flanid receiving pork 208 via a fluid feed linzs 210. This
arrangement may wpermit the device fo be uszed with larger
syringss of unrsstricted barrel diameter: The hody in this
arranpgenent may algc be mors lightweizbt than that shown in

NIV

Fig. &. In this enbodiment the distal end 204 of the hndy 208

inciudes a racesszed flat face 212, which allows abubtted
location agalinst the endoscope port cap for addsd stability.
As with this device sshown in Pig. 6, thig scolutisn fas shown)
reguires the lnstroment length ©o b cicozely matohed 8 the
third party endoscops working channel length, and therehy
offers the petential for mors microwave: power availlability at
The instrument Tip.

It may be possible to build in short axigl adjustment of
up to 100 mm within the combined barrel-shaped units shown in
Figs. & and 7. This may enable the endoscopist to fine tune
the instrumsnt length to his/her flexible endesoopz of cholige.

This added functieonaliby could alse minimise the number of

e

product variants reguired teo cover the rangs of present day
thizd party endoscopes.

Flgs. 15&, 13B, 154 and 168 show further details of some
of the internal components of the intsrface joint.

i

=

s. 15&% and 18P avre respectively perapective and cross-—

25

ssotional visws of the bung 138 that seals the proxnimal end of
the first lsngth of the branched passagewsy. The bung

comprises a rotary luer lock fitting 249 and a integral

iing disphragm 248, e.g. wmadse of resiliently deformabls
rubber.

Figs. 165 and 168 show the Y-shaped condudts 250 from
wiich the branched passagsway is formed. ERach Y-shaped
concuit has a main linsawr channel betwsen a fipst inletr 252

and an osutlet 254, and a second channel at an obligue angle to

thre main linear channel, the sscond channel having a sscol
inlet and Jodning ths wailn linedy charnel about halfw

aleng its length. Bach of the first inlet 252 and the second

inlet 255 has & votary luer luock fibtving 258,
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Figs. 8, YA and 9B show dstalls of a distal assembly 214
comprising arn achive tip that is an embodimeni of the
invention. Fig. 8 shows an exploded view of the Conponents
that form the distal assembly 814, The distal azsenbly 214 is

meunted at the distal end of the outer cannula tubs 216 of the

flexible discussed above. In ordsr to
provide a funetiorn, the maitority of the outer

b

cannyla tibe 216 1& formed ¢f & bralded tube, a.d. oomprising
5 e N f

a braided wire {e.g. stainless sitsel) wrap mounted between a

radially inner polymer laver and a radially outer polymsr

layer. Howsver, Lo avoid The bpraid material from interferiag
with the deliver of RF andlor miorowave fregquanoy BM susrgy to
the digtal assenbly, & distsl softisn 218 af the oufer canmula

tulwe 216 1s made pur of the poldymer layers; i.e. without an

Internal bradd.

The distsl porvice 218 of the outer cannula layer 21
fits on Lo a corrssponding proximal part 220 of a pﬁotective
hall 228. The protective hull is formed from polysther ethsry
ketone (PEEK} or any other suliable englnearing plastic, and
ie shaped to perform & pumber of funetioms, i.es

< mount the distal ssszembly on the fiewivle shafi,

-~ provide a protective undersurfacs for the active tip.

provids & protective tousing fer the needlisy and

lncate The acgtivse Lip rsiative Lo the oosxial cabls.
The parts of the strugture of the hull 22% that perform theae
furictions ave discussed in more detaill below with referéncs o
Pigs. 142 and 148,

The diatal assembly 214 includes an active tip 224, which
is & plansr pisce of dielscgtric materisl {e.g. alumina) having
conductive layezs {(s.g. of gold) on its upper and lower
surfaces. The distal end of the aciive fip 224 15 curvedd
The conductive Lavers ars slectrically eonnested to the ilnnewr
and cuter conductozs of the coaxial oable 142 that is conveved
by the flexible shaft 216. At the distal end of the coaxial
cable 142, itz guter sgheath is removed to expose & length of
the cuter conductor 226. The inper conductor 22% of the
coaxial .cable extsads beyond the disztal =nd of the cuter
counductor Z246. Uhe ooaxial cable 142 and the active tip 284

are mountad relative to one ancther so that the provruding
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Lies on 3 first conductive

part of the iapner conducter 289
Iayer of The active Tip, whils the oubter gondudtor 224 is
brought into elesctrical connscticn with a second conductive
layeyr by a conductive adaphtor elenent 230,  The firat
condective laver is isclsted from the outsr conductor 226 and
the second condugtive layer is isolated from ths inner
conductor 22%. Further details of the configuration of the
actife tip ars dizcussed below with referente td Pigs. ¥Fl& te
£1C.

Wnen assenbled, as shown In Figs. %4 and 9B, ths active
tip 284 and coazial cable 142 are bonded to each othsr and to
the hull 222 by the application of ¢pouy adhsgive over the
porticn af the inner conductor 228 thalt projecta from the
outer conductsor. This spoxy adhesive alse serves to form an
gud pluog for the oubtsr gannula tube, i.e. & fluld tight zsal
that means the only exit for fluid introduced at the interface

icint iz through the nsedle.
3 &

Thae hull 282 includes a recess for retaining a nesdle
wide tube 232, 2.9. made of welyvimide. In use the distal

es@mbly 214 makes an intimate cgntagt with the patient. The

sedle 234 can be extended hevond the distal end of the active
wi; 224 and retracted to a position back inzids the guide tubs

732 via eontrol of the slider mechanism on the interface
doeint. In its extended positicn, the needle iz used by the
copizst to inject finid for the purposs of logally
ending and merking tissue. The coenductive layers on the
ive tip 824 form bi-polar slsctrodes for delivering RE
and/or microwave fregueney energy.

The needle guids 232 extends back iuside and prozimal to
the distal assesmbly to provide extended crespags clearance Lo
angiure BP/microwidve agtivation only octurs acrgss the distal
tip region of the active tip 284.

Similarly 1t can be sesn that the condupctive layer 235 is
ragesged baok in behind the distal tip region of the aetive
Tip 224, This is done on both upper and lowsr fases o
increass ths trackingdorespage diztancs at the prozimal snd of
the agtive tip, further ensuring that RF/microwave energy is
fogused btowards the distal end and intenticnal active slisment
of the tip.

Fig. 10 shows 3 tvpical Sross sscticn of the Flezible

shaft 154. The flexible shaft may run for 2.3 m lor 2.0 w),
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ise. the entire length of ths ilanstrument connecting the

interface Joint to the distal embly, Duping uss the

35
majority of this shaft leng sits withnin the working cohannel

of the fleaezible sndoscops. he Llesxible shaft 438 compelses
the outer cannula tube 1o {(i.&. ths braided tube discuased
above), which forms a fiuid tight canpuls 237 and slesctrical

barrisr betwsen userfpatient, and the coaxial Suenform cable

53

142 which in itzeif 18 furvher insuiated. The suter canniia
tubs 218 also houses a 3-~-dunmen PTFE sstruded tiule 238 whigh
provides a low frictien pathway for the push rod 130 and

3
stabdility/support te ths sonstyuctieon whilst epsuring a3 fiuid

parhway is maiptained along the full lsngih ig at
all times,

Through the length of the Flexible shaft 154, the coaunial
calbxle 142 {e.g. Sucoform 047 cable) forms one lumen of a
compoeite vonstruction with the braided and double insulated
cuber canmala tube 216 forpmipg the flexible pratectivs
instrument shaft. 7o manage the potential thermal visk posed

in use achbivation contrels may ke lmposed en the use of

microwave ensrgy by the genemator. For examples, dn the figst

appiication instangs activation may be limited to 20 s
(cortingous oghput), @nd vheredfver the average phiwed

wimal end of the distal assenmblv may beé

B

mizidende on tle pro
limited to 4 W. This contrel may be impossd independently of
the endoscopist, €.g. Via the gsnsrator sofiwarsg. With this

control in place a tempsrature of 40°C hasz been cbaerved affer

20 s continucus activaticn on the polymer suriase ¢f the

instrument shaft lwmmediataely distal of the interface joint.

Bfter 20 s the temperature then falls as further continucus

microwave activaetion by, the Endoscopist is aubomatica
o

interrupted by the generator softwars, Full 20 5 act

capaclity may be pravented entil 240 5 (12 » 20 .8) ha

f'u

In practice, 1t may not be necessary Lo achivat

coaguiaticn function Ior longsr than 10 & due to goncerns over

perfusicon at the Tip resulting in potential full wall
thickness injury o the bowel wall.

Figs. 11LA, 11B and 112 illustrate the dimensions of one
example of ap active tip 224 that can be used in snbodiments
ef the lnvention. The overall length of the achtive tip is
0.6 mm, with & maximum widith of 2 mm oand & height of 0.5 .

The layver of metallisation on the active tip hasz & thickness
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of CG.03 mm.  The curved distal end is manuisstured as a
plurality of radiussd ssctions of decrsasing length and radiug
Dowards the digtal tip. In this ‘onbodinent thsore sre five
different radiused section, but mors could Bé wisd. The
tength of zach ssetlen and dts corvesponding radius of

curvature 1g given in Table 1:

; \
iy
LIy

Takle L: Curvatuze af disptal end of active tip

As mentioned above, the conductive lavers on both surface
are set back freom the edges of the dislecbric substrate by a
distance of 0.2 mm along the proximal § mm of the tip., And to
ensure that the top conductive laver is iaslabed from the
suter conductor of the coaxial eable, the top conductive layesr
bectrio substrate

is selt back from the proximal sdge of the o
by 3 distance of 4.8 mm.

Fige. 128 and 12B dspict the transition from ths push rod
130 to the nesdle 234. A nsedis ferrule 240 is connected te
the push rod 130 af .2 proximal end thersof and iz connected to

the needle 234 at a distal snd theveof. & set of holes in the

3

ouber surface of the needle ferrule 240 purmibs ingress of
fivid from the flewible shaft for delivery oir of the nssdle
234. As shown in Fig. 12B, the push rod 130 asts as a stopper
in the prozimal end of the ferrule 240, vtherveby prazventing
fivild from escaping in the wronyg dizsction.

Fig. 13 illwstrates schewsticelly the flow panh for the
filuld. Immediztely proxinmal of ths distal assesbly the
injeated £iuig that has passsed down the flsmible szhaft 154
from the syringe is forged through four small redial holes 247
central to the needle ferrule 240 and thence into the

hypodermic nesdle 234 for injegtion into the patient,
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Figs. 143 and 14B show the shape of the pvebtechive hull
222,  As shown nore clsarly in Fig. 8B, the distal snd of the
null 1s shapsd toe permit the acbive tip to overbang 4t by

around .2 gin arecund the distal edgs sxcept at the distal tip.

The surfaee that coenbacts the upderside of the sotive Lip

therefore has a mazimum width of 2 mm, which narrows Lo 1.6 mm

tip in a digtal portion 825, The distal tip may bhe a singls
vadivesed curwve, e2.g. having a radius of 0.2 mm,

Meanwhile the proximal end of the hull definss an oblong
reoess for receiving the prozimal end of the active tip. The
shilong revess 1s pordersed by 4 pady of wings 2494 on sach side,
which act toe retaln and align the active tip as well as define
a voiume fov veceiving the adhesiwve that covers Lhe expossd
inner ceonductor of the coaxial acakle.

Fig. 178 ghows wvarious gtages in the asssmbly of a
distal end portion 3080 for an electrosurgical instrument that
iz ancther embodimsnt of the dnvention. The leftmost visw in
Fig. 172 shows an inger tube 302 made of e conductive
material. This inner tubs 302 represents the irmer conduchor
af the coasial fesd dWiscuszed sbove. The second visw fiom
left in Fig. 174 shows an ocuter tube 304, which first aver the

3Ny

inner tubes 302, The guber tubs 304 may be formed as a tube of
insulating dielectric material having a conductive coating on
its ourer surface. The conductive coabting acts as the outer
condustor ¢f the Tosxial fezd.

At the distal énd of the oubsr tube, & gportiss of the
conductive coating is stched away te exposs & porticn 308 of
disglectric materisl. An islapd 308 of conductive coating 1s
left on the top surface of the cuter tubs at its distal end.
The island 208 iz szepavated {i.e. elecirvically isclated) from
the rest of the conductive coating 304 by the exposed portion
206 of dielectpic material. A tongusg (not shown) of
conduckive sosting is formad gn the bottom surfage. of the
outsr tube at its distal snd with & simidisr shape angd size Lo
the island 308. However, the Longue remalnz in slectrical
contact with the rsst of the conguchive coating, i.s. it 1s an
extensign of the outer conductor.

B hele 310 {(e.g. having a diameter of 1 mm} is formed in
the island 208 through the conductive coating and insulating

distectric materlal, thereby exposing the inner tube 3082. The
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ale is then filled with @ vsnductive material {e.g. epowy

s

silwery 4dn order teo slsctrically connect the inner tube 302

withh The isiand 308. As a result, the distal end of the outer
vube has two opposed electrical contacts on its suter surface.

5 A first contragt (the islamd 308} is in slecirisal conneciion
with the ianer tube 302 {i.e. irnsr ¢onductor) and a sscoond
contact (the tongue) i3 in slectrical connection with the
conductive cuating of the outer tube 304 (i.e. cuber
condoctor) .

0 This thipd Glew frop Jeft in Pig. 178 shows fhe néxn shage
in asszémbly, where an instrument tip 312 is inserted into the
distal end of the outer tube 384, The instrument tip 317
comprises & planar piege 31 of rigid dlelestrie, #.4.

ceramic, such &s alumina. The outer tubse 304 has itwo opposing

P 314,

ot
5

tabs 314, which can recsive and retain ths planar

e.yg. as an interference fit or uwsing suitable adhesive.

The side sdges of the planar pisge 314 tapesr in & gquasi-
parabolic manner towards the distal end thergof. The flarn
upper and lowesy surfooss nove conduotive layers, &.9. of golid

20 or-a2ilver metallilsation; formed theresn. The upper laver 318
is wvigible in Fig. 174,
The right most view in Fig. 178 shows the final stage of

as;embiy, in which the first and second contacts ars

a5 conductive layers on the instrument tip: 31Z using a plece of
eonductive fodd 318,
Fig. 178 shows an snd view of the distal end pertion 300
after zssembly. Heare 1t can ke sesn that the lower pisce of
conductive foil 3320 has a hole 322 formed therein through

30 winich the resitractable needle discussed above can passa.
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CLAIMS
L. An electrosuvrgical instrument for applying te
biclogical tissue radicofregusngy (RF] electromagnstic (EM)
enengy andfor microwave fregusacy BM energy,. the instrument
comprigsing:
an ingtrument tip cowmprising & planar body made of a

ir dielectric material separating a first conductive

i
H
&
ot

Yy

shament on a Fivst surface thereo frow & seeond conductive

{

element on a second surfacse thereof, the sscond surface facing
in the spposite directidn wo the Fivret surfags;

al feed cable comprising an inner conductor, an

3 coaxl
cuter conductor coazial with the inper conductor and a second
dielectric material ssparating the inner and ouber gonductors,
the coaxial fesd cable being for conveying an RF signal and/or
a microwave signal; and

a protective hull comprising & third pilece of dieleotric
material mounted bto cever the underside of the planar body,

wherein the inner condhictor 9 slestrigally connsoned s
the first conductive element gund the suter conduster iz
slactrlically connected te ths sscosed condunbtive element to
enable the instrument Lip ©o zecsive the BF signal andfor the
microwave signal,

wherein the protegtive hull has a smoothly contoursd
coavex undsrauriace facing away from the planar bodys

wherein the planasr body bas & tapering digtal sdge, and

wharsin The underside of the planar body estends heyond
the protective hull at the tapering distal edge,

Ze An eleactrosuzgical instrument according to claim 3,
wherein the underside of the plenar body sextends beyond the
proftactive hull ab the tapesring distal edgs §.2W or lsgs,
whors w 13 the maxipmum width of the planar body:

e Bne slsctrosurgliesal instrument accordi;g to ¢laim 1
or 2, whersin The tapering diztal sdge satends arzound a distal

thirvd of planar body.
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4. An electrosurgical instruwent sccording to any
praceding c¢laim, wherein the tapering distal edge compriszes a

radiuvsed distal tip.

L An electrosurgical instrument according to any
preceding ¢laim, wheredin the tapering 4igtal sdiye 1z &

CoNTInUons: QUIVe.

G, An electrosurgical instrumsnt according to claim &,
whersin the tapsying distal adge has curvsture formed from a
plirality of contiguous radiused sseticns, each radiussed
section having a radiuy of curvabturs lezs than its prozimal
neighbour.

7. An slectrosurgical instrument acoording to any
preceding cladm; wherein the planay body has a length of
between 5w and &w, where w iz the maximum width of the pilanaz

body.

g. En electrosurglcad insirument asccordinyg to any
preceding glaim, wherein the maximum width of the planar body

18 % mm or lsss,

2, An slechtrosurglcal instrument acsording toe claim 7,

whereln the mazlmum width of the planay body is 2 mm or lsss.

10. An elevtrosurgleal lustrument Sodoyding to any
preceding claim, wherein the first and sscond condustive
elements each compriss a layers of metelliisation, the layers
of metallisation being formed on cppesits suxfaces of the
firvet diglectric material.

1. An electrosurgical instrument aceording to elaim 10,
wherein the lavers of metallisation ars set back from thes side
agdges of the first dielectrig material in & proximal ragion of

the pianaxr body.

12.  BAn electrosurgical instrument accoording to claim 11,
wherein the proximal reglon comprises the region of the planar

body prowimal to the taperiny distal end.
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12 En glectyeosurgical Irnstyunent ascording bo siainm 1l
vr 12, wherein the layers of metallisation are set back by 0.2

.

14, An electresurgical instrument according Lo any
praceding claim, wherein the protective hell 18 meads from

palysther sther ketons (PERK) or ceramic.

15y 2n electrosurgical instrument acoording to any
pregeding ¢lainm, wherein the protective hull and firs:

dielectric material are formed in one pisge.

8.  An electrzosurgicel instrument ageerding to any
proceding glaim, wherein the protective hull is selectively
matallissd o form pgerty of the flipgt conduotive element op
second conductive element.

1%,  An electreosurgiceal instrument according Lo any
preceding c¢laim including a fluid feed conduit for conveying
fluid to the instoawment tip foy delivery ouhn of ths

inatrumsnt.

18, En electrosurgical lustrymemt socording bty oledw 175
wharein the filuid feed conduit comprises a slesve that defines
a dumen for transporting fluid to the instrument tip, ths
siesve having thes planay body and protective hull secured at a
distal end thersof, and being arranged to carry the coaxial

cable in the Iumen,

LS. An electrosurgleal inatrumsot aceording to claim I8
including a fiuid delivery mechanism mounted at the distal end
of lumen of the zlesve, the Tluid delivery mechanism being
operable. to deliver fiunid from the lumen through ths
protective hull.

20, Ap siscbrzosurgical insbrement sooording e elaim 18,
witergin the undersurfacy of the protecbive hell bas &
lengitudinally extending recessnd chviimel formed thersin, #ng

wherein the fluld delivery mechanism includss an insulating

neaedles gulide tube mounted wilbhin and sxztends proximaiily from
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the recess channsl, and a reiractable nesdle siidably mounted
it the needle gunide tubs.

2i. An electrosurglical instrument acceording te claim 18,
wherein the undersurface of the proteghbive hull has a tubular
protrusion integrally formed therein, the tip of the

protrusion having an cutlet faor ev%ecting & fluid.

s

2, An isterface doint for interconnecting an
slectrosurglioal generator arngd an electrosurgical instrument,
the interface Jjoint comprising:
2 housing made of electrically imsulating material, the
housing having:
a first inlet for recsiving radicofreguency {(RE)
electromagnetis {(EM) senergy andlor microwave freguency BM

5

cnergy from the slscurosuvglicad gensratary,

inket for rsesdwdng fluidy, and

d SR

oL

an outletr:
a singles cabls assewbly for comnnecting the outlet Lo fhe
elgotrogsurgical instrument, the signal cable assembly

Comprising 4 flexible slesve that defines & fiuld flow path

that ie in fluld comnenieation with the second inlet, and

which conveys a coaxidal cable that Is connected to the fipst
inlet,

23+ An interface Joint sccording teo claim 22, wherein
the housing includses an intewnal watertight branchsd
passageway which defines a fluid flow path betwsen the ssoond
inlet and the outlet, and wherein the branched passagoway has
a first port adigcent to the first inlet for adwmitting the
¢oaxial cablis.

24 .  An interface Joint sgcoording to olaim 22 incleding a
siidable trigger on the housing, the slidable triggsr being
athached o a push od that exténds out of ths hwusing theouwgh
the outletb.

25, Apn intertface joint sccording to ¢laim 24, wherein
the housing includez an dnternsl watertight branched
passageway which deflnes a fluid flow path between the second

inlet and the outlen, aml wherein the branchsd passagsway has
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a first port adjscent to thes first inlet for admitting ths
coazial cable and & ssocond port adiacent the slidablie trigger

Eor admitting the push zod,

26.  &An iuverface toint accordiang o claim 23 or 25,
whrsin the first port vomprising a sealing bung which dsfine

& watsrtdght passage Ffor the coasdal cable,

27. An interface joint sccording to cledwm 2% or 25,

wherein the zseond port comprising & sealdng bunyg which

e

efines a watertight passage for the push rod.
28, An dnterfage joint agcording te claim 23 or 25
wherein ths internsl wahentight branched passageway is formed

from a pair of Y-shaped conduits.

2%. An dinterface Jjoint according to any ope of clalms Z2

g 23, whezgin gaebls aszewbly haz an ocuter diameter in the

rangs 1.2 mm o 9 mm.

3G, v dnterface jedint according to any one of oladns

o 29, wherein the flexible slesve has spiral woung

¥

inforcement gr zpirel wound multiple cross braiding therein

ot
6 N ]

saist dn the trausfsr of Lorgus.

Qi
7

21. An interface Joint according te claim 390, whsrein
the spiral wound reinforcement or spiral wound nulitiple croas

raiding have a variaple pireh.

32 An ianterface foint accoxding to any one of claims
to 31, wherein the housing comprises a strain relisf element

mounted in the outlet and surrounding the flexible sleeve.

33« An interface joint according Lo any one of claims
o 38 having a coazxial gable attached to the first inlet via
interfarve gonpmevbion, wherein the interface connention is
arragge to pwrmit relative rovation of the intgrface joint

rtelative to the doaxial cable.

fates
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4. An intexface jJolint according te any one of claims 22

teo 33, wherein the flexible szslseve comprisses a multi lumen
tukes,

')lf
I

B

1 interface joint according to craim 34, whersin

. ir
the flszibles sleeve includss an eéxbruded separator element

inszerted insids single lumen tube, the extruded separator

Bt

siement lneluding a plurality of through channsis,

36. 2n dnterface joint ascording to claim 28, wherein a
digtal end of the Dush rod Is connscted v a proywimal snd of a
needle forrule, which has an dnternal velume in fluid
sommundcation with the fiuid f{low path through the flewible

sieeve, and whereln a nsedle is mounted in the distal end of

the nsedis feryule in fiunld communication with the internsl

volumsa.

37, An interface joint asveording to any oneg of glaims 22

.

5

to 26, wherein the housing iz an elongatse capsule sized to Fit

in. an eperator’s hand.

35, A torgue transfer unit for rotating an
elechrosurgical dnstrument ab the distal end of an sndoszcupe
by transferring a user’s zobabting forees to a flexibls sliseve
connected to the elegtrgsurgical instrument, whersin ths
torgus traansfer undl comprises an elongate clamp avranged o
impart 3 gripping force along a length of the flaxible sleevs
that 1

comprising:

ies cutside the sndossope;, the elongste clamp

an upper elongates heousing member,

a lower elongats housing member pivotably conngoted to
the upper elomqate housing member ard defiming & passage for
the flezible slesv

wherein the upper elongats housing member and the lower
elongate housing member are prbtabla between a release
positien in which the toprgue transfer upnit is slidable up and
Gown the flexibls sleeve, and a clamping position, in whigh
the flexibls slseve iz gripped betwaen the dppsr elongats

Bousing membar .and the lower slongats housing member.



33, A toroaue transfer unilt according to claim 3%,
wherein the upper elongate housing member and the lower
elongate housing member each carzyy a U-shapsd ¢lamping member,
the U-shaped clamping membears helng arrangsd to opposs one
anothier to impart a substantially uniform gripplng pressure on
the flexibkle slesve when the upper slongats housing member and
the lower elongats housing member are in the clamping

position.

40, A vorque transfsr unit according te claim 38 or 39,
whgrein Lhe uUpper elongate housing member and the lows:r
elongate housing member are retaloebls in the clamping

position by a releasable clip.

4L, B torgue trxansfer unit aceording to any ons of
claima 38 to 40 including an intermediate deformable grip tube
5 position around the flexible slesve betwssn the flexikle

sleeve gnd the U-shaped clamping members,
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