PR

<]

ELECTROSURGICAL APPARATUS FOR DELIVERIKG RF AND/OR MICROWAVE
ENERGY INTC BIOLOGICAL TISSUE

TECHNICAL FIELD

The inveniion relates to an electrosurgical apparatus and
device for delivering radicofreguency and/or microwave
frequency ensrgy into biclogical tissue. In particular, the
invention relates to an electrosurgical instrument capable of

delivering radicfreguency (RF}) energy for cutting tissue

and/or microwave frequency anargy for haemostasis (i.e.
promoting blicoed coagulation). The inventicn may os
particulariy sultable in gastrointesztinal {(Gl} procsdures

=

assuclated with the lower and upper GI tract, e.4. to reamcve

polyms on the bowsl, i.e. for endoscopic mucosal resection, or
endescopic submucozal dissection. The invention may also lend
itself to other procedurs, e.g. in general surgery or

iaparcscoplc surgery. The invention may find use in sar,

nose and throat procedures and liver ressction. The davice may
alsc be used to address procedures asscciatsd with the

=

pancreas, ©.g. to resect or remove tumours ox abnormalities in
t ancreatic duct.

close proximity to the portal vein or the p

BACKGROUND TO THE INVENTION

Surgical resection iz a2 means of remcviang seciticns of
organs from within the human or animal body. Such crgans may

be nighly vascular. When tissue is cut {(divided or

transected) s 1 blood vessels called arterioles are damaged

cr ruptured. Initial bieseding ig followed by a coagulation
cascade where the blood is turned inte a cliob in an atiempt to
plug the bleeding peoint. bDuring an operation, it is desirable
for a patient te lose as little blooed as possible, so various
devices have been develcped 1n an attempt to provide blood
free cutting. For endoescoplc procedures, bleeds are also
undesirable, and need to be dealif with in an expedient manner,
since the blood flow may obscure the operater’s vision, which
may prolong scergery and potentiaily lead to the procedure
needing to be terminated and ancther wethod used instead, e.g¢.

OPEen Surgery.
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Eilectrosurgical generators are prevalent in hospital
cperating theatrez, often for use in open and laparescoplc
procedures, and increasingly for use in endoscopy sultes. In

end,scopic procedures the electrosurgical accessory is

typlcally inserted through a lumen inside an sndoscope.
Cornsidered against the eguivalent access channsl fox
laparoscopic surgery, such a lumen is comparatively nacrrow in
re and greater in length.

Instead of a sharp blade, it is known to use

ey

radiofrequency (RF)} energy to cui biological tissue. The
meithod of cuttipg using RF #nergy operates using the principie
that as an electric current passss through a tissue matrix

{aided by the lonic centents of the celis and the

intercellular electrolyites), the impedance to the Lilow

electrons across the tissue gansyates heat. In practi

instrument is arranged Lo appiy an RE velibage across the
tissue matrix that is sufficient to generate heat within the
cells to vaporise the water content of the tissus. Howevar,
as a result of this increasing desiccation, particularly

adjacent to the RE smitting regilon of the instrument {which

haz the highest currant density of the current path through
tissue}, direct physical contact bstween the tizsue and
instrument can be lost. The applied voltage then manifests
itself as a voltage drop across this small veid, which causes
ionisaticn in the vold that leads to & plasma. Flasma has a
very high volume resistivity compared with tissue. The energy
supplied te the instrument maintains the plasma, i.e.
completes the siectrical circuit hetwesn the instroment and
the tissue. Volatile material entering the plasma can be
vaporised and the perception is thersfcre of a tissue
dissecting plasma.

GR 2 472 972 describes an electrosurgical instrument in
the form of a spatula comprisimq a planar transmission line
formed from a sheet of a first dielectric material having

first and second conductive layers on opposite surfaces

thereof, ths planar transmission line being connected to a
coaxial cable that is arranged to deliver either microwave or
RF enargy to the planar transmission lins, the ceoaxial cable
comprising an inner conductor, an cuter conductor coazial with
the inner conductor, and a second dielectric material
separating the outsr and lnner conductors, the inner and cutexr
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conductors extending bevond the second dielectric at a
connection interface to overiap opposite surfaces of the
transmissiocn line and electrically contact ths first
conductive laver and sacond conductive laysr respectively,

The Tivst conductive laver is spacsed Ifrom the end of the
trapsmizsicn line that abuts the coaxial cable te electrically

isolate the outer conductor from the first conductive la

and also the distance of the gap is involved with matching the
impedance of the energy delivered from the microwave source

the impsdance of the biclogical tissue, and the width of

the first and second coanductive layers iz also selected o

A, B

help create an lmpedance watch between the transmission line
and the coaxial cable.

The apatula configuration set forch in GB 2 472 972
provides desirable insevtion loss betwsen the co-axial feed
line and the end radiating secticn, whilst also providing
desirables return loss properties for the edges of the spatula
when in contact with air and bieological tissu respectively.
In mors detail, the insertion loss aleonyg the structure may be
less than 0.2 dB at the frecuency of interest, and the return
loss less than {more negative than) -1 dB, preferably less
than -10 dB. These properties may also indicate & wsll
matched junction between the coaxial cable and the
transmission line spatula structure, whereby microwave power
is launched efficiently into the spatula. Similariy, when the
edges of the apatulia are exposed to alr or bislogical tizsue
that is not ¢f interest, the return icss may be substantially

zero (i.e. very little power radiated intec free space or

undesirable tissue), whereas when in ccntacti with desirable
biological tisgsue the return loss may be less than (more
negative than -3 dB, preferably less than ~10 dB {i.s. the
majority of power in the spatula is trensferred to the
tissus) .

The dastrument discussed in GB 2 472 972 is intended to
radiate microwave energy from the edges of the planar
transmiszion line to cause localised tissue ablation or
cragulation.

GB 2 472 §7% also discloszes that the spatula discussed
above may have an RF cutting porticn integrated therswith.
The RF cutting portion may be formed by using the first and

second cenductive lavers mentioned above as active and return
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electrodes for RBRF energy. Thisz arrangemsnt mayv tCake advantage
uf the fact that the ac

ve and return electrodss ars 1In

proximity to one ancother, thus setting up a preferential

return path to enabls local tissue cutting action to take

pilace without the nsed for a remote return pad or a highly

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

In this exampls, the RP cutting portion may comprise a RF
voltage source coupled to the planar transmission line, a
frequency diplexer/duplexer unit (or signal adder;} cowmprising
a low pasg filter to prevent the high freguency microwave
energy from going back into the lower freguency RF energy
spurcs and a high pass £ilter to prevent the lower freguency

R¥ energy from gecing back into the higher freguency microwave

energy scurce. [In one arapie, ths frequency

diplexer/duplsxer may be used to spable ths microwave and RF

snergy sources to be combined at the generator and ds rered
along a singlie channel, e.g. co-axial cable, waveguids
asgembly 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 a blendsd mode of operation.

SUMMARY QF THE TNVENTICH

The present invention develops further the spatula
concept discussed in GB 2 472 372 and the manner with which it
interfaces with a gensrator that provides RF and/or microwave
ensrgy for trzatment.

In a first aspeci, the inventicn provides an further
optimised configuration for the distal end of an
electrosurgical tool for controliled resscticn of biological
tissue.

In & second aspect, the invention provides an interface
joint for integrating into a single cabie assembly all of (1)
a fluid feed, (1i) a needle movement mechanism, and {iii} an
energy fzed {e.g. a cable supplilying RF and/cr microwave
energy) . The cabls aszembly may be sized teo fit through the
instrument chamnel of a conventicnal sndescope.

In a thirxd aspect, the invention provides a torgue

transfer device for permitting controlied rotation cf the
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cakle assembly within the instrument channel of the endoscops.

The intsrface joint and torgue transier device may be

inteyg as a single component.
According to the firast aspect of the invention, there is

providad an electresurglcal instrunment for applying to

biological tissue radicfrequency (R¥} electromagnstic (BEM)
energy and/or microwave frequency EM snergy, the instrument
comprising: an instrument tip comprising a planar body mads of
a first dielectric material separating a first conductive

srmant 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
cabie comprising an innsr coeaductor, an cuter coanductor
coazial with the innsr conductor and a second dielectric
material separating the inner and cuter conductors, thsa
coaxial feed cable being for conveyving an R¥ signal and/or a
microwave signal; and a protective hull comprising a thirxd
plece of dielectric material mounted to cover the underside of
the planar body, wherein the inner conductor is electrically

ve element and the outer

connacted to ths first conduc
conductor is electrically connected to the second conductive
glement to emable the instrument tip to recelive the REF signal
and/or the microwave signal, wherein the protective bull has a
smoothly contoured convexz undersurface facing away fTrom the
pilanar body, wherein the planar body has a tapering distal

dy extends

&)

edge, and wherein the undsrside of the planar b

I

heyond the protective hull at the tapering distal edge. This
combrination of features repressnits an optimal configuration
that kbealances the accuracy of treatment at the distal tip

{wnich is enhanced dus to the extension of tha planar body

ocvay the protective hull) with the ease of safe manipulation
of the instrument (due to the protective hull itselfl}.

The pertion of the underszide of the plarar body that
extends beyond the protective hull at the tapering distal edge
may be tarmed the extension zone. The sxtensicn zong may be
uniform arcund the psrimeter of the tapering distal edge.
Alternatively, the extension zeone itssif may taper in width
towards the distal tip ¢f the planar body. The tapsriang may
be between a miniopum value at the distal tip and a mazximum
value at the proximal end of the tapering distal =sdge. Thars

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

i



hull may be cocatiguous (i.s. £lush) with the planar body at
that point. 7The sxtension zcons may ke sized to provide a
beneficial impact on The energy fielda emitted by the device,
but without adverselvy impacting the function of the prcotective
null.

(923

The magnitude of the extensicn zone may be relztsd to,

¢.qg. in proporition to, the geometry of the distal nip. Ths

a

planar body may have any dimensions suitable for use in
particuiar procsdure. For example, for endoscopic procedures,

3 the instrumeni may have an overall ouber diameter of 2.3 mm or
less, preferabiv 1.2 mm or luss. The width of the planar body
may thus bhe Z sm of less. However, other procedures may be
less restriciive, wherebhy the width of the planar boedy may be
vp to 2 mm. The width 0f the extension zone, i.e. The

distance by with the tapering distal edge extends heyond ths

(913

protective hull 1n a direction normal to the edge of the
wvrotective hull may be 0.2w or less, preferably 0.lw oxr lesas,
where w 1is the maximum width of the planar body {i.e. the
maximuw dimenszion of the planar ocdy in the direction of the
20 diameter of the lumern or catheter through which it is iaserted

wplanar body having 2 width of Z mm, the

£

in use. Thus, for a
extension zone may have a maximum width of 0.2 mm.
In use, the first and second conductive ciements may be
arransed teo provide a local return path for RF energy, i.s. a
25 low impedance rcute for BF energy Lo be transported belbwesn
the first and second conductive elesnmsnts. The first and
ond conductive elements may be laysrs of metallisation
formed on opposite surfaces of the first dielectric material.

The first and second conductive slements may hbe arranged to

30 zet up a local electric field at a ¢ontact region in which the
instrument tip makes contact with the bioclogical tissue. The
local eleciric field can be extremely high, which may cause a
microplasma {i.e. a hot thermal plasma) to be formed at the
diztal side portion of the planar boedy, 2.g. where contact is
s made with the bkiological tissus. The microplasma may be

dezirakle in terms of achieving efficlent cutting.

Meanwhile, for a microwave signal, the instrument tip may
ke modelled as a parailel plate transmission line with the
planar body representing diele ic material separating Two

4 conductive plates. The radiation pattern of the microwave
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frequency EM energy in this case depends on the cverall shape
of the planar body and the microwave feed structure. In this
particular instance, the gap at the proximal zsnd bketwesn the
co-axial feed line (centre conductor) and the upper conductive
layer piavs an important role in ensuring that the microwava
energy from the source is matched in terms of impedance with
the load lmpedance preszented by the tissue. The overall length
of the planar ifransmission iine arrangenment is also important
in terms of matching the impedance {(or the energy delivery) of
(or from) the coaxial transmiszion line with {(or into) the
biclogical tissue, l.e. the structurs mayv form a guarter wave
impedance transformer or a half wavsiength resonator. Using
known simulation tecols, this may be wodelled to control from
witich edges the wmicrowave frequency EM energy is radiatsd.
For example, the instrument tip may be configured to inhibit
radiation of the microwave EM radiaticon from a distal edge of
the planar body.

The tapering distal edge may have any suitable profile,
e,g. obtained by computer mandsiling the device in particular
use configurations. The tapering distal edge may be curved or
straight or a compination of the two. For example, the

=

tapsring distal edge may comprise a straight taper terminats

$h

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

tip. The tapering distal edge may extends around a distal

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

edge may have a curvature formed frem a plurality of

contiguous radiused sechtions, each radiused secticn having &
] -

radius of curvature less than its prozimal neighbour. There

may be three of more section of different radii. The

plurality of contiguocus radiused sections mav be arranged 1o
glve the curved distal edge a guasi parabolic shape.

As mentionad above, the width of the planar body may be
dictated by the intended use for thas instrument. In
endoscoplc procedures, thes width may bs 2 mm or lsss, whereas
for other less restrictive procedurss the width may be up to 2
mm, e.g. any of 8 mm or less, 7 mnm or less, & mm or less, 5 mm
or less, 4 mm or less or 32 mm or less.

The lengith of the planar body (including the tapering
distal end) may be related to, e.g. in proporfion with, its
width in order to deliver the RF and/or microwave frequency

energy most efficiently. The length of the planar body may
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thus he about 5w, e.g. between 5w and 6w, preferably 5.3w

where w is the maximum width of the planar body.

gmbodiment, the planar body has & maximum width of

In ons
2 mm and a mazimom length of 10,6 mm. In this smbodiment, the
tapering distal edge may comprise a plurality of contiguous
radiuzed sections consisting of a first radiused secticn
having 2 length of 1.5 mm and a radius of curvature of 12.4
mm, & second radiused ssction having a length of 1.0 mm and &
radius of curvature of 10.2 mm, a third radiused secticn
having a length of 0.7 om and a radius of curvature of 3.2 mum,
a fourth radiused section having a length of §.2 mm and a
radivs of curvature of 9.85% mm, and a fifth radiuvsed section
having a length of £.1 mm and a radivs of curvaturs of 0.35
o,

The first and seccnd conductive elements may €ach
comprise a laver of metallisation, the layers of metallisaticn

being formed on opposite surfaces of the first dielectric

material. The layers of metallisaticon may be sat back (=

oy 9.2 mm} freom the side edges of the first disisctric

material in a proximal rzsgicn of the planar body, to reduce
the field strength at this region. The proximal region may
comprise the region of the plarnar body proximal to the curved
distal end. This may help concentrate the ensrgy delivery at
the distal end. The inner conductor and ouitasr conduchtor may
contact the first and second conductive elements in a coaxial
mannsr, i.e. the first and second conductive elements may be
shaped to be symmetric abocet an axis running along the planar
body frem the ccaxial feed cable.

The utndersurface c¢f the protective hull may smocothly
taper at its perimeter o meet ths underside of the planar
mody. The thickness of the protactive hull may also decrease
towards the distal end of the instrument tip. Thua, ths cuter
pertion of the protective hull may have a convex profile. The
undersurface may have a loangitudinally extending recesssd
channel formed therein. The tapering edge profile and
recesssd channel may cause the undersurface of the protactive
hull to comprise 3 pair of ridges. The tapered coniormal

flowing form ©f the hull may raduce the risk of the instrument

ility to glide.

digging inte collateral tissus alding its a

For example, this shape may reduce the tisk of the instrument
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digging into the bowel wall and causing a bowel perforaticn cr
may protect the portal vein or pancreatic duct from being
damaged. The particular dimensions of the hull {e.g. length,
width, thickaness, etc.) may bs adapted to suib the intended
use and ioternded arsa of the body to be operated on.

The protective hull may bz formed frow a blcocompatible
non-conductive materiali, such as polyether ether ketons
{PEEK}, ceramic (g.g¢. alumina, zirconia or zircenia toughened
alumina {(ZTA)) or biocompatiblie plastic that deces not stick to

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

=, Alternatively, the hull may also bes formed from a
metalliic material, =.g. titanium, steel, or may be a wmulti-
layzyr structurs. It may be attached (e.g. dbonded) to
whichever one of the first or zecond conductive slements is on
the undersids of the first dieleciric material. However, in
one embodinment, the protective hull may be formed of the same
material as the first dielectric material. The prxctective

hull and first dielectric material may ke formed in one plece

as a unitary body. In this arrangement cne or more planary

a

slcts may ke formaed (2.g. cut} in the unitsry body to allow a

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

conduct
second conductive material. The conductive materiazl may be
inserted by coating one or more internal surfacez of the slot.
Alternatively or additionally, the proitective hull may be
selectively metalilised to form part of the first or second
conductive elements.

The instrument may inciude a fluid fesd conduit for
delivering fiuid {e.g. saline) to ths instrument tip. The
fiuid feed condult way comprise a passageway through ths
protective hull for delivering fiuvid tce the treatment site.
The passageway may include an outliet lcocated in the recsssed
channel of the protective hull. The ceaxial fesd cabls mnay
form part of a multi-lumen conduit assewbly for delivering RF
and/or microwave freguency energy and fluid {(liguild or gas) to
the ipstrument. The fluid (protective hull} mayv be conveyed
through a corzresponding passageway formed within the mualti-
lumen conduit assszmbiy. The fiuid feed condeit may alsc be
used to deliver other material te the treatment site, e.g. a
gas or a sclid (e.g. powder). In one embodimsat, injection of
fluid (saline or the iike) is used tec plump up the biclocgicel

tissee at the treatment site. This may be particulariy useful
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where the dinstrument is used to treat the wall of the bowel or

1 of the oesophagus or for protecting the portal vein

the w
or the pancreatic duct when a tumour or other abnormality
T these

lccated in close proximity, in crder to prois
structures and create a cushion of fluid. Plumping up the
tissue in thia manrer may help to reduce the risk of bhowel
perforation, demage o the wail of the oesophagus or leakags
cf from the pancreatic duct or damage to the portal veln, etc.
This aspect of the invention may make 1t capable of treating
cther conditions where the abnermality (tumour, growth, lump,
ete.) 1s close to a sensitive biclogical structure.

It is advantagecus to be able Lo use the same instrument

to deliver fiuid as delivers RIFP and/or microwave energy since

Toss of inzufiflation

[}

defiation (2.g. due te fluld seepags ©

ir) may occur if a separate instrumsnt is introduced into the
region or during treatment. The ability tc intrecduce fluid

using the sgsame treatment structure enables ths level o bhe
topped up as scen as deflation occurs. Moreover, the use of &
single instrument to perform deziccation or diszsection as well
as o intrcoduce fluid also raduces the time taken to perform
the overall procedurs, reduces the risk of causing harm to the
patient and alszo reduces the risk of infection. Mors
generally, injection of £luid may be used to flush the
treatment region, £.g. to remove waste products or removed
tigsue to provide better visgikbility when treating. As
mentioned above, this may e particolarily useful in endoscopic
procedures.

The undersurface of the protective hull may have &
longitudinally extending recessad channel formsd therein, and
the fluid delivery mechanism may include an insulating nsedle
gulde tube mounted within and extends proximaily from the
recess channel, and a retractable needle {g¢.g. hypodermic
needle) slidably mounted in the needle guide tube. The needle
wmay have an outer diamster less than 0.6 mm, e.g. 0.4 mm. The
needle may be movable in the longitudinal direction between a
deploved position in which it protrudes beyond the distal end
of the instrument tip and a retracted position in which it is
zet back from the distal edge cof the instrument tip, =.9.
below the planar body or locates preoximal to the planar body.

Ziternatively, the fluid feed conduit may compriss a

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

the protrusicon may have an cutlieib for a fluid passage, and

thus may act as a fixed needle-~-liks tip for fiuid indection
into the tissue. The tip of ths cone may projsct slightly
beyond the distal tip of the planer body.

According te the second aspect of the invention, there 1s
provided an interface doint for interconnecting an
electrosurgical genszrator and an electryosurgical instruwment
{which may be an instrument according to the first aspect of
the invention}, the interface dcoint comprising: & housing made
of slectrically insclating material, the housing haviang: a
first inlet for rascsiving radicfrequency (RP) elsctromsgnetic
(EM} energy and/or microwave frequency EM snergy from the
electrosurgical generator, a second inlet for receiving floid,
and an outlet; a single cable assembly for connscting the

outlet to the slectrosurgical instrument, the signal cabla

assembly comprising a flexible slsgeve that defines a fluid
fiow path that is in fiuid communicatiocn with the second

ial ecable that is connscted to

inlet, and which ccnvevs
the first inlet.

The electreosurgical generator may be any device capable
of delivery RF EM ensrgy or microwave fregquency EM energy for
treatment of biological tissue. For ezample, the generator

described in WC 2012/076844 may be used.

The electrosurgical instrument may be any device which in
use 1s arranged to use RF BM energy or nicrowave frequency EM
energy for the treatment of hiological tTissue. The
glectrosurgical instrument may use the RF M ensrgy and/or
microwave fregquency EM energy for anv or all of resection,
coagulation and ablation. For sexample, the instrument may be
4 resection device as disclosed herein, but zlternatively may
e any of a pair of microwave forceps, a snare that radiates
microwave energy and/or couples RF energy, and an argon beam

ccagulator.

The housing may provide a double isolation barrier for
the operater, il.e. the housing may compriss an cuter casing
{first level of iscolaticn) that sncapsulates a branched
passagaway {second level of isolaticn) within which the
various inputs are integrated inte the single cable assembly.

eway may provide a watertight volume which

The branched pass
i

@y
definzs a fluid flow path bstween the second inlet and the
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cutlet, and which has a first port adjacent to the first ianlet

for sdmitting the coaxial cable.

In use, the interface jeint may be the locaticn at which

fluid for itreatment at the instrument is introduced. The

or of the interface joint may control the introduction
of fluid, e.g. via a svringe or other fluid intreducing

rechanism attached to the second inlet. Ths interiace joint

ay also include a fiuld delivery depleyment mechanism that

s to instruct or centrol fiuid delivery at the

]
o]

glectrosurgical instrument. For example, the interface jceint
may include a slidable trigger on the housing, the siidable
trigger being attached to a push rod that extends out of the
housing through the cutlet. The push rod may extend through
the flexibkble shaft te ths slsctrosurgical instrument, where it
can ceontrol the fiuld de
electrosurgical instrument may include a retractable needle

ivery structure. For smample, ths

that is switchable into and out of fluid communication with
the fluid flow path in the flexible shaft by sliding the push
rod back and forth.

In this arvangement, the branched passageway may inciade
a =zecond port adjacent the slidable trigger for admitiing the
push rad.

Both the first port and the second port may compriss a
sealing bung which defines a watertight passage for ths
coaxwial cable and the push rod respectively. The sealing bung

may be formed from a resiliently deformable material, e.q.

iligcone rubber, whereby the ccaxial cable and push rod are

[£4]

erncapsulated in the material as they pass through it. Sealing
the first and szcond ports in this way means that the only
route for fluid cut of the interface joint is through the
cutlet along the fluid fliow path in the flexible sleeve.

The branched passageway may have any sultable
cenfiguration., In ons embodiment, it is formed from a pair of
Y-shaped conduits, which are counected to each cover to dsfine
a first length in lins with the outlet, a second length
extending from a zide of the first length at an cobligque angle
te the first length, and a third length extending from a side
¢f the second leagth. The first length may have the push rod
extending through it and may ferminate at is proximal snd in a
sealing bung. The second length may have the ccaxial cable

running through it and wmay terminate at its proximal end in a
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ing bung. Ths third length may terminate in the second

for receiving the fiuid. In this arrangement, the

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

embodime the branched passageway may have a mere compact

configuration, in which the different lsngths of the

passageway run substantially parallel to each other. In this
arrangement, the housing may be an siongate capsule sizz=d to
fit in an operator’s hand.

The interface joint may be particular suitable for
gathering a plurality of inputs into a singlie cable assembly
{i.e. the nmulti-lumen cable assembly mentioned above) before

it is inserted through the instroment channel of an endoscope.

To achieve this, the cakle asssmbly may have an ouvter diameter

cf 9 wmm or less, e.g. 2.8 mm or lsss for a flexible video
colonoscope.

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

cible slezeve may ke provided with longitudinal braids

therein to assist in ths tranafer of torgue, i.e, to transfex
a twisting motion at the preoxiwmal end of the cable assemdliy to
the distal end of the cable assembly, where it can cause bi-
rotational rotaticn of the instrument becauss The instrument
is attached to the cable assembly. The flexible sleeve may
comprizes a inner tube and an outer tube, which are bonded ox

otherwise attached together with a tube of metallised brailding

in between. The pitch of ths braiding may be variable along
the length of the cakle asssmbly. Feor example, it may be

useful to have a wider pifch in a region =.g. a distal portion

of the cable, where flexibil is important. Iin oxder to
prevent the metallised braiding from intexfering with the RF
field or microwave field at the instrument, a distal portion
of the flexible sleeve may be provided in which the braidad iz
aosent. The distal porition may be manufactursed oppat?* 1y and
attached (&.g. bonded or welded) to the braided porti

The housing may forther comprise a strain relief element
mounted in the outlet and surrounding the flexible sleesve
The funchion of the strain relisf element is to limit the
movemant of the sleeve in this location to prevent overflexing
that may damage the internal componsoLs.

The flexible sleeve may comprise a multi lumen tubs. The

lumens may be formed by inserting an extruded separato



element inside a zing lumen tube., The extruoded separator

element may include a plurality of through chasnels {e.g. two,
three or more). One of the through channels may carry the
push rod (if present). The other channels may ke left emphLy,
which can ensure that there is alwavs a cpen fluild fiow path

stwesn the instrument and interface jeint for guiding the

ial cable and one or more through holes for carrving the
filuid feed conduit and control wirve(s). The fluid flow path

may ficod the intsrnal caviity formed by the fleziple sleeve,

13 and the ccaxial cable may bs immersed in the fluid.
& distal end of the push rod may be connected to a

proximal end of a needls ferrule, which has a nsedie clampsd
to its distal end. 7The ferrule way be hollcw, with cne or
more copenings in its outer wall that cause its intericr to be

& in fluid communication with the £luid flow path through the
flexible siseve. The distal end of the ferrule may be open
such that the needle mounted in the distal end is in £luid
communicaticon with the fluid £low path., The proximal end of
the ferrulie may be sealed by the push rcd.

20 According to the third aspect of the invantion, there is
provided a torgque transfer unit for rotating an

=

sctrosurgical instrument a3t the distal end of an sndoscope

by tranzsferring a user’s rotating force to a flexibie sleeve
connected to the slectrosurgical instrument, wherein the

“5 torgque transfer unit comprises an elongate clamp arranged ho

impart a gripping force alcong a length of the £ ikble slseve

that lies outside the endescope, The elongate clamp

comprizing: an upper slongate housing member, a lower elongate

housing member pivotably connected to the upper elongate

tad
o

housing member and defining & passage for the flexible sliseve,
wherein the upper slongate housing member and the lowser
gilongate housling member are pivotable betwesn a releass
position in which the torque transfer unit is slidable up and

down the flexible sleeve, and a olamping position, in which

O

85 zhe flexikle zlesve 1s gripped bhetween the upper 2longate
housing member and the lowar elongate housing membsr.
The torqgue transfer unit may thus be designed to s3lide

freelyv along the length of the flexikle sleeve to a position

[
(¢

that i3 convenient for use. Once in position, the toxg

transfer unit can grip the slseseve by pivoting the upperxr

PN
e

gicngate housing member and the lower elongate houvzing member
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together. The torgue transfer unit may ilnclude a releasable
clip that allows the upper elongate bousing member and the
fower elongate housing member to be locked in placs at any
point. The clip may be a resilient latch element on one of
the uppsr elongate housing member and the lower slongate
nouzing membzr, which a corresponding catch on the other.

The uppsr elongate housing member and the lower elongate
houzing member may =2ach carry a U-shaped clamping menber, the
U~zhaped clamping memberz being arrangsad toe oppuss one another

to impart a substantially uniform gripping pressure on the

fleziblie sieceve when the upper ziongats housing member and
lowsry elongate housing member are in the clamping position.
In a preferred embodiment, an intermediate deformable grip
tubs ls peosition arcund the flexible slieeve between the
fisxible sleeve and the i-zhaped clamping members. The
intermediate grip tube may ke made of zilicone cor any cther

suitable compliant matsrial. In use the intermediate

deformable grip tube grips the flexible sleeve on compress

and fixes the position of the torgque transfer unit., The

intermedis grip tube acts Lo distribute the load on the

flexible slesvs which can prevent local damage to the wall of

the slesva.

In use, when ths distel tip of the slectrosurgical

inztrument i3 correctly positioned relative to ths distal end

of the flexible endoscope within the fisld of view on the
sndoscepe’ 3 video monitor, it is intended that the endoscopist
clamps and locks the torgue transfer wnit at the exit point of
the flexible shaft from the endoscope working channel and
immediately adjacent to the endescops X-Y contreols. When
clamped in this location the torgue transfsy unit provides

finger and thumb xotary and longitudinal positional control of

the distal tip of the instrument. The variable positioning
and clamping of the torgue transfer unit ailows ths instrumsont
ble

endoscopes with working channels anywhere between 60 and 170

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

cie longy.
Herein, radicfreguency (RF} may mean a stable fixed

freguency in the range 10 kHz to 300 MHz and microwave

fraequancy may lean a stable fixsd fregquency in the range 300

MHz to 100 GHz. The RF energy shcould have a fraquency high
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and low encugh to prevent the energy from causing tissue

blanching or unnecessary thermal margin or damage to the
freguencies for t
1606 kHz, 250 kHz, 400%kHz,

apot freqguencies for the
p |

tissue structurs. FPreferred
energy include any cone or

P

00 kHz, 1 MHz, 5 MHz. ?Pre

microwave ensrgy includs 915 Z2.45 CGHz, 5.8 GHz, 14.5 cGHz,
24 GHz.

C¥F THE DRAWINGS

Eramples embodying the invention as discussed in detaill
relow with reference to the sccompanying drawings, in which:

Flg. 1 is a schsmatic view of a complete electrozurgery

zyatem in which ths present invanticn is applied;

F

Fig. 2 18 a cross-sectional view of an interface joint
that is an embodiment of the inventiocn;

3 is & cut away perspective view cf the interfacs

Joint shown in Fig. 2;
Fig. 4R is an exploded visew of a torgue transfer unit

that iz an embodiment of the inventiorn:

Fig. 48 is a perspective view of the torgue transfer unitc
of Fig. 44 in an assembied state:

ig. % is a schematic perspect]

ve view of ancther
oint that is an embodiment of the invention:

rrj

interfacs

Fig. & is a schematic perspective view of an integrated
interfacs joilnt and torque transfer unit that is an embediment
of the ianventiocomn;

Pig. 7 i@ & schematic perspective view of another
integrated interface joint and torque tranzfer unit that is an
embodiment of the invention:

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

an electrosurgsry device that i3 an embodime
invention:

Fig. 8A is a top pervspective view of the distal end
aszewkbly of Fig. 8 in an assembled state:

Fig. 9B is a botiom perspective visw of the distal end
assembly of Fig., 8 in an assembled state;

Fig. 10 is a cross-secticnal view cof an interface cable
suiltable for use with the present inveantion:

Fig. 112 is a top view of a bipolar structure used in the
distal end assembly of Fig. ¥;



peid

et

<o

38

e
7

Fig. 115 is a side view of a bipolar structurse used in

the distal end assembly of Fig. 8:

Fig is a bottom view of a bipolar structure used in
the distal end assembly 0of ¥Fig. 5;
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1y, 12R is view of a needie

the distal end assembly of Fig. 8;
Pig. 128 is an enlarged cross-secticnal view through the

nzedls aszewbly shown in Fig., 1225

Fig. 13 is a aschematic drawing
path through an interface cable that iz suitable for use with
the present invention;

Fig. 142 is a top view of a protective hull usad in the
distal end assembly of Fig. §;

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

Fig. 15A is a perspective view of a steopper used in the
interfacs joint shown in Fig. Z;

Fig. 1%R is a cross-zectional view through the stopper

shown in Fig. 1%A;

Fig. 162 is a perspective wview 0of a Y-sheped connecicr

gsed in the interface joint shown in Fig. 2Z:
Fig. 188 i ross—-sectional view through the Y-shaped
16A;

Fig. 178 1s arn isometric wiew of various stages in the

&
v 83
o}

cennector shown in ¥

fabrication of a distal end aasembly for an electrosurgery
device that is an embodiment of the invention: and
Fig. 178 is an end view of the complete distal end

assembly shown in Fig. 17A.

DETAILED DESCRIPTION; FURTHER OPTICNS AND PREFERENCES

Varicus aspacts cf the present inventions are presented

sctrosurgery system that provides

melew in the context of an
an electrosurgical invasive instrument for use in endoscopic

procedures for the removal of polyps and melignant growths

through the controlled delivery of both micrawave and RF

energy. However, it iz to ke understeed that the agpecis of
the iavention presented herein need not bs limited to this
particular application. They may be equalliy applicable in
embodiments where only RF energy 1s regquired, or where only RF

enexrgy and fiuid deliveary is required.
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I is a schematic diagram of a complete

)

[te]

achbrosurgery system 100 that is capablie of selectival
supplying toe the distal end of an invasive electrosurgical
instrument any or all o2f RF snsrgy, microwave epergy and
fluid, e.g. saline c¢r hyaluronic acld. The system 180
comrprises a generator 102 for controllable supplying RBF
electromagnetic (EM) ensrgy and/or microwave Irsquency EM
energy. A suitable generxator for this purpose 1is described in
WC 2012/076844, whick is incorporated herein by raferencs.

The generatcer 102 is connected to an interface joint 106

by an interface cable 104, The interface joint 106 is alsc

connacted to receivs a fluid supply 107 from a fluid delivery
device 108, such as a syringe. The interface jeint 106 houses
a needle movement mechaniam that is cperable by sliding a
trigger 110. The functicn of the interfacs joint 106 is to
combrine the inpuits from the generatcr 102, fluld deliver

. -

device 198 and nesdle movement mechanisn intce a singls

flexible shaft 112, which extends from the distel end of ths
interface joint 10&. Ths internal configuration of the
interface Jjoint 1048 is discussed in more detail below.

The flexible zhafit 112 is insertable through the entire

length of an instrument {working) channel of zan endoscope 114.
A torgue transfer unit 1316 i1is mountad cn a proximal lengith of
the shaft 112 between the interface jeint 106 and endoscope
114. The torgue transfer unit 116 esngages the shaft to permit
it to bz rotated within the instrument channel of the
andoscopes L14.

The flexible shaft 112 has a distal assembly 11& that is
shaped toe pass throcugh the instrument channel of the endoscope

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

of the endoscopa’s tubes. The distal =nd assembly includes an
active tip for delivering RF EM energy and/or microwave EM
energy into bioclogical tissue and & retractable hypodermic
needle for deliivering fluld. These cowmbined technologles
provide & unigue solution for cutting and destroying unwanted
tissua and ths ability to seal blood vessels around the
targeted area. Through use cf the retractable hypodermic
needle, the surgeon is abkle to inject saline and/or hyalurcnic
acid with added marker dye hebween tiszues lavers in ordsr to
distend and mark the positicon of a lesion to b treated. The

injection of fluid in this manner lifts and separates thsa
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layers making it both easier to resect arcund the

o
s
w
w

o

i
esion and plane through the submucosal layer, reducing the

b

isk of bowel wall perforstion and unnecessary thermal damage
to the muscle layer.
As discussed in more detail below, the distal assembly

3,

118 further includes a protscibive polymer hull positioned

ive tip to assist tizsue planing type resection

Y]

under the act
action, again helping to protect againast inadvertent
perforation and ensure viability of the remaining tissue,
winich in turn facilitates more rapid healing and post
cperation recovery.

1ssed below may
rakle

flexible andcscope having a working channel with an internal

The atructure of the distal assembly dis

scu
be particularly dasigned for use with a conventional zte

diameters of at ieast 2.8 mm and a channel length of between
60 cm and 170 cm. Az zuch the majerity of the comparatively
small diameter (iess than 3 mn) instrument is housed within
the iuvmen of a much larger and predominantly polvmer
insulating device, i.e. the flexible endoscope channel, which
typically has an outer diasmeter of 11 mwm to 13 mm. In
practice, only 15 mm to 25 mm of the distal assembly protrudes
from the distal end of the endoscops channsl, in order not to
bleck the field of view or adversely affect camera focussing.
The protruding part of the distal assembly is the only porticn

of the instrument that ever makes direct contact with the

patient,
At the proximal end cf ths endoscope working channel,

which is typically held 30 om to 80 cm from the patient, the

flexible shafit 112 emerges from the working channel port and
axtends a further 30 cm to 180 cm to the intsrface joint 106,
Iin use, the interface joint 106 is typically held by a gloved
azsistant throughout the procedure. The interface Joint 106
is designed and manufactured from polymer matsrials in such a
way as teo provide primary and secondary elsctrical insulation
with extendsd creepage and clearance distances. The interfacs
cable 104 is connected to the generator 102 using a QMA-type
ccaxial dinterface, which is designed to allow continuous
clockwisze or counter clockwise rotaticn. This permits the
interface joint 106 to rctate with the torgue transfer unit
118 under the control of the endoscoplst. The assistant

supports the interface Seint 106 throughout the procedure in
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order to assist the endoscopist with sympathetic instrument

:etion.

rotation, needls contrel and fiuvid in

Interface joint & torgque tra

Figs. 2 and 3 show the structure of an interface
2¢ that is an embodiment of the invention. The interface
oint comprisss a hard plastic shell 122, which encasss
saveral internal componsasnts. In Figa. 2 and 3 one hailf of the
shell 122 is removed to show the inside of the jcint., The
shell 122 is in the shape of a pistecl, i.2. 1t has an upper
barrel portion 121 and a lower adjcining porticn 123 which
extends away from a proximal end of the upper barrel portion
at an obligue angle. The upper barrel porticn 121 contains
the needizs movement mechanism, while the lower adjoining

portion 123 contains the connections for the fluild and ensrgy

core of the interface jcoint 120 is a pair of ¥Y-shaped

124, 126 which are mated together to define a
branched passageway. The Y-shaped conduits may be made from
polycarbonate or other suitable hard plastic, and are shown in
more detall in Figs 16A and 16R. A first length 128 of the
branched passageway is mounted in and lies along the upper
barrel porticn 121 of the shell 122, The first length 129
receives at its proximal end a push rad 13¢ for ceontrolling
deployment of the retractable nesdle. Tha push rod 130 has a
crooked proximal snd 132, which is mounted, =.g. heat staked,
in a nesdie slider 134. The nesdle slider 134 is slidably
mounted in the upper barrel porition 131. The needle sliderx
134 includes a protruding thumd trigger 138 for moving tha
slidsr tce and fro, which causes the nesedle teo slide in and out
of the distal assembly. The proximal end of the first length
128 is sealed by a zilicons bung 138, which is shown in more
detail in Figs. 152 and 15B.

& second length 140 of the branched passageway is mounted
in and lies aleong the lower adicining portion 123, i.e. at an
oblique angle to the first length 128. The second length 140
conveys a coaxial cable 142 from a proximal QMA-type connector
144 to the proximal end of the first length 128, where it
meets the push rod 130 and exits the interface joint 120
146, The QMA-Lyps connsctor 144 ic

123
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connacted te the interface cable from the generator. The
coaxial cable 142 may be a Sucoform 047 coaxial cable coated

&0

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

pass through & siliccne zealing plug 148 at the proximal end
of the second iength 140,

A third length 15%0 of ithe branchad paszageway lzads off
from the second length 140 %o provide a outward facing fluic
regeiving port 152. The fluid receiving port 152 may ke a
threaded luer lock fitting, for sealing engagement with a
zuitable syringe cr the like. The sealing plug 148 arnd the
buang 138 cause the branched passageway to be sealed in a
watertight manner, whereby fluid introduced at the fluid
recelving pert 152 can only exit the interfacs joint 120
through the distal outlet 146,

The distal outlen 146 of the interface Jjoint receives
therethrough & proximal portion of the flexible shaft 154 that
is introduced into the instrument channel of the endoscope.
The flemible shaft conveys the fiaid, push rod 130 and cocaziail

cable 142 ag discussed below. 2 proximal snd of the flexible

shaft 154 is directly kbonded intce the branched passageway so
that there is some cverlep aloeng the uppsr barrel portion 121.

This bonded juncticn 1s measked by a cowveriong 156 (2.g. of
silicone yubber) which fits like a stretched glovs and is

bonded in place. The covering 156 coperates as a strain relief

P

P
element., and also doubles as an end of shaft flexible bend
restrictor.

The primary ussr of the interface jeint 120 may be the
endoscopist’s assistant. In use, the operator typically
offers the distal tip of the instrument to the endoscopist for
insertion down the working channel of the flexikle endocscope,
makes the electrical ceonnection between interface joint 120
and the interface cable {which is connected te the gsnerator)
and then supports the interface joint 120 itself throughout
the procedurs. During the procedure the operator can inject
the
svringes attached te the fluid receiving port 15

distension/marker fluids as required via % to 20 ml

f(\

o

and operates
the needle siider L34 as instructed by the endoscopist.

The flexible shaft 154 comprises an cuber cannula tube
that centains the coaxial cable 142, push rod 130 and fluid.
The specific intexnal structure of the flexikle shaft iz

discussed below with reference to Fig. 10. The distal



: e
“n

TN
[oe]

ey that

assembxly is fixed to ths cuter cannula tube in a ma

means any rotation applisd to the tube i1s passsd to the dist

agsemnbly. Accordinglyv, to permit rotaibsble manipulaticn of
the distal assenbly, a torgue fransfer unit is mounted on ths
flexible shaft in order to facilitate rotation thereof.

Figs. 42 and 4B show a torgue transfer unit 128 that is
an embodiment of the invention. Essentially the torgue
transfey unit 158 iz an elongate clamp that imparis a gripping
force alcng & length of the flexible shafit. By gripping 3

length of the shaft, the torgue transfer unit can apply a

lower mazimem presaure, and therefores prevent damage to the
flexible shaft and its contents.

As shown in Fig. 42, the torque transfer unit 158
comprises an upper elongate housing member 180 and a lowerx
gilongate housing member 162, which are hinged together about a
pivoet rod 164 at a distal end thers=zof. The upper elongate
nousing merdser 160 and the lower slcongate housing member 162
each carry a U-shaped clamping member therein 166. Ths

clamping members 1645 opposs one another, whereby pilvoting the

housing member 162 velative to each cother alters the distance
between the clamping members 166, A deformable tube 168 iz
mounted betwesn the clamping members 166, The deformable tube
168 is threaded cn to the flexible shafit, which passzes though
holes 173 in the distal and proximel faces of the torgue
transfer unit 158. In use, the upper sicngate housing member

160 and the lower elongate housing membsy 162 are pivobable

betwsen a release position in which the torgue transfer un
can be slid up and down the flexible shaft, and a clamping
wosition, in which the deformable tube 168 is squashed beftween
the clamping members to impart s gripping force on the
flexible shaft. The upper elengate housing member 160 and the
lewer elongate housing membsr 162 can be retained in the
clamping position by a relsazable clip 172. The distal end of
the torgue transfer unit 158 has a series of circumfersntial
indentations designed to o2 grippsd by the thumb and
forefinger of the operator, teo facilitate rotation.

Fig. 5 i3 a perspective view of an interface joint 1880 in
conjunction with a torgue transfer unit 158 that 1s another

embediment of the inventicon., The torgue transfer unit 158 is
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the same as that discussed above with reference to Figs. 4A
and 42 and is not discussed again.

The interface jeint 188 in this embodiment comprises a
compact barrel-like body 182, which facilitates rotation by
the endoscopist’s assistant. In particular, the interface

cable 104 is conneciad in axzial alignment with the body 182,

e.g. via a snap-i rotary ccaxial coanector. The body 182
includes a nested barvel 184 for receiving & syringes 188 to
deliver fluid. The nested barrel 184 may incliude a viewlng
window 18¢ to show how much fluid remains.

I this embodiment, a needie slider control 190 is

mounted towards the nose of the pody 180 for thumb control

"

whilst the body 182 is supported in the paim of the hand. The
slidar 190 may have free reciprocal movemsnt as in the
embodiment shown in Figs. 2 and 3. & latch mechanism (not
shown) may be provided to lock and park the slider in the
fuily retracted needle position. Alternatively the slidzr may
have a spring-lcaded action which biases the mechanism into

ths retract state. With the sprung lcoaded opticn the user

{aszistant) would nzed to hold the siider forward against the
spring whilst injecting the fluid.

Fig. 6 ig a perspactive view of a combined interface
joint and torque transfer unit 192 that is another esmbodiment
of the invention. ALl functions cf the ssaparate torgus
transfer unit and interface joints discuszed above are

provided hers within a single moulded asszemply. However, ithe

combined unit iz not able to silde along the flexible shaft in
use, which mzans that the instrument langth should be closely
matched to the endoscope working channel length. However, an
advantage of this arrangement iz that there is more microwave
power available at the active tip in the distel aszsembly
because a shorter instrument lengih means less power is lost,

The combined unit 192 comprises a walsted bacrel 194 with
a faceted distal end 196 to facilitate easy finger and thumb
rotary contrel. A nesdle slider 193 is mounted towards the
kack of the barrel 194 due to the natural hold and suppoxt
pesition by the endoscopist during these procedures.

As an alternative to the neesdie slider 198, a hinged
roecker type contronl isver could be used for eass of thumb

i,

control. With this dasign needle siider (or rocker) latch
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forward control o enable one handed operation and fiuid
injection by the endescopist, i.z. toe give ths endoscopist the
freedom to use their second hand to held or manipulate the
endoscope.

Fig. 7 i3 a perspective view of a combivzd interface
joint and torgue transfer unit 200 that is ancther embodiment
of the inventicn. The combined unit 200 is similar to the

device shown in Fig. ¢ except for a remote syringe fluid

.

iniection ccoupling 201. The combined unit 200 comprises a

siim barrel-like body 282 with a facetsd distal end 204 and a

needle zlider 206 which functicn as discussed above. The body

b
202 has a slim, compact design because it deces not also need

g

e house a syringe. Instead, the body 202 is connect te &
fiuid receiving port 208 via a fluid feed line 210. Thisz
arrangement may permit the device to be used with larger
syringes of unrestricted barrel dismeter. The body in this
zrrangement may alsc ke more lightweight than that shown in
Fig. 6. 7In this embodimsnt the distal end 2804 of the body 242
includes a recessed flat face 212, which allows abutted
iocation againat the endescope port cap for added stabkility.
As with this device shown in Fig. &, this sclution {as shown)
raguires the instrument length toe be closely matched to the
third party endoscops working channel length, and thereby

cffers the poten for mors microwave power availabilityv at

bhe insztrument fip.

Ir may be possible to bulld in short axial adjusiment of
up o 100 mm within the combined barrel-shaped units shown in
Figs. ¢ and 7. This may snable the endoscopist to fine tune
the instrumsnt length to his/her flexible endeoscope of cholce.
This added functicnallity could alsco minimise the number of
product variants reguired to cover the range of present day
third party endoscopes.

FPigs. 1A, 1538, 16A and 168 show further details of some
of the internal componentz of the intsrface joint.

rzpeciive and cross-

Figs. 15A and 15B are raspectively
sectional views of the bung 1358 that seais the proximal end of
the first length of the branched passageway. The bung
comprisas a rotary luer lock fitting 746 and a integral
sealing diaphragm 248, e.qg. made of resiliently deformable
rubber.
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Figs. 1637 and 16B show the Y-shaped conduits 258 from
which the branched passageway 1s formed. Each ¥Y-shaped
conduit has a main linear channel between s first inilet 252
and an outist 254, and a second channel aib an cbligue angls to
the main linear channel, the seccnd channel having a second
inlet 256 and joining the main linear channel about halfway
along its length. Each cof the first inlet 252 and the second

=2
inlet 256 has a rotary luer lock fitting 2328.

»

Diztal assembly configuration

Y

Figs. §, 94 and 8B zhow details of a distal assembly 214

srisociment of the

n active tip that is an
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inventicon. Fig., B8 shows an exploded view ¢f the componsals
that form the distal assembly 214. The distal assembly 214 is
movnted at the distal end of the outer camnula tube 216 of the
fiezible shafr 154 that is discussed above In corder to

cvide a torgue transfasy function, the majority of the outer
cannpula tubs 216 1s formed ¢f a braided tube, e.g. comprising
a braided wizre {e.g. stainless steel) wrap mounted between a
radialliy inner polymer layer and a radially cubter polymer
layer. However, to avoid the braid material from interfering
with the deliver of RF and/or microwave freguency EM energy to

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

tube 216 is mads purely of the polymer layers, i.e. without an

rinal braid.

The distal portiocn 218 of the outer canmula layer 2i¢
fits on to a corresponding prozimal part 220 of a protsctive
hull 222. The protective hull is formed from polyethasr ethex
ketone (PEEK) or any other suitablie engineering plastic, and
ig zhaped to perform & number of functions, i.e.

- mount the distal assembly on the flexible shaft,

provide a protective undsrsurface for the active tip,

- provide a protsctive housing for the needle, and

~ lozate the active tip relative to the ccaxial cable.
The parts of the structure of the hull 222 that perform these
functions are discussed in more detaill below with reference to
Figs. 143 and 14B.

The distal assembly 214 includes an active tip 224, which
iz a planar plece of dielectric material (e.g. alumina) having

conductive layers (e.g. of gold) on its upper and lower



N
[z

30

4

surfaces. The distal end of the active tip 284 is curved.
The conduciive lavers are electrically cennected te the innex
and cuter conductors of the ceoazial cable 142 that is conveyed

ible shaft 216, At the disztal end of the coaxial

by the fis
cable 14

Z, its cuter shsath is removed Lo expo
the outery coeaductoer 226¢. The innsr cooductor 228 of ths

ceaxial zakhle extends beyoand the distal end of the outsr
conductoy 226, The coaxial cable 142 and ths active tip 224

are mounted relative to cone anoiher so that the protruding

")

part of the inner conducter 228 iliesgs on a first conductive
laver of the active tip, while the cutexr conductor 226 ia
brocght inte electrical conpection with a second conductive
laysr by & conduciive adaptor element 230. The first

concductive layer is isclated from the cuter conductor 226 and

the second conductive layer is isclated from the inner

conductor 228. #urther detalls of the configuratiocn of the
active tip are discussed below with reference to Figs. 11A to
i1ic.

When assembled, as shown in Figs. %A and 2B, the activsa
tip 224 apd coaxial cable 142 are bonded to each other and teo
the hull 222 by the application of spoxy adhesive over the
portion of the inner conductor 228 that projects from the
nuter conducter. This epoxy adhesive alsc sarves to form an
end pilug for the outer cannula tube, i.e. a filuld tight zeal
that means the only exit for fluid introduced at the interface
joint is through the needle.

The hull 222 inciudes a recess for retaining a needle
guide tuke 232, 2.4u. made of polyimide. In use the distal
asgsembly 214 makes an intimate contact with the patient. The
nzedle 234 can bs extended bheyond the distal end of the active
ip 224 and retracted to a position back inzide the guide tube
232 via control of the 3ilder mechanism on the interface
joint. In its extended position, the neadle is used ky ths
andoscopizt to inject £luid for the purpese of locally

distending and marzking tissue. The conductive layvers on the

active tip 224 form bi-polar electrodes for delivering RF
and/or microwave fLrequency energy.
The nezedle guide 232 extends back inside and prozimal to

the distal assembly To provide extanded creepage clearance to
ensure R¥/microwave activation only occurs acroass the distal

tip region of the actiwve tip #29.
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Similarly it can be seen that the conductive layer 236 is
receased back in kehind the distal tip region of the active

and lowsr faces to

Thig is done on keoth

increase the tracking/creepags distance at the proximal end of

Ny
R#

further ensuring that RF/mi

crowave energy is

the distal end and intenticnal actlive slement

shows a typical cress section ¢f the flexiblis
@

“

shaft may run foxr £.3 m {or 2.0 m),

i.e. the entire lsngth of the instrument connecting the
interface joint to the disztal assembly. During use the
majority of this shaft lsength sits within the working channel
of the flexibls sndoscope. The fisxible shaft 154 comprises

the outer cannula tube 216 {1l.e. the braided tube discussed

above), which forms a fiuid tight canoula 237 and slectrical

Sucoform cable

®

barrier betwsen user/patient, and the coaxi
142 which in itself is further insulated. The outer cannula
tube 216 alisc houses a 3-lumen PTFE extruded tube 238 which
provides a low friction pathway for the push rod 130 and
stability/support o the constructisn whilst ensuring a fiuid
pathway is maintained along the full length of the cannucia at
all times.

Through the length of the flexible shaft 154, the coamial

cablile 142 {e.g. Sucoform 47 cable} forms one lumen of a

compasite construction wi the braided and doubkle insulated

outer cannula tube 216 forming the flexible protective
ingtrument shaft. To manage ths potential thermal risk posed
in use activation contrels way be impozed on the usze of
microwave energy by the generatcr., For example, in the first
application instance activation may be limited to 20 s
{continucus output), and thereafter the average power
incidence on the proximal end of the distal assembly may be
limited teo 4 W. This control may be imposed independently of

the endcsceopist, e.g¢. via the generator software. With this

3z a temperature of 40°C has been cobserved aft

control in pla
20 & continuous activation on the polilymer suriasce of the

instrument shaft immediately distal of the interface joint.

After 20 s the temperaturs then fallis as further continuvous
microwave activation by the Endoscopist is automatically
interrupted by the generator software. Full 20 s activaticon

capacity may bde prevented until 240 5 (32 x 20 8) has elapsed.
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In practice, it may not ke necessary to activate ths

“ .-

coagulation function for longer than 10 s due te concerns over
perfuzion at the tip resviting in potential full wall
thickness iniury te ths bowel wall,

Figs. 114, 1iB and 1iC illustrate the dimensiouns of cne
exzample of an active fip 224 that can ke used in embodiments
of the inventicn. The cverall iength of the active tip is
10.6 mm, with a maximum width of 2 mm and a helght ¢f 0.5 mm.

The layer of metallisaticon on the active tip has a thickness

of 0.08 mm. The curved disztal end is manuvfactured as &
plurality of radicsed sections of decreasing lsogth and radius
towards the distal tip. In this sembodiment there are five
different radiussd section, but more could be used. 7The

iength of each secticn and its corrssponding radius of

curvature ils given in Table 1:

Szovion lenguh {mm) Kaatiug of courvalurese (s}

¢.1 0.35

Tabie 1: (urvature at distal end of active tip

As menticoned above, the conductive layers cn both surface
are set back from the edges of the dielectric substrate by a
distance cf 0.2 mu along the proximal & mm of the tip. And to
s

ensure that the top conductive layer is isclated from the

{

outer conductor of the coaxial cable, the top conductive laver
is set back from the proximal edge of the dielectric subsirate
by a disztance of $.6 mm.

Pigs. 124 and 128 depict the transiticn from the push rod
139 to the needlie 234. A needle fazryule 240 is connected to
the push rod 130 at a proximal end therecf and is connectsd to
the needle 234 at a distal end therecf. A set of holes in the

cuter surface of the nesdie ferrule 240 permits ingress of

fluid from ths flexibles shaft for delivery out of the neadle
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234 As shown in Fig. 12B, the push rod 130 acts as a stopperx
in the proximal end of the ferrule 240, thereby preventing

Fluid from ezcaping in the wrong direchicn.

Fig. 13 illustrates schematically the flow path for the
fluid. Immediately proximal of the disztal assembly the
injected fiuid that has passed down the flexible shaft 154
from the syringe is Torced through four small radial holes 42
central tc the needis ferrule 240 and thence into the
hypodermic needle 234 for injection intec the patient.
Figs. 144 and 14E show ths shape cof the protectives hull

I end of the

222, As shown more clearly in Fig. 28, the dista

hull ia shaped to permit the active tip to overhang it by

arcund 0.2 mm around the distal edge except aft the distal
The surface that contactis the underside of the active tip
therefore has a maximum wicdth of 2 mm, which narrows to 1.6 mm
in an intermediate porticn 223 before tapering te its distal
tip in a distal pertion 225. The distal tip may be a single
radiused curve, e.g. having a radius of 0.2 mm.

Mzanwhile the proximal end of the hull defines an oblong
recess for recelving the proximal end of the active tip. The
oblony recess is bordered by a pair of wings 244 on each side,
which acht to retain and align the active tip as well as define
a volume for receiving the acdhesive that covers the exposed
inner conductor of the coaxial cable,

Fig. 17A shows warious stagesz in the assswmbly of a
distal end porticn 300 for an electrosurgical iastrument that
is another embodiment of the invention., The leftmost view in
Fig. 174 shows an inner tube 302 made of & conductive
material. This inner tuke 302 represents the inner conductor
of the coaxial feed discussed above. The second view from
left in Fig. 17A shows an outsr tube 304, which first ovexr the
inner tube 302. The cuter tube 304 may bs formed as a tube of
insulating dielectric material having a conductive ccating on
its cuter serface. The conductive coating acts as the cuter
conductor of the coaxial fesed.

At the distal end of the cuter tubse, a porticn of the

conductive coat is eitched away to expose a portion 306 of

dielectric matsrial. An island 308 of conductive coating is
left on the top surface of the outer tube at its distal end,

i
The iszland 308 is separated (i.e. electrically isclated) from

O

the rest of the conductive coating 304 by the szpcsed portion



306 of dielectric material. & tengue (not shown) of
conductive ceoating is formed con the bottem surface of the
outer tube at its distael snd with &z similar shape and size Lo
the island 308. Howewver, the tongue remains in electrical
5 contact with the rast of the conductive coating, i.s2. it 1s an
extension of ths cuter conductor.
A hole 310 {e.g. having a

the island 308 through the conductive coating and insulating

qmebter of 1 mm) is formed in

‘

dieleciric material, thereby exposing the inner tobe 302, The

iG hole is then filled with a conductive material (e.g. spoxy

i

eilver) in crder to slectrically cennect the ilnnsr tube 262

with the islaad 2308. As s result, the distal end ¢f the outer
tuba has twe cppossd electrical contacts on lis cuter surface,
A first contact (the islal

15 with the inner tube 302 {(i.es. inner conductor) and 2 second

d 308) is in electrical connecticon

coentact {(the tongue) is in electrical connection with the
cenductive coating of the cuter tube 304 (i.e. outsr
cenductor} .

The third view from left in Fig. 17A shows the n

t stage

in assembly, where an instrument tip 312 is inserted into ths

distal end of the outer tube 304, The instrument tip 312
comprises a planar pisce 314 of rigid dielectric, e.g.

ceramic, such as alumina. The cubter tubs 304 has two opposing

abs 316, which can recsive and retain the planar plece 314,
25 2.9, ag an interference fit or using suitable adhesive,

The side edgss of the planar piecs 314 taper in a gquasi-
parabolic manner towards the distal end therecf. Ths fiat
upper and lower surifaces have conductive layers, 2.g. of gold
or silver metalliszation, formed therecn., The upper layer 318

is visible in Fig. 17a.

<

The rvight most view in Fig. L17A shows the final stage of
assemblyv, 1n which the first and second coantacts are
slectrically connacted respectively to the upper and lowsr
conductive layers on the instrument tip 312 using a plece of

35 conductive foil 318.

Fig. 178 shows an end view of the distal end portion 300

after assembly. Here it can be ssen that the lcowexr piescs of

conduntive foil 220 has a acle 2 formed therein through

@

[
O N
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which the retractable nesdle discussed above can pass.
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1. An electrosurgical instrument for applving to
binlegical tisgsue radiofreguency (RF) electromagnetic {EM)
energy and/or microwave freguency EM energy, the instrument
comprising:

an instrument tip comprising a planar body made of a
firast dielectric material separatiog a first conductive
slement on a first surface thereof from a2 sscond conductive
element on a second surface therecof, the second szurface facing

in the oppesite direction to the first surface;

a coaxial fesed vable comprising an inner cenducter, an
cuter conductor coaxial with the inner conductor and a second
dielectric material separating the inner and cuter conductors,
the conaxial fe=sd cable being for conveving an RF signal and/or
a microwave signal; and

a protective hull comprising a third piece of dielzctric
material movnted to cover the underside of the planar bedy,

wherein the inner conductor is electrically connected o
the first conductive sisment and the cuter conductor is
slectrically connecied to the sscond conductive element to

enable the instrument tip to recsive the EF signal and/or the

microwave signal,

wherein the protective hulil has a smoothiy contoured

convex undersurface facing away from the planar body,
wherein the planar boedy has a tapering distal sdge, and
wherein the underside of the planar body extends beyond
the protective hull at the tapering distal edge.
2. An electrosurgical inztrument accerding te claim 1,

hal

wherein the underszide of the planar body extands beyond the
n

-.
Yo
L8535,

protective hull at the tapering distal edge 0.2w or

where w 13 the maximum width of the planar body,

3. Ar electrosurgical instrument according to claim 1
cr 2, whsrein the tapering distal edge eztends around a distal

thivd of planar body.
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4. An electrosurgical instrumeat acceording to any

preceding clilaim, 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
coatinuous curve.

9. An electresurgical instrument accerding to claim 5,
carvature formed from a

T
wherein the tapering distal edgs has

plurality ¢f contiguous radiussd sacticns, each radiused

section having a radius of curvature less than its promimal

neighbour.,

7. An electrosurgical instroment according to any
praceding claim, wherein the planar beody has a lerngth of
between dw and 6w, where w 13 the maximum width of the planax

body.

8. An elecirosurgical instrument according to any

preceding c¢lalm, wherein the maximum width cof the plansr body

is 9 mm or less.

9. An electrosurgical instrument accerding te claim 7,

-

whersin the maximum width of the planar body is 2 mm or iess.

198, An electrosurgical instrumsnt according to any
preceding claim, wherein the first and second conductive
elements each comprise a laysrs of metallisation, ths layers
of metallisation being formed con oppozits surfaces of the

first dielectric material.

11. An electrosurgical instrument according te c¢iaim 10,
wherein the layers of metalilisation are set back from the side
edges of the first dielsctric material in a proximal region of
the planar body.

12. An slectreosurgical instrument acccording to claim 11,
wherein the proximal region comprises the region cf the planar

body proximal to the tapering distal snd.
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13. An electreosurgical instrument accerding to claim 11

or 12, wherein the lavers of metallisaticn are set back by 0.2

[(B1IN

L4 An electrosurgical instrument according to any

praceding claim, whereln the protective hull iz made from

nivethexr sther ketone (PEEK} or ceramic.

15,  An electrosurgical instrument according to any
preceding claim, wherein the protsctive hull and first

dielectric material are formed in ons piscs.

1. An electrosurgical ilnstrument accorxding to sny
preceding clsim, whersin the protective hull igs sele

ctively
metallised te form part of the first conductive elemsnt or

second ccaductive element.

17.  &An electrosurgical instrument according to any
preceding claim incinding a fluild feed conduit for cenveying
filuid to the instrument tip for delivery out cf ths

instrument.

la. An slectrosurglcal instrument according to claim 17,
wherein the fluid feed conduilt comprises a sleeve that defines
a lumen for transporting fluid to the instrument tip, the
sleeve having the planar body and protective hull secered at a
distal end thereof, and bkeing arranged tc carry the coaxial

capie in the lumen.

18,  An electrosvrgical instrument according to ¢laim 18
including a fiuid delivery mechanism mounted at the distal end
of lumen of the zleeve, the fluid delivery mechanism being
operable to deiiver fluid from the lumen thrcugh the

protective hull.

20. An electrosurglcal instrument according to claim 19,
wherein the undersurface of the protective hull has a
longitedinally extending recessed channel formed therein, and
wherein the fluild delivery mechanism includes an insulating

needle guids tube mounted within and extends proximally from



the recess channel, and a retractable needle slidably mounted

in the nesed tube,

21. An electrosurgical instrument according to claim 19,

wherein the undersuriace of the protective hull has a tubular

it

protrusion integrally formed therein, the tip of the

protrusion having an outlet for ejecting a fluid

22. An inptezface Joint fox intercmnnecting an
14 electrosurgical generator and an electrosurgical instrument,
the iaterface jeint comprising:
a heusing made of electrically insulating material, the
housing having:
a firat inlet for recsiving radiofreguency (RF)
i5 electromagnetic (BM) energy and/ocr microwave frequancy EM
snergy from the electrosurgical generator,
a second inlet for receiving fluid, and
an outlet;

& single cable assembly for connecting the outlet fo the

20 electrosurgical instrument, the signral cable aszsembly
comprising a flexikle sieeve that defines s fluid flow path

that i35 in fluld communication with the second inlet, and

which conveys a coaxial cable that is connectsd to the first

iniet.

™o
"

23, i interface joint according to claim 22, wherein

the housing includss an intsrnal watertight branched

passageway which defines a fluid flow path betwesn the second
inlet and the outlist, and whereln the branched passageway has
25 a first port adjacent to the firat inlet feor admitting the

ceaxial cabile,

24. An interface joint acceording o claim 22 including
slidabie trigger on the housing, the slidable trigger baing
5 attached teo a push rod that extends out ¢f the housing through

[l
L
S

the cutlet.

z25. An interface joint accerding to claim 24, wherein
the hcusing includes an internal watertight braached
sagevway which defines a fluid flow path between the second

inlet and the ocutlet, and wherein the kranched passagsway has
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a first port adjacent to the first inlet for admitting the
coaxial cabls and a second pert adjacent the slidable triggsy
for admitting the push rod.

Z6. An interface joint according to claim 23 ox 25,
wherein the first port comprising a sealing bung which defines

a watertight passage for the coaxial cable.

27. An interface ioint according to claim 23 or 25,
wherein the second port comprising a ssaling bung which
defines a watertight passage for the push rod.

ce jelnt according to c¢laim &3 orxr 25,

28. An interf:
wherein the internal watertight branched passageway is formad

from a pair of Y-shaped conduits.

29. An interface Joint accerding to any one of claims 22
te 28, wherein cable assembly has an outer diameter in the

rangs 1.2 mm toe 39 mmn.

an interfacs joint according to any one ¢f claims 22

iad

e

to 29, wherein the flexible slesvse has spiral wound
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31. An interface joint according to cialm 30, wherein
the spiral wound reinforcement or spiral wound multiple cross

braiding have a varilable pitch.

int according to any one of claims 22

3Z. An interface Ic
to 31, wherein the housing comprises a strain relief element

mounted in the ocutlet and surrounding the filesxible slseve.

S
>

33. An interface joint according tc any cne of claims
to 32 having a coaxial cable attached to the first inlet via a
interface connection, wherein the interface connection is
arrange to permit relative rotation ¢f the interface joint

relative to the coaxial cable.
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34, Ap interfacs jeint according to any one of claims 22

o 33, wherein the flexible slesve comprisss a muiti lumen

tube,

35.  An interface joint according to claim 34, wherein
the flexible sleeve includes an extruded separator element
inserted insids a singls iumen tube, the extruded separator

element inciuding a plurality of through channels.

36. An interface joint acccording to claim 2%, wherein a

ted Lo & proximal end of

[\

distal end of the push rcd is conns
nezadie ferrule, which has an interral wvelume in fluid

commurniication with the f£iuid flow path through the flexible

siseve, and wherein a needle is mounted in the distal end of
the needle ferrule in fluld communication with the internal
volume,

37. &n interface joint acccrding to any cone of claims 22

te 36, wherein hthe housing is an elongats capscle sized to fit

in an operator®s hand.

38. A torqgue transfer unit for rotating an

D

lectrosurgical Instrument at the distal end of an endosaope

by transferring & user’s reotating force to a flexible sleeve

connected te the electrosurgical ilanstrument, wherein the

£]

torgue transfer unit comprises an elconga clamp arranged to

impart a gripping force along a length of the flexible szleevs
that lies outside the endoscope, the elongate clamp
comprising:

an upper elongate housing member,

a lower elongate housing member pivetably connected to
the upper =2iongate housing member and defining a passage for
the flexiblas siseve,

whersin the upper elongate housing member and the lower
elongate housing member are plvoitable between a releass
position in which the teorque transfer unit is slidable up and

down the flexible sleeve, and a clamping position, in which

the flexible sleeve is gripped hetween the upper elongats

housi member and the lower elongate housing member.
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38. A torque transfer unit according to claim 38,
wherein the upper elongate housing member and the lower
elongate housing member each carry a U-shaped clawmping memberx,
the U-shaped clamping members heing arranged to oppose one
anothar to impart a substantially uniform gripping pressure on
the flsuible sleeve when the upper elongate housing member and
the lower elongate housing member are in the clamping
positien.

40. A torque transfer unit according to claim 38 or 39,
wherein the upper eslongate housing member and the lower
elongate housing member are retainable in the clamping
pesition by a rsleasable clip.

41. A torgue transfer unit accerding to any ons of
claims 38 to 40 including an intermediate deformable grip tube
is positicn arcund the flexible sieeve betwean the flexible

sieeve and the U-shaped clamping members.



