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ENERGY INTQO BIOLOGICAL TISSUE

TECHNICAL PFIELD

The invention relates to an electrosurgical apparatus and
device for delivering radicfrequency and/or microwava

frequency snesrgy into bilological tissue. In particular, the

invention ralates te an electrosurgical instrument capables of
10 delivering radicfreguency (RF} energy for cutting tissue

and/or microwave freguency snergy for hasmoestasis {i.e.

promoting blocd coagulation). The inventicn may bs

sarticulariy sultable in gastrointestinal {(GI) procsdures

e

3

assccelated with the lowsr and upper GI trach, =.%. to remcve
ih polyps on the bowsl, i.e. for endoscoplc mucosal resection, or
endoscoplc submucozal dissection. The invention may also lend
itself to cther procsdurs, e.g. in general surgery or
laparoscoplc surgery. The invention may find use in sar,
nose and throat procedures and liver ressction. The davice may

alse be used to address procedures asscciataed with the

rancreas, =.4. to rzsect or remove tumours or abnormalities in

close proximity to the portal veiln or the pancreatic duch.

BACKGROUND TO THE INVENTION

.

Surgical resection is a msans of removing sacticons of
organs from within the human or animal bhody. Such crgans may

be highly vascular. When tissue is cut {divided or

transected) small blood vessels called artericles are damaged

iV}
2

an cr rupbtured. Initial bleeding is followed by a coagulation
cascade where the blood is turned inte a clot in an attempt to
plﬁg the bleeding point. During an operation, it 1s desirable
fer a patient to lose as little bioed as possible, so various

devices have been develcoped in an attempt to provide blood

3% free cutiting. For sndoscoplc procsdures, bleeds are also
undesirable, and nesd to be dealt with in an expedisnt manner,
since the blood flow may obscure the operator’s vision, which
may prolong surgery and potentially lsad to the proceadure
needing to be terminated and another mathod used inztead, e.g.

RRE open Surgery.
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Electroeurgical generators are prevalent in hospital
cperating theatres, often for use in open and laparoscoplc

rocedures, and lncreasingly for use in endoscopy sultes., In

iy

ndoscopic procedures the slectrosurgical accessory 1s
typically inserted through a lumen inside an endoscope.
Considered against the eguivalent access channsi for
laparocscopic surgery, such a lumern i3 comparatively narrow in
bore and greater in length.
Instead of a sharp blade, it is known to use

radiofreguency {(RF} energy to cut biclogical tissue.
meihod of cutting using RF energy operates using the principls
that as an electric current passses through a tissuse matrix
{aided by the ionlc contents of the cells and the
intercellular electrolyies), the iwmpedance te the flow of
glectrons across the tissue gsnerates heat. In practice, an
instrument is arvanged to apply an RP valtage across the
tissue matriz that is sufficient Lo generate heat within the
calls to wvaporise the water content of the tissus. Howevar,
as a result of this increasing desiccation, particularly

adjacent Lo the RF esmitting region of the instrument {which

g
i
n

the highest currant density of the current path through
tissuse}, direct physical contaect between the tizsue and
instrument can be lost. The applied voltage then manifests
itsaelf as a voltage drop across this small vold, which causss
ionisgaticn in the wveid that leads to a plasma. Plasma has a
very high velume resistivity compared with tissue. The ensrgy
suppllied te the instrument maintains the plasma, 1.e.
completes the slectrical circult betwesn the instrument and
the tissue. Volatile material entering the plasma can be
vapoerised and the perception 1s thersfore of a tissue
dissecting plasma.

GE Z 472 972 describes an electrosurgical instrument in
the form of a spatula comprising a planar transmission line
formed from a sheet of a first dislectric material having
flrst and second conductive lavers on opposite surfaces
thereof, ths planar transmission line being connected to a
coaxial cable that is arranged to deliver either microwave or
RF¥ energy to the planar Lranamission lins, the coaxlial cakle
comprising an inner conductor, an cuter conductor coaxial with
the inner conductor, and a second dielectric material

sgparating the outer and inner conductors, the inner and cuterx
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conductors extending beyvond the second dielectric at a
connection Interface to overiap opposite surfaces of the

transmissicn line and elecirically contact the first

conductive laver and sscoond conduct sy respectively.,
& The first conductive laver is spaced from the end of the

transmission Line that abuts the coaxial cable to electrically

isclate the outer conductor from the first conductive lavsy

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 tizsue, and the width of
the first and second concductive layers iz also selected o
help creats an lmpedancs mabtch between the transmiszsion line
and The coaxial cable.

The spatula configuration set forth in GB 2 472 972

1% provides desirable insertion loss betwesen the co-axial feed
line and the end radiating section, whilst also providing
desirable return loss properties for the edgss of the spatula
when in contact with aly and biclogical tissue respectivelyv.
In mors detail, the insertion loss along the structure may be

240 lass than 0.2 d8 at the freguency of interest, and the return
ioss iess than (more negative than) -1 dB, preferably less
than ~10 dR. These propertiez may also indicate a well
matched Junction betwsen the coaxial cable and the
transmisasion line spatula structure, whereby microwave power

25 iz launched efficiently intoe the spatula. Similariy, when the
edges of the zpatula are exposed Lo alr or bislogical wissy
that is not ¢f interest, the return icss may bs substantially

rero (i.e. very little power radisted intc frse space or

t

¥

undesirable tissue), whereas when in contach with desirable

()
Pl

biological tissue the return loszs may be less than (more

{al

nagative than) -3 dB, preferably less than -10 &8 {i.=s. the
majority of power in the spatula is transferred to the
tissusl},
The instrument discussed in GB 2 472 872 is intended to
35 radiate microwave energy from the edges of the planar
transmission line to cause localised tissue ablation or
coagulation.

GB 2 4772 973 also dizsclezes thalt the spatula diszcussed

above may have an RF cutting porticn integrated therswith.

B
o
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Fhe RF cutting portion may be formed by using the firs
O

s}

econd conductive layers mentioned above az active and return



20

S
25

3

93]

WO 2015/101787 PCT/GB2014/053857

=N

- .

eilectrodes for BF ensrgy. Thiz arrangemsnt may taks advantage
of the fact that the active and return elsgtrodss ars in closs
proximity to one another, thus setting up a preferential
return path to enabls local tissue cubtting action to take
place without the nzed for a remote return pad or a highly
conductive liguid, i.e. zaline, existing bestween the two
electrodes.

In this exampls, the RF cutting portion may comprise a RF
voltage scurce coupled To the planar transmiszion iine, a
frequency diplexer/duplexer unit {or signal adder; comprising
a low pass filter to prevenit the high freguency microwave
energy from going back into the lowsr fregquency RF snargy
sourcs and a high pass filter to prevent the lower freguency

RE energy from geing back inte the higher fregquency microwave

energy scurce. In one s=zample, ths freguancy

diplexer/duplexer may be used to snable tha microwave and RF

0]

wergy sourcas to he combinsd at the generator and dalivered
along a single channel, e.g. co-axial cable, waveguids
assembly or twisted pair, to ths spatula structure. The RE
cutting snergy may be delivered alone inte the tissue or it
may ke mixed cor added with the microwave energy and delivered

simultansously to s&t up a bklendsed mode of cperation.

SUMMARY OF THE TRVENTION

The present invention dsvelops further the spatula
concspt discussed in 6B 2 472 272 and the manner with which it
interfaceas with a gensrator that provides RF and/or microwave
energy for trsatment.

Iin a first aspect, the inventicn providass an further
optimised configuration for the distal end of an
electrosurgical tool for controlled resscticn of hiological
tissue.

In & second aspect, the inventlon provides an interiace
joint for integrating into a single cable assembly all of (i)
a fluid feed, {ii} a needle movement mechanism, and {1ii} an
energy Lzed {e.g. a cable supplving RF and/or microwave
energy) . The cabls aszembly may be sized to fit through the
instrument channel of a conventicnal sndoacope.

In 2 third aspsct, the invention provides a Lorgue

transfer device for permitting c¢ontrolled rotation cf the
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cable assembly within the instrument channel of the endoscor

The intsrface joint and torgue transfer device may be

integrated as a single component.
Acgording to the firat aspect of the inventlion, theres is

providad an electreszurgical instrumsnt for applving to

Diclogiczal tissuese radicfrequency (RE) sotroemagnstic {(EM)
energy and/or microwave freguency EM snergy, the instrument
comprising: an instrument Tip comprigsing a planar boedy mads of
a first dielsctric material separating a first conductive

sment on a first surface thereof from a second conductive

element on 3 second suriface thersof, the second surface facing
in the opposite direction te the first surfsce; a coaxial feed
cable comprising an innsr conductor, an ocuter conductor
coazial with the innsr conductor and a second dislectric
material separating the inner and cuter conductors, ths

caxial feed cable being for conveving an RF signal and/or a
microwave signal; and a protective hull comprising a third
piece of dielectric material mounted to cover the underside of
the planar bkody, wherein the inner conductor is elegtrically
connacted Lo the first conductive element and the outer
conductor iz electrically connected to the sscond conductive
elemant to enable the Instrument tip to recesive ths RF signal
and/or the microwave signal, wherein the protective hull has a
smocthliy contoured convex undersurface facing away from the
planar body, wherein ithe planar body has a tapering distal
edgs, and wherein the undsrside of the planar body extends

bheyond the protective hull at the tapering distal edgs. This

combination of featurss represents an optimal configuration
that balances the accuracy of treatment at the distal tip
{which is enhanced dus to the sxtension of ths planar body
over the protective hull) with the sase of safse manipulation
of the instrument {due to the protective hull itself.

The portion 0f the underside of the planar body that
extends beyond the pretegtive hull at the tapering distal edgs
may be tarmed the extensiocon zone., Ths extension zone may be
uniform arcund the psrimeter of the tapering distal edge.
Alternatively, the extension zone itssif may taper in width
towards the distal tip ¢f the planar body. The btapsring may
be between a minimum valus at the distal tip and a maximuam
value at the proximal end of the tapering distal sdge. Thers

i

may be zero extension at the distal tip, 1.2. the protective
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hull may be contiguous {(i.s. flush) with the planar body at
that peint. The extension zons may be sized to provide a
bheneficial impact on the energy fields emitted by the device,
but without adversely impacting the function of the protecilws
5 null.
The magnitudse ¢f the exitensicn zone may be relataed to,

e.qg. 1in proportion to, the geometrv of the distal
planar body may have any dimensiocns suitable for use in a
particular procsdure. For example, for endoscepic procedures,

¢ the instrument may have an overall outer diameter of 2.2 mm oz
less, preferably 1.2 mm or laesz. The width of the planar body
may thus be 2 mm of less. However, other procedures may ba
less restrictive, whereby the width of the planar bedy may be
up to 2 mm.  The width of the extension zone, i.e. the

i5 distance by with the tapering distal sdge extends beyond the
protective hull in a direction normal te the edge of the
protective hull may be 0.2w or less, preferably 0.lw or less,
where w is the maximum width of the plansar body {i.e. the
maximum dimenszion of the planar body in the directiosn of the

diameter of the lumen or <altheter Tthrough which it is ianserted

in use. Thus, for a planar body having a width of 2 mm, the
extension zone may have a maximum width of 0.2 mm.
In use, the first and second conductive slements may be
arranged te provide a local return path for RF energy, i.8. a
25 low impedance rocute for BF energy to be transported betwesn
the first arnd second conductive elemsnts. The first and

econd conductive elements may be lavers of metaliisation

’;’J

formed on opposite surfaces of the firast dielectric material.

The first and second conductive slements may ke arranged Lo

(el
]

set up a local electric fisld at a contact region in which the
instrument tip makes contact with the biclogical tissus. The
lecal electric field can be extremely high, which mav cause &
microplasma {i.e. a hot thermal plasma) to be formed at the
diztal side porition of the planar body, #.q. where contact is
35 made with the blological tissus. The microplasma may be
desirable in terms of achieving efficilent cutiing.

Meanwhile, for a microwave signal, the instrument tip may

be modelled as a parvallel plate transmission iline with the

planar body representing dielectric material sevarating two

L]

concductive plates. The radiation pattern of the microwave

o
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freguency EM energy in this case depends on the overall shape
of the planar body and the microwave feed structure. In this
particular instancs, the gap at the proximal and betwesn ths
co-axlal feed line {centre conductor) and the upper conductive
5 layer plays an important role in ensuring that the microwavs
energy from the source 1s matched in terms of impedance with
the 1load lmpedance presented by the tiszsue. The overall length

of the planar fransmissicon line arrangement is alsce important

= 4

in terms ¢of matching the lmpedance {(or the energy deliverv) of
10 (or from) the coaxial transmiszion lirne with {or intol ths
biclogical tissue, l.e. the structurs may form a guarter wave
impedance transformer or a half wavsleongth resonatcor. Using
konown almulation tools, this may be modelled to control from
ted.

15 For example, bthe lnstrumsnt tip may be configured to inhibit

witich edges the microwave frequency EM enevgy is radis

radiation of the microwave EM radiation from a distal edge of
the planar hody.
The tapering distal edge may have any suitable profile,

g.g. obtained by computer modeliling the device in particular
20 use conflgurations. The tapering distal edge may bs curved or

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

tapsring distal edge may comprise a straight taper terminated

in a curved distal tip, &£.9. a single radius curved distal

tip., The tapering distal edge may extends around a distal

,,,,,,

third of planar boedy. In one embodiment, the curved distal
gdge may have a curvature formsd frem a plurality of
contiguous radiused sscotions, sach radiused section having &
radius of curvature less than its prozimal neighbour. There
may be three of more section of different radii. The

plurality of contiguocus radiuvsed sections may be arrvanged to

30

give the curved distal edgs a guasl parasbolic shape.
As mentilonsd above, the width of the planar body mav bs
dictated by the intended use for ths instrument. In

endoscoplc procedures, the width may be 2 mm or less, whersas

o
(93]

for other less restrictive procedurss the width may be up to
mm, ©.g9. any of 8 mm or lsss, 7 mm or less, & mm oy less, & omm
or less, 4 mm or less or 3 mm or lass.

The lengith of the planar body (including ths tapering
gistal end; may be related to, e.¢. in proporiion with, its
49 wicdth in order to deliver the RF and/cr microwave fregusancy

energy most aefficiently. The length of the planar body may
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thus be about Lw, e.g. between 5w and 8w, preferably 5.3w
where w is the maximum width of the planar body.

In one embodiment, the planar body has a maximum width of
2 mm and a maximum length of 10,6 mm. In this embodiment, the
Tapering distal edge mﬁy comprise a plurality of contiguous
radiuvzed sactions consisting of a first radiused secticon
having a length of 1.6 mm and a radiuszs of curvature of 12.4
mm, a second radiused ssction having a length of 1.0 mm and a
radius of curvature of 19.2 mm, a third radiused secticn
having a length of 0.7 mm and a radius of curvature of 3.2 mn,
a fourth radiussd sectlion having a length of $.2 mm and a
radiuvs of curvature of 0.85% mm, and a fifth radiused section
having a length of £.1 mm and a radivs of curvature of 0.35
o,

The first and second conductive elements may each
comprise a laver of metallisation, the lavyers of metallisation
being formed on opposite surfaces of the first dielectric
material. The layers of metallisation may be sst back (=.49.
by 3.2 mm} from the sids edges of the first dislectric
material in a proximal regicon of the planar body, to reduce
the fileld strength at this region. The proximal region may
comprise the region of the planar body proximal te ths curved
distal end. This may heln concentralte the snsrgy delivery at
the distal end. The inner conductor and outsr conductor may
contact the first and second conductive slewents in a coaxial
mannsr, i.e. thes first and second conductive elements may be
shaped to be symmetric about an azxis running along the planar
body from the ccaxlal fesed cable.

The undersurface of the protective hull may smoothly

taper at its perimeter o mest the underside of the planav
body. The thickrness of the protsctive hull may also dacreass

towards the distal end of the instrument tip. Thus, ths ouber
portion of the protective hull mav have a convex profile. The
undersurface may have a longitudinally extending recessad
channel formed therein. The tapering edge profile and
recesaad channel may cause the undersurface of the protective
hull to comprise a pair of ridges. The tapered conformal
flowing form of the hull may rsduce the risk of the instrument
digging inte collateral tiasus aiding its ability to glide.
For example, this shape may reduce the risk of the instrument
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digaging into the bowel wall and causing a bowel perforaticon or
may protect the portal velin or pancreatic duct from being
damaged. The particular dimensicns of the hull {e.g. length,

wicith, thicknessz, etc.) may bs adapted teo suit the intended

= use and intended arsa of the body to be operated on.

The protective hull may be formed from a biccompatible

neon-conductive material, zuch as polyether sther keione
{FEEK}, ceramic (e.g. alumina, zizconla or zircenla toughened
ZTE

aluming {ZTA}) or biccompatible plastic that does not atick to

10 the wall of the bowsl {or cother biological fissue) or the

oy

LAl

a
5 the instrument

T

like., Alternatively, the hull may also be formed from a
metaliic material, s.g. titanium, stesl, or may be a multi-

laysr structurs. It may be attachsd {(z2.g. bonded) to

whichever one of the first or zecond conductive sments ia on

15 the underside of the first dieleciric material. However, in

one embodiment, the protsective hull may be formed of ths same
material as the first dielectric material. The protective
hull and first dielectric material may be formed in one piece

as a unitary

body. In this srrangement one or moere planar

G slets may be formad (s.g9. cut} in the unitary body to allow a

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

second conductive material. The conductive material may be

~

nserted by coating one or more Iinternal surfaceszs of the slot.

Altesrnatively or additionally, the protective hull may be

5 selectively metalliizsed to form part of the first or second

conductive elements.
The instrument may inciude a fluid feed conduit for
delivering filuld {e.g. salline} Lo the instrument tip. The

fiunld feed condult may comprise a passzageway bthrough ths

{ srotective hull for delivering fiuid to the treatment site.
j& g

The pazsageway may incliude an outlet located in the racsszed
channel of the protective hull. The ccaxial fesd cabls may
form part of a multi-lumen conduit assembly for delivaring RF
and/or microwave freguency energy and fluid {(liguid or gas) to
. The fluid (protective hull) mayv be conveyed
through 3 corresponding passageway formed within the multi-
lumen condult asssmbly. The fluid fesed conduit may also be
used to deliver other material to the treastment site, e.g. a

gas or a selid (e.g. powder:. In cne embodimsat, intection of

H
2

O fluid {saline or the 1like! is uszed to plump up the biclogical

tissue at the treatment site. This may be particulariy useful

J
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where the instrument is used to treat the wall of the bowel or

1 of the cesophagus or for protecting the portal vein

The wa

or the pancreatic duct when a tumour or other abnormality

lecated In close proximity, in order te protscht these

5 structures and create a cushion of fluid. Plumping up the
Tizsus in thisz manner may haip to reduce the risk of howel
perforation, damage to the wall of the oesophagus or leakage
of from the pancreatic duct or damage to the porial vein, sic.
This aspect of the invention may make 1t capable of

14 octher conditions where the abrnormality (tumour, gr
ete.} ls close to a sensitive bilologlcal structure.

It is advantagecus to be able to use the same instrument
to deliver fluild as delivers RFP and/or microwave energy since
deflation (#.g9. due to fluld seepags or loss of insufflation

1% air) may ooccur if a separate instrumsnt 1s introduced iote the

<

region oy during treatment. The ability to dntroduce fluid

-

using the same treatment structure enables ths level 1o be
topped op as scoon as deflation occurs. Morsover, the use of a
zingle instrument to perform desiceation or dizsection as well
240 3% Lo intreduce fluid alsce reduces the time taken to perform
the overall procadurs, reduces the risk of causing harm toe the
patient and also reducez the risk of infection. Mors
generally, injection of fluid may be used to flush the
Ltreatment region, &.g. to remove waste products or removed
25 tissue to provide better visibility when treating. As
mantioned above, this may be particulariy useful in endoscopic
procaedures.
The undersurface of the protective hull may have &
lengitudinally extending recessad channel formsd therein, and

the fiuid deliverv mechanism may incliude an insulating nsedlie

guide tube mounted within and extends proximally from the
cess channel, and a retractable needle {e.g. hypodermic
neadie} slidably mounted in the needle guide tube. The nsedle

may have an outer diamster less than 0.8 mm, e.g. 0.4 mm. The

)
"

5 needle may be movable in the longitudinal direction betwsen a
deploved pesition in which it pretrudes bevond the distal end
cf the instrument tip and a retracted position in which it is
sel back from the distal sdge of the instrument tip, £.g9.
below the planar body or locates proximal to the planar body.

40 Aiternatively, the fluid feed condult may compriss a

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

the protrusion may havs for a fiuld passage, and

Fad

liks tip for fluild indection

thus may acht as a fixad

into the tissue. The tip of ths cone may proisch slightly

ond the distal tip of the planer body.

Aocording to the zecond aspect of the invention, there is
provided an interface doint for interconnecting an
electrosurgical gsnerator and an electrosurgical instrument
{twhich may be an instrument according to the first aspect of
ths invention), the interface jolnt comprising: a housing made
of slectrically insulating material, the housing having: a
first inlet for racsiving radicfreguency (RF) elesctromagnebic
(EM} energy and/or microwave freguency EM energy from the

electrosurgical generator, a second inlst for recelving fluidg,

7]

and an outlst; a single cable assenbly Ffor connsceting the
outlet o the slectrosurgical instrument, the signal cabls
assembly comprising a f£lsxible slseve that defines a fluid

flow path that 1z in £luid communication with the second

inlet, and which conveys a coaxial cable that is connsoted to
the first inlet.

The electrosurgical generator may be any device capable
of delivery RF EM energy or microwave freguency BM energy for
treatment of bilological tissu For ezample, the generator
described in WO 2012/076844 may be used.

The electrosurgical instrument may be any device which in

use is arranged to use RF EM energy or microwave frequency EM
energy for the treatment of bicloglcal tissue. The
glectrosurgical instrument may usse the RF BM ensrgy and/or
microwave freguency EM energy for any or all of resection,
coeagulation and ablation. For sxample, the instrument may be
a3 resection device as disclosed herein, but alternatively may
be any of 2 palr of microwave forceps, a snarve that radiates
microwave snergy and/or couples RF energy, and an argon beam
coagulator.

The housing may provide a double isclation barrvier for
the operater, i.e. the housing may compriss an cuter casing
{first ievel of isclatiocn) that encapsulates a branched
passageway {second level of isolaticn) within which the

various inputs arve integrated into the single cabls asszembly.

The branched passageway may provide a watsrtight volume which

El
definss a fluld flow path between the second inlet and the
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ocutlet, and which has a first port adiacent to the first inlet
for admitting the coamial cable.

In use, the interface joint may be the location at which
fluld for treatment at the ilnstrument iz introduced. The
cperator of the interface joint may control the introduction
of fluid, e.g. via a syrings or cotheyr fiuid introducing
mechanism attached to the second inlset. Ths interface joint
may aiso include a Tiuld delivery depleovment mechanism that
actes Lo instruct or ceontrol fiunid delivery at the
electrosurglical instrument. For example, ths interface joint
may include a slidable trigger on the housing, the slidakls
trigger being attached to a push rod that extends out of the
houvsing through the cutlet. The push rod may extend through
the flexible shaft to ths =

can conbrol the fiuld delivery atructure. For sxample, the

cctroesurglical instrument, where it

sisctrosurgical instrument may include a retractable nesdle

o

that is switchable into and cut of Fluid communication with
the fluid flow path in the flexible szhaft by sliding the push
rod back and forth,

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

Both the first port and the sscond port may Compriss a
sealing bung which defines a watertight passage for the
coaxial cable and the push rod respectively. The sealing bung
may be formed from a resiliently deformable material, e.g.

rea

3

silicone rubber, whereby the coaxial cable and push rod

25 g s <

encapsulated in the material as they pass through it.  Sealing
na

{

the first and s=zcond ports in this way means that the only
route for fluid ocut of the interface joint is through the
cutlet along the fluld flow path in the flexible sleeve.

The branched passageway may have any suitable
configuration, In one embodiment, it is formed from a pair of
-shaped condults, which are connected te each over to dasfine

a first length in line with the outlet, a sscond length
wtending from a side of the first length at an cbhligqus angle
te the first length, and a third lsngth extending from a side
o¢f the second length. The first length may have the push rod
extending through 1t and may tsrminate at is proximal end in a
sealing bung. The second length mayv have tha ccaxial cable

running through it and may fterminate at its proximal end in a
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et

et

sealing bung. Ths third lsngth may terminate in the second
port for recsiving the fluid. In this arrangement, the
housing may have a platoli-like shape. However, in another
embodiment, the branched pazsageway may have a more compacth

4 confilguration, in which the different isagths of the
passageway rvun substantially parallel tTo each other. In this
arrangsment, the housing may be an alongate capsule sizad to
fit in an operator’s hand.

The interface joint may be particular suitable for

10 gathering a plurality of inputs into a single cable assembly
{l.e. the multi-lumen cable assembly mentioned above) before
it is inserted through the instrument channel of an endoscope.

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

of 9 mm or lezs, e.g. 2.8 mm or izs3s for a flexible wvideo

15 Coloncscops.
In order to facilitate manipulation of the instrument at

the distal end of the instrument channel of the sndcoscope, ths

s2ible slseve wmay be provided with longitudinal braids

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

20 a twisting motion abt the proximal end of the cable assembiy to
the distal end of the cable assembly, where it can cause bi-
rotational rotation of the instrumant becauss the instrument
is attached to the cable assembly. The flexible zlesve may

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

othsrwise attached together with a tube of metallised braiding

in betwesn. The pitch of ths braiding may be variable along
the length of the cable assambly. For example, it may be

useful to have a wider pitch in & regilon =.g. & distal portion

of the cable, wherse flexibility iz important. In oxder to

30 prevent the nmetallised braiding from interfering with the RP
field or microwave field at the iunstrument, a distal portion
of the flexibls szleeve may be providaed in which the hraidad iz

absent. Ths distal porticon mav be manufactured separvately and

attached {(z.g. bonded or welded) to the braided portion.

33 The housing may further comprises a strain relief slement
mounted in the outlet and surrounding the flexible slesve.
The function of the strain relisf element is to limit the
movement of the sleeve ion this location to prevent overflexing
that may damage the internal componasnts.

4G The flexibls slesve may comprise a multi lumen tubs. The

lumens may be formed by inserting an extrudsd separator
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lumen tube., The

element insids a zingi extruded separator

element may include a plurality of through channels {e.y. two,
three or mere). One of the through channels may carry the
push rod (if present). The other chacnels may ke lefi empty,

8 which can ensure that there is alwavs a open fluid fiow path
betwesn the instrument and interface joint for guiding the
coaxial cable and one or more through holes for carrving the
fluid fesed condult and control wire{s). The fluid flow path

may ficod the intsrnal cavity formed by the flexible sleeve,

10 and the ceoaxial cable may bs immersed in the fluid.

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

oroximal end of a needls fervule, which hasz a nsedie clampsd

to its distal end. The ferrule may he hollow, with cone or
more cpenings in its outer wall that cause its intericr to be

1% in fluld communication with the fluid flow path through the
flexible s

such that the needls mounted in the distal end is in fluid

z

seve, The distal end of the ferrule may be open

communicaticon with the fluid flow path. The proximal end of
the ferrule may be sealsed by the push rod.
20 Bocording to the third aspect of the invention, there is

provided a torgus transfer unit for rotating an

cctrosurglical instrument at the distal end of an endoscops

’

by transferring a user’s votating force o a flexible sleeve

connected to ths slectrosurgical instrument, wherein the

torgue transfer unit comprises an elongate clamp arranged to

impart a gripping force along a length of the flsxible slseve
that liss outside the sndoscope, ths elongate clamp
comprising: an upper elongate housing member, a lower elongate

hguging memper pilvotably connecited to the uppsr elongats

3G

housing member and defining a passage for the flexibls sliseve,
wherein the upper =longate housing member and the lowsr
elongate housing member are pivotable betwesn a releass
position in which the torgue transfer unit is slidable up and
down the flexible sleeve, and a clamping position, in which
35 the Tlexible slesve 1s gripped betwsen the upper aslongate
housing member and the lowsr elongates housing membsr.

Thne torgue transfer unitc may thus be designed to zlide
freelv along the length of the flexikle slesve Lo a pozition

that iz convenilant for use. Once ion, tha torgue

transfer unit can grip thes sleeve by plvoting the upper

Py
s

siongate housing member and the lower elongate housing member
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together., The torgue Transfer unilt may include a releasable
clip that allows the upper elongats houzing member and the

-

lower elongalte housing member to be locked in place at any
point. The olip may be a resilient latch element on one of
the uppesr elongate housing member and the lower elongate
housing membsy, which a corresponding catch on the other.

The uppsr elongate nousing member and the lower elongate
heousing member may =#ach carry a U-szhaped clamping menber, the
U-shaped clamping mewmbersz bsing arrangsd to opposs one ancother

to dmpart a substantially uniform gripping pressurs on the
i Y : i >

flexible slieeve when the upper slongate housing member and ths
lowsr elongate housing menber arve in the clamping position.

In 3 preferred embodiment, an intermediate deformable grip
tubz 1s position arcund the flexible sleeve between the
filaxible sleeve and ths U-shaped clamping members. The
intermediate grip tubs may ke made of zilicons or any other
suiltable compliant material. In uss the intermediate
deformable grip tube grips the flexible slesve on compreassicn

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

intermediats grip tube acts Lo distribute the load on the
flexible slesve which can prevent local damage to the wall of
the sleava.

In use, when ths distal tip of thes slectrosurgical

instrument 15 corvectly positioned relative to the diastal end
of the flexible endoscopes within the field of view on the

sndozcope’ s video monitor, it is intended that the endoscopilst

clamps and locks the torgue transfer unit at the exit point of
the flexible shaft from the endeoscope working channel and
immediately adjacent to the endoscops X~Y contrels. When
clamped in this iccation the torgue transfsr unlt provides

finger and thumb rotary and longitudinal positional control of

the distal tip of the instrument. The variable positioning

and clamping of the ftorgue transfer unit allows ths instrumsat

te be used endoscopss of differing lengths {(e.qg.
endoscopes with working chamnnsls anvwhare between 60 and 174
cre longd .

Hersin, radicfreguency (RF} may mean a stable fixed
freguency in the rangs 10 kHz to 300 MHz and microwave
frequency may mean a stakle fizmsd frequency in ths range 300
MHz to 100 GHz. The RF energy should have a frequency high

encugh to prevent the energy from causing nerve stimulati

i
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and fow encugn to prevent the energy from causing tisszue

blanching or unnscessary thermal margin or damage to the

tissue structurs., Freferrsd spot freguencies for the RF

o

energy linclude any one or more of: 100 kHz, 250 kHz, 400kHz,
500 k#H=z, 1 MHz, 5 MHz. Freferred spot frequencies for the
microwave ensrgy includs %1% Mz, 2.45 CHz, 5.8 GHz, 14.% GHz,

24 GHz.

ERIEF DESCRIPTION OF THE DRAWINGS

b=}

Examples embodying the invention as discussed in detall
below with reference to the accompanying drawings, in which:

Fig. 1 iz a zschsmatic view of a complsaste electrosurgery

zntion ls applled:

ayvstem in which ths present inv
%. 2 13 & cross-sectional view of an interface joint

T
FARS

that is an embodiment of ths invention;

hl

Fig., 2 is a cut away perspective view of the inter
Joint shown in Fig., Z;

Fig. 4A ls an exploded view of a torgue transfer unit
that la an embodiment of the invention:

Fig. 47 1s a perspective view of the torgue transfsr unit
of Fig., 43 in an assembled state:

Fig. % is a schematic perspective view of ancther
interface Joint that is an embodiment of the invention:

Fig. 6 is a schematic perspective view of an integrated

interfacs joint and torgue transfer unit that is an embodiment

of the inventilon;

Fig. 7 is & schematic perspective view of another
integrated interface joint and torgue tranafer unit that iz an
enbodiment of the invention:

Fig. 8 is an exploded view of a distal end aszembly for
an slectrosurgsry devics that is an smbodiment of the
invention;

Fig. 3A is a top perspective view of the distal end
assembly of Fig., & in an assembled state:

Fig. 9B is a bottom psrapective view of the distal end
aszembly of Fig. € 1in an assembled state:;

¥Fig. 10 is a cross—-secticnal view of an interface cable
suiltable for use with the preseni invention:

Fig. 113 is a top view of a bipolar structure used in the

distal end assembly of Fig. 8;
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Fig. 1iB 15 a side view of a bipolar structure used in

the distal end assembly of Fig. 4:

is a bettom view of a bipolar structure used in
the d;°+ al end aszsembly of Fig. 5;
5 Fig, 123 is view of & needle assenbly suitable for use
with the diztal end assembly of Fig. 8;
FPig, 12B is an enlarged cross-sectional view through the

nsedle aszembly zhown in Fig. 1238;

Fig. 13 i3 a schematic drawing illustrating a fluid flow

L0 path through an intsrface cable that is suitable for use with
The present invention:
Fig. 142 is & top view of a protective hull usad in the
distal end assembly of Fig. §;
Pig. 14B is a cross-sectional view through the protectiv
1% hull uvsed in the distal end assembly of Fig. 8:
Fig. 153 1s a perspective view of a stopper used in the
interfacs Joint shown in Fig. Z:
Fig. 1b0B 1s a cross-zectional view through the stopper
shown in Fig. 15%3;
20 Fig. 16& is a perspective view of a Y-zhaped connector
gzed in the interface joint shown in Figﬁ 2:
FPig. 14B is

connector shown 1

5 &
Fij
}..
Wl .
l >
o
&

Fig. 178 is an isometric wiew of various stages in the
25 fabrication of 2 distal end assembly for an elecirosurgery
device that i1s an embodiment of the irnvention; and
Fig. 17B is an end view of the complete distal end

agsembly shown in Fig, 17A.

30 DETAILED DESCEIPTION; FUBTHER OPTIONS AND PREFERENCES

Varicusz aspscts of the present inventions are presentad

ry

iow in the context of an slectrosurgery system that provides
an electrosurgical invasive instrumsnt for use in endoscopic

35 procedures for the removal of polyps and malignant growihs
through the controlled delivery of both microwave and RF
snergy. However, it iz to be understood that the aspects of
the ilnventlion presentsd herelin nszed not be limited to this
particular application. They may e sgually applicable in

G embodiments where only RF ernergy is reguired, or where only RF

By
.

energy and fiuid delivery is reguirad.
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Fig. 1 is a schematic dlagram of a complete

scbrosurgery system 100 that is capable of selectivaly
supplying toe the distal end of an invasive electrosurgical
instrument any or all of RY energy, microwave enervgy and
fluid, &.g. saline or hyaluronic acid. The system 100
comprises a generator 102 for controllabkle supplyving RFE
electromagnetic {EM! ensrgy and/or microwave frsquency EM
energy. A suitable generator for this purpose is describsd in
Wo 20127076844, which is incorporated herein by rsferencs.

The generator 102 iz counected to an interiface joint 106
by an interface cable 184, The intsrface djoint 106 is alsc
connected to recelvs a fluld supply 107 from a fluid delivery
device 108, such as a asyringe. The interface jeoint 106 houses
a nesdle movement mschanlsm that iz coperable by sliding a
~rigger 110, The function of the interfacs joint 106 iz to
combine the inputs from the generator 102, filuld deliver:
device 108 and needle movement mechanism inte a zingls
flexible shaft 112, which extends from the distal sand of ths
interface Joint 106, The dinternal configuration of the
interface joint 104 is discussed in more detail below

The flexibie zhaft 112 is inzertable through the entire
length of an instrument {(working) channel of an endoscope 114.
A torgue transfer unit 116 is mounitad on & proximal length of
the shaft 112 betwsen the interface jolint 106 and endoscope
114, Ths torque transfer unit 116 engasges the shaft to permit
it to bs rotated within the instrument channel of the
andoscops 114.

The flexikle shaft 112 has a distal assembly 118 that is
shaped te pasgs through the instrument channel of the endoscope

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

of the endoscope’s tubs. Ths distal and aszembly inciudes an
active tip for delivering RF BM energy and/or microwave EM
energy into bicleogical tissus and a retractablse hypodermis
needle for delivering fluid. These combined technologies
provide a unigue soluticon for cutting and destroving urnwanted
tissue and ths abllity to seal blood vessels arvround the
targeted area. Through uss cof the retractable hypodermic
needlie, the surgeon is able to ilnject saline and/or hyalurcnic
acid with added marker dye bebtween tiszues lavers in ordsr to

oosition of a lesion to bs treated. The

[
&

distend and mark the

indection of fluid in this manner lifts and separates ths
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tissue layers making 1t both esasier to resect arouad the
lesion and plane through the subwmucosal laver, reducing ths
risk of bowel wall perforation and unnecessary thermal damage
o the musclse layer.

As discussed in more detall below, the distal assembly

118 further includes a protsctive polymer hull positioned

under The active Lip Lo assist a tissue planing typs resection
action, again helping to protect against inadvertent
verforation and ensure wviability of the remaining tisszue,
which in turn facllitates more rapid healing and post
cperation recovery.

The structure of the distal assembly discussad below may
be particularly designed for use with a conventional stesrable
flexible andeoascope having a working channel with an internal
diameters of at isazt 2.8 mwe and a channel length of between
a0 om and 170 om.  As such the majority of the comparatively
amall diameter {(less than 2 mm) instrument 1s housed within
the lumen of a much largsr and predominantly polymer
insulating device, i.e., the flexible endoscope channel, which

m., In

[y

typically has an outer diameter of 11 mm to 1-

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

i

from the distal ernd of the endescope channel, in order not to

Block the field of view or adversely a ot camera focussing.
The protruding part of the distal azsembly 1s the only portion

wmaent that ever makes direct contach with the

of the ins
patisent.
At the proximal end of ths endoscope working channel,
which is typicalliy held 30 cm to 80 cm from the patient, the
flexibis shaft 112 emerges from the working channel port and
extends a further 30 om to 100 cm to the intsrface joint 104,
In use, the interface Joint 186 is typically held by a gloved
azsistant throughout the procedurs. The interface Joint 104

esigned and manufactured from polymer matsrials in such a

&

way a8 to 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
ceaxial interface, which 1z designed to allow continuous

clockwise or counter clockwise rotation. This permits the

interface joint 106 to rotate with the torgue transfer unit

116 under the control of the endosceoplst. The assistant

supperts the interface Hdoint 106 throughout the procedure in
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order to assist the endescoplst with sympathetic instrument

rotation, needle contrel and fiuid iniscotion,

Interface jeoint & torgue transfer unit

Figs., 2 and 3 show the structure of an interface ioint
28 that is an embodiment of the invention. The interface
oint comprisss a hard plastic shell 122, which encases
several Internal componsnts. In Figs. 2 and 3 one half of the

in shall 122 is removed to show the ilnside of the jcint. The

+

shell 122 is in the shape of a pistel, i.2. 1t has an uppsr
barrel portion 121 and a icowser adicining portica 123 which
extends away from a proximal end of the uppesr darrel portion
at an obligue angle. The upper barrel portion 121 contains

15 the needls movemsnt mechanism, while the lower adjoining
poertion 1232 contains the connections for the fluid and energy
faeds.

Tha core of the interfacs joint 120 is a pailr of Y-shaped

conduits 124, 126 which are mated together to define a

20 branched passzageway. The Y-shaped conduits may be made from
polycarbonate or other suitable hard plastic, and are shown in
more detall in Flgs 163 and 168, A first length 128 of the
branched passageway is mounted in and lies slong the upper
barrel portiocn 121 of the shell 122. The first length 128

recelves at 1ts proximal end a push rod 130 for controlling

deployment of the retractable neadle. Thes push rod 130 has a

crooked proximal end 132, which is mounted, 2.g. heat staked,

in & needlie slider 134. The needle slidey 134 i

Us

mounted in the upper barrel porticn 131. The nesdle sliderx

30 134 incliudes a preotruding thumbd trigger 138 for moving the
slider toe and fro, which causes the needle teo slide in and out
of the distal asszembly. Ths proximal end of the first lsngth
128 is sealed by a silicons bung 138, which is shown in more
detall in Figs. 152 and 18B.

35 & second length 140 of the branched passageway ls mounted

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

obligque angle to the first length 128. 7The sescond length 140

i

]
144

conveys a coaxial cable 142 from a proximal QMB-type connector
toe the proximal end of the firszt length 128, where it
40 meets the push rod 130 and exits the interface joint 120

93]

through the distal outlist 146, Ths QMA-Lyps connsctor 144 i
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connscted to the interface cable from the generator.

c
coaxial cable 142 may be a Sucoform 047 coaxial cable coated
in a 30 pm laver of Parylene €, The coaxial cable 142 may
pass through a silicone zealing plug 148 at the proximal end
of the second iength 140,

B third length 130 of the branchad passageway lsads off
from the second length 140 fo provide a outward facing fluid
receiving port 152, The f£luid receiving port 152 may be a
threaded luer lock fitting, for sealing engagsement with a

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

bung 138 cause the branchesd passageway to be sealed in a

watertight manner, whereby fluild introduced at the fluid

receliving pert 152 can only exit the interface doint 120

through the distal outlet 1446.

The distal outlet 146 of the interface Joint receives
therethrough a proximal portion of the flexible shaft 154 that
is introduced into the instrument channel ¢f the endoscope.

The flsuible shaft conveys the fluid, push rod 130 and cocaxial

cable 142 as discussed below. A proximsl end of the flexible

shaft 154 is directly bondaed intce the branched passageway so
that there 1s some overlap along the uppsr barrsl portion 121,

This bonded junction is masked by & covering 136 (s.g. of
silicone rubber) which fitzs like a stretched glove and is
bonded in place. The covering 156 operates as a straln relief
element, and also doubles as an end of shaft flexible bend
restrictor.

The primary ussr of the intsrface joint 120 may be the
endoscopist’s assistant. In use, the operator typlcally
offers the distal tip of the instrument to the endoscopist for
insertion down the working channel of the flexikle endoscops,
makes the elecitrical connection betwesn interface Joint 120
and the interface cable {which is cornected to the gensratorn)
and then supports the interface joint 120 itself throughout
the procedurs. During the procedure the operator can inject

the distension/marker fluilds asz required via 5 to 20 ml

Q.

{0

syringes attached to the fluid receiving port 152 and operat

the nesdle siider 134 as instructed by the endoscoplist.

The flexible shaft 154 comprizes an cuter cannuia tube
that contains the coaxial cable 142, push rod 130 and fluid.
The specific internal structure of the flexikle shaft iz

discussed below with reference to Fig. 10, The distal
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agsembkly iz fixed to ths oubter cannula tube in a manner that
means any rotation applisd to the tube 1s passad to the distal
assembly. Accordingiyv, o permit rotatable manipulatica oF
the distal assembly, a torgue transfer unit is mounted on ths
flexible shaft in order te facilitate rotation thereof.

Figs. 42 and 4B show a torgue transfer unit 158 that is
an ambodiment ¢f the inventlion. Essentially the torgue
transfay unit 158 is an elongate clamp that imparts a gripping
force along & length of the flexible shaft, By gripping a
length c¢f the shaft, the torgue transfer unit can apply a
lowear mazimum pressure, and therefore preavent damage to ths
flaxible shaft and itz contents.

Bs shown in Fig. 45, the torgque transfer unit 158
comprises an upper elongate housing member 180 and a lower
sglongate housing member 16Z, which are hinged together about a
pivot rod 164 at a distal end thersof. The upper elongate
housing member 160 and the lower sliongate housing member 162
each carry a U-shaped clamping member therein 16c. The
clamping members 165 opposs cne another, whereby pivoting the
upper elongate housing member 160 and the lowsr elongate
housing member 162 relative to sach other alters the distancs
betwesn the clamping members 166, A deformable tubs 168 iz
mounted betwesn the clamping members 166, The deformable tube
168 1s threasded on to the flexible shaft, which passes though
holes 178 1in the distal and proximal faces of the torguse

T d

transfer unit 158. In usze, the upper slicngate housing member
160 and the lower elongate housing membsry 162 ars pivotable
petween a rslease position in which the torgue transfer unit
can be s3lid up and down the flezible shaft, and a clamping
position, in which the deformable tube 168 i3 sguashed betwesn
the clamping members to impart a gripping force on the
flaexible shaft. The upper elongate housing member 160 and the
lower elongate housing membsy 162 can be retasined in the
clamping positicon by a relsasable clip 172. The distal end of
the torgue transfer unit 158 has a series of circumfersntial
indentations designed to be grippsd by the thumb and
forefinger of the operator, to facilitate rotaticn.

Fig. % i3 a perspective view of an interface Jjoint 180 in
conjunction with a torgue transfer unit 15% that 1s another

embodiment of the invention, Ths torgue tranzfer unit 158 is
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the same as that discussed above with reference to Figs. 44
and 48 apd is not discussed again.

The interface joint 180 in this smbodiment comprises a
compact barrel-like body 182, which facillitates rotation by

5 the endoscopist’s assistant. In particular, the interface
cable 104 iz comnectad in axial alignment with the body 182,
e.g. via a snap-fit rotary ccaxial cocanector. The body 182
includes a nested barrel 184 for receiving a svrings 188 o
deliver fluid. The nested barrel 184 may include a viewling
10 window 18¢ to show how much fluid remains.

In this embodiment, a needle slider control 190 is
mounted towards the nose of the body 180 for thumb control
whilst the body 182 is supported in the palm of the hand. The
slider 130 may have free reciprcocal movement as in the

15 embodiment shown in Figs. 2 and 3. & latch mechanism {(nob
shown} may be provided to lock and park the slider in the
fully retracted needle positicn. Alterpatively the slider may
have a aspring-leoaded actlon which biases the mechanism into
the retracted state. With the sprung lcaded option the user

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

Fig. 6 i3 a perspsciive view of a combined interface
joint and torgue transfer unit 192 that is another embodimsnt
of the invention. &A1l functions of the zeparvate Ltorgus

23 transfer uniit and interface doints discussed above are
provided hers within a single moulded assembly. However, ~he
combined uniit iz not able to siide along the flexible

sha
gtiy should be olosely

use, wnich msans that the instrument ig
matched To the endeascope working chanmnel length. Howewver, an
30 advantage of thiz arrangement iz that there is more microwave
power avalilable at tThe active Lip in the diztal assembly
ecause a shoerter instrument length means less power 1s lost.
The combined unit 192 cowmprises a waisted barvel 194 with

a faceted distal end 196 to facilitate sasy finger and thumb

(93]
(92

as rotary control. A nesdie slider 198 is mounted towards the
back of the barrel 1%4 due to the natural hold and support
position by the endoscopist during these procsdures.
As an alternative to the nesdie slider 198, a hinged
rocker type control lsver could be used for eass of thumb
46 control. With this design needls zliider {or rocker) latch

forward and back would be regulred or latch back and sprung
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forward control to énable one handed coperation and fiuid
injection by the endoscoplist, l.2. to give ths endoscoplist the
freedom to use their second hand to hold or manipulate the
gndoscope.

Fig. 7 is a perspective view of a combinsed interface
joint and torgue transfer unit 200 that is ancther embodiment
of the dlnventicn. The combined unit 200 is similar to the
device shown 1n Filg. 6 except for a remote syringe fluid

inijection coupling 201. The combined unit 200 comprises a

n

siim barrel-like body 202 with a facetsed distal end 204 and a

needle slider 206 which functicn as discuzsed above. The body

ks

G
202 haz a slim, compact design bhecause it deoes not also need

to houss a syringe. Instead, the body 202 is conneciasd to a
fluid receiving port 208 via a fluid feed line 2Z10. Thisz
arrangement may permit the device to be used with larger
syringses of unrestricted barrel diameter. The body in this
arrangement may alsc be more lightweight than that shown in
Fig. 6. In this embodimsnt The distal end 204 of the body 202

g

inciudes a recessed flat face Z1iZ, which ¢

3

cws abutted
location against the endoscope port cap for added stability.

A5 with this device shown in Fig. &, this sclution {as shown)
regquires the instrument length to be closelv matched to the
third party endoscops working channel length, and thersaby

offers the potential for mors microwave power avallability at

g

the instrument

It may be poszsible to bulld in short axial adijustment of
up £o 100 mm within the combined barrel-zhaped units shown in
FPigs. ¢ and 7. This may snable the endoscopist to fine tune
the inatrumsnt length to hissher flexible endescope of choice.
This added functicnality could alse minimise the number of
product varlants regquired to cover the range of present day
whird party endoacopes.

Figs. 15A, 138, 1o6A and 168 show further details of some
of the internal componentz of the intsrface joint.

Filgs. 15A and 15B are raspectively psrapecitive and cross-
gectional views of the bung 1358 that sealsz the proximal end of
the first length of the branched passageway. The bung

comprisss a rotary luer lock fitting 246 and a integral

sealing diaphragm 248, e.g. made of resiliently deformable

rubber.
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Figs. 16A and 16B show the Y-shaped conduits 250 from
which the branched passageway 1s formed. Each Y-shaped
condult has a main linear channel between a Ffirst inlet 252
and an outlet 254, and a sacond channel at an cbklique angls to

3 the main linear channel, the sscond channel having a second

inlet 256 and joining the main linear channel abouit halfway

along its length. Each of the first inlet 252 and the second
inlet 256 has a rotary luer lock fitting 2538,

10 Diztal assembly configuration

"

Figs. 8, 94 and 2B zhow details of a distal assembly 2314

asodiment of the

comprising an active tip that iz an
invention. Fig. 8 shows an exploded view of the componsat
15 that form the distal assembly 214. The distal assembiyv 214 1
mounted at the distal end of the outer cannula tube 216 of the
£

provide a torgue transfsr function, the maijority of the outer

xible shaft 154 that is discussed above. In order to

cannula tubs 216 1s formed of a braided tube, ¢.g. comprising
20 a braided wire {(&.g. stainless stesl) wrap mounted bastween a

outer polymer

radially inner polvmer layer and a radial
layer. However, to avoid the braid material from interfering
with the deliver of RF and/or microwave freguency EM snergy to

portion 218 of the cuter cannula

the distal asssmbiy, a dist
25 tube 216 iz mads purely of the polymer lavers, i.e. without an
intemal braid.
The distal porticn 218 of the outer cannula layer 216
fits on to a corresponding prozimal part 220 of a protsciive
hull 222, The protective hull iz formed from polyether ether

3¢ ketone {(PEEK} cor any other suitable enginesring plastic, and
iz shaped to perform a number of functicns, i.e.
~ mount the distal assembly on the flexible shaft,
- provids a protective undersurfasce for the active tip,
~ provide a protective housing for the needle, and
35 ~ lowoate the active tip relative to the coaxial cable.

The parts of the structure of the hull 222 that perfeorm thase
functions are discussed in more detall below with reference to
Figs. 143 and 14R.

The distal assembly 214 incliudes an active tip 224, which

.

40 iz a planar plece of dielectric material (e.g. alumina) having
e.g. of gold) on its upper and lowery

conductive layers |
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surfaces. The distal end of the active tip 224 is curvad.
The conductive lavers are electrically connectad to the innerx
and cuter conductors of the coazial cable 142 that iz conveved

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

cable 14Z, its cuter shsath ls removed Lo expose a length of
the cutsasy conducter 226. The innsr conductor 228 of ths
ccaxial cable extends basyond the distal end of the outbtsr
conductor 226, The coazxial cable 142 and the active tip 224

are mounted relative to cone another zo that the protruding

part of the inner conductor 228 lies c¢n a first conductive
layer of the active tip, whils the outer conductor 225 is
brovght into electrical connsction with a seoond conductive
1la

L

conductive layer 1s izclated from the oubter conductor 226 and

yver by & conductive adapior element 230, The first
the sscond conductive layer iz isclated from the inner
conductor 2Z28. Further details cf the configuraticon of the
active tip are discussed below with reference o Figs. 11A to
11

When assembled, as shown in Figs. %3 and 28, the activs
tip 224 and coaxial cable 142 are bonded to each other and to
the hall 222 by the application of spoxy adhssive over the
portion of the inner conductor 228 that projects from the
cuter conducter. This epoxy adhesive alsco sarves to form an
end piug for the outer cannula tubs, l.e, & filuld tight =zeal
that msans the only exit for fiuid introduced at the interface
joint is through the nsedle.

Tne hull 222 includes a vecess for retaining a needle
guide tube 232, =.g. made of polyimide. In use the distal
assembly 214 makes an intimate contact with the patient. The
naedle &34 carn bs extended heyend the distal end of the active
in 224 and retracted to a position back inzids the guide tube
232 via control of the siider mechanism on the interface
oint., In its extended position, the neadle is used by ths

sndoscopist to indect fluid for the purpese of locally

ending and marking tissue. The conductive lavers on the
active tip 224 form ki-polar electrodes for delivering RE

and/or microwave freguency energy.

The nzedis guide extends bach inside and prozimal to

the distal asssmbly Lo provide extanded creespage clearance to

snsure R¥/microwave activation only occurs across the distal

tip region of the achtive tip £24.
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3imilarly it can be seen that the conductive laver 235 is

recessed back in behind the distal tip region of the active

tracking/o
3 the active tip, furthesr ensuring that RF/microwave ene

ccused towards the distal end and intentional achive slsment

Fig. 10 shows a typical cross section of the flexibls

~

shaft 154, The flesxible shaft may run for 2.3 m {or 2.0 m),

10 i.2. the entire langth of the instrument connecting tha

intarface joint to the distal assembly. During use the

majority of this shaft length sits within the working channel

of the flexibles sndoscope. The £ bie shaft 154 comprises

the cuter cannula tube 216 {i.e. the bralded tube discussed

15 above), which forms a fluld tight cannula 237 and slsctrical

barrier between user/patient, and the coaxial Sucoform cable

142 which in ditself is further insulated. The ot cannuila

tube 216 alsc houses a 3-lumen PTFE extruded tube which

srovides a low friction pathway for the push rod 130 and
3 “

3

fiuid

20 stabii:

ty/support o the construction whilst ensuring
pathway is maintained along the full length of the cannula at
all times.

Through the length of the flexible shaft 154, ths coaxial
cable 142 (e.g. Sucoform 47 cable) forms one lumen of a

ction with the braided and double insulated

25 compasite cons

La tube 216 forming the flexible protective

cuter canm

instrument shaft. To manage ths potential thermal risk poszed

in use activation controls may be imposed on the use of

ct

microwave energy by the generator., For sexample, in the firs

w
<

application instance activation may be limited to 20 s
{continuvous oubput), and thereafter the average powsr
incidesnce on the proximal end of the distal aszsembly may be
limited to 4 W. This control may be imposed Independently of
the endescopist, e.¢. via the genervator scoftware. With this

4 control in places a temperature of 40°C has been chserved afterx

e
J

-

20 s continuous activation on the polymer asurface of the

instrument shaft immediately distal of the interface joint.
After 20 s the

as further continuous
microwave achtivation by the Endoscopist iz aut
a

aperature then falls

omatically

40 interrupted by the generator software. Full 20 s activation

I
capacity may bs prevented until 240 s (12 x 20 ) has elapsead,.
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o

In practice, it may not bhe necessary Lo activate ths

Iy

coagulation functicon for longer than 10 8 dus to concerns over

perfusion at the tip resulting in potential full wall

i

thickness injury to ths bowel wall.

5 Figs. 114, 118 and L1iC illustrate the dimensions of one

used in smbodiments

(o2
@

ezample of an active tip 224 that can
of the inventicn. Thes overall length of the active tip is

10.6 mm, with a maeximum width of 2 mm and a height of 0.5 mm.
The layver of metallisation on the active Tip has a3 thicknsss

i0 of §.03 mm. The curved distal end is manufactured as a

i

towards the distal tip. In this embodiment there are five

T

€

plurality of radiuvsed sections of decreasing length and r

different radiussd section, but more could be used. Thsa

<=

iength of each section and its corrssponding radius of

e

18 curvature is given in Tadble 1:

G.2 o gy

0.1 0,35

Table 1: Curvature at distal end of active tip

20 Az mentioned above, the conductive lavers on boith surface
arae set back from the edges of the dielectric zubstrate by a
distance of 0.2 mm aiong the proximal & mm of the tip. and to
ensure that the top conductive layer is isclated from the
outer conductor of the coamial cable, the top conductive layer

25 is set back from the proximal edge of the dielesctric substrate
by a diztance of $.¢ mm.

Figs. 12A and 128 depict the transiticon from the push rod
130 to the needie 234. A nesedle farrule 240 ls connscted to
the push rod 130 at a proximal end therecf and iz connected to

-

a0 the needle 234 at a distal end thereof. A set of holes in the

ocuter surface of the nesdie ferrule 240 permits ingress of
Q

ermi
fluld from ths flexible shaft for deliveryv out of the nesdle
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234, As shown in Fig. 12B, the push rvod 130 acts as a stopper

in the prozimal end of the ferrule 40, thereby preventing

fluld from eszcaping in the wrong directiocn.

Fig. 13 illustrates schematically the flow path for the
fluid. ZImmediately proximal of the distal assembly the
injected fluid that has paszsed down the flexwible shaft 154
from the syringe 1z forced throush four small radial holes 242

ferrule 240 and thence into the

central to thse needis
hypodermic needle 234 for indection into the patient.
hull

2Z2. As shown more clearly in Fig. 98, the distal end of the

Figs. 143 and 148 show ths shaps of ths protec

hull i1z shaped to psrmit the active tip to overhang it by
arcund 0.2 mm arosund the distal edge excespt at the distal tip.
The zurface that contacits the underside of the active tip

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

in an intermediate portion 223 before tapering to its distal

tip in a distal pertion 225, The distal tip may be & single
radiused curve, e.g. having & radius of 0.2 nm.

Mzanwhile the prowimal end of the hull defines an oblong
recess for recelving the proximal end of the active tip. The
obleong recess ls bordered by a pair of wings 244 on =ach side
which act tTo retain and align the active tip as well as define

a volume for receiving ths adhesive that covers the exposed

inner conductor of the coaxial cable.

ly of &

end porticn 300 for an elesctrosurgical inztrument that

Fig. 17A shows various stages in the asss

dista
18 another embodiment of the invention. The leftmost view in

Flg. 178 shows an innsr tube 302 mads of a conductive

rial. This ilnner tube 302 represents the inner conductor

of the coaxial feed discussed above., The sccond view from

left in Fig. 172 shows an outsr tube 304, which first over the
inner tube 302, The culter tubs 304 may bs formed as a tube of
insulating dislectiric material having a conductive ceating on
its outer surface. The conduchtive coating acts as the outer
conductor of the coasial feed.

At the distal end of the ocuter tubs, & porticn of the
conductive coating 1s stched away to expose a norticon 308 of
dielectric material. An island 308 of conductive coating is
Left on the top surface of the outer tube at its distal end.
The island 208 iz separated {(l.e. slasctricalliy isclated) from

the rest of the conductive coating 304 by

iposed portion
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306 of dielectric material. A tongue (not ahown) of

om surface of the

conductive ccoating is formed on the bout
outayr tube at its distal snd with a similar shape and size to
the island 308. However, the tongue remains in electrical

& contact with the rest of the conductive coating, i.s. it is an

extension of thse cuter conductor.

& hole 310 {s.g. having a diamstsr of 1 mm) is formed in

the island 308 through the conductive ceating and insulating
dielectric material, thereby exposing the inner tube 302, The
ie hole is then filled with a conductive material (e.g. epoxy

zilver) Iin order to slectrically connect the innsr tube 302

with the lsland 308. Az a result, the distal end of the outer
tube has twoe coppossd electrical contacts on its cubter surface,
A first contact {(the island 308) is in electrical connagtion
15 with the inner tubs 302 (i.s. inner conductsosr) and a seaond
contact {the tongue) 1s in electrical connection with the
conductive coating of the cutser tube 204 (i.e. oubter

conductord .

The third view from left in Fig., 174 showzs the next stage

20 it assambly, where an lnstrument tip 312 is inserted into ths

ent
distal esnd of the outer tube 304. The instrument tip 312
comprises a planar pisce 314 of rigld dielectric, e.q.
ceramic, such asg alumina. The cuber tubs 304 has two opposing

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

w3
5

2.0. a8 an interference fit or using suitable adhesive.

The side edgss of the planar pisce 314 taper in & gquaszi-
parakolic manner Lowards the distal end therecf. The flat
upper and lower szurfaces have conductive lavers, e.g. of goid

or silver metailiszation, formsd therecn. The upper layver 318

(VY
(o]

is wisible in Fig. 174,

The right most view in Fig. 17A& shows the final stage of
assembly, in which the first and second contacts are
glsctrically connected respsctively to the upper and lowsr
conductive laye s on the instrument tip 312 using a plece of
35 conductive foil 318,

#Fig. 178 shows an end wview of the distal end portion 300

N

after asszembly. Here it can be ssen that the lower pisce of
conductive foll 329 has a hole 322 formed therein through

which the reftractable neadlie discusszed above can pass.
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1. An electrosurgical instrument for applving to

biolaogical tiszsue radiofreguency (RF) electromagnetic (EM)
X

) energy and/or microwave freguency EM energy, the instrument
comprising:

an instrument tip comprising a planar body made of a

firat dielectric naters

separatiog a first conductive

glement on a first surface thereof from a sscond conductive

{

10 element on second surface therecf, the s=scond zurface facing

direction to the first surface;

a coaxilal feed cable comprising an inner conductor, an
cuter conductor coaxial with the inner conductor and a ssocond
dielectric material separating the inner and oubtsr conductors,

the cnaxiazl fead cable being for conveving an RF signal and/or

19
L

a microwave signal; and
a protective hull comprising a third piece of dielsctric
material mounted to cover the undevside of the planar bady,
wherein the inner conductor iz electrically connected to

the first conductiwvsa mant and the outer conductor is

eiectrically connectad to the sscond conductive element to
enable the instrument tip te recslve the EF signal and/or the
microwave signal,
wherein the protective hull has a smoothly contoured
25 convex undersurface facing away from the planar body,
wherein ths planar body has a tapering distal edge, and
whereln The underside of the planar body extends beyond

distal edge.

orotective hull at the tapering

30 2. An electrosurgicel instrumsnt according to claim 1,
wherein the underside of the planar bedy extends beyond the
rotective hull at the tapering distal edge 0.2w or iass,
where w 1z the maximum width of the planar bodyv.
35 3. An electrosurgical instrument according to claim 1

cr 2, wharein the tapsring distal edgs sxtends around a dista

third of wlanar body.
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4. An electrosurglcal instrument according to any
preceding claim, wherein the tapering distal edge comprises a
radiused distal tip.
5 5. An electrosurgical Iinstrument according to any
preceding claim, wherein the tapering distal edge iz a

continuous curve.

G. An electrosurgical ilnstrument according to claim 5,
10 wherein the tapering distal edgs has curvature formed from a
plurality of contiguous radiuvsasd sacticns, each radiussd
section having & radius of curvature less than its promimal

neighbour,

1% 7, An electrosurgical instrument according to any
praceding claim, whersin the planar body haz a length of
petween 5w and 6w, where w 13 the maximum width of the planar

body.

2G 2. An electrosurgical instrument according to any
preceding claim, wherein the maximum width of ths planar body

is ¢ mm or less.

9. An electrosurgical instrument acoording te claim 7,

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

10,  An electrosurgical instrumsnt according to any
preceding claim, wherein the first and sscond conductivs
slamants each comprise a layvers of metallisaticn, the layers

3¢ of metallisation being formsd on copposiits surfaces of the

firat dielectric material.

11.  An elecitrosurgical instrument according to claim 10,

whereln the layers of metallisation are set kack from the side

La

5 edges of the filrst dielectric material in a proximal rvegion of
the planar body.

12.  An =lsctrosurglcal instrument according to olaim 11,

wherein the prozimal region comprises the region of the planar

40 body proximal to the tapering distal end.
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13. an electrosurgical instrument according to claim 11

oy 1Z, wherein the lavers of metallisation are set back by 0.2

! 4. An electrosurgical instrument according to anvy
preceding claim, whereln the protective hull iz made from

polvether sither ketone {(PEEK) or ceramic.

L5 ectrosurgical instrument according toe any
19 preceding aim, wherein the probtsctive hull and first

dielectric material are formed in ons pisc

1o, An eslectrosurgical lnstrument acocerding to

o
[
o
o

recading claim, wherein the protective hull is selectively
N Z
15 metallised to form part of the first conductive elemant or

second coanductive element.

17.  An electrosurglcal instrument according to any
preceding claim incliuding a fiuld feed conduit for conveying
20 fiuid to the instrument tip for deliwvery out ¢f the

instrument.

18. An setrosurgical instrument according teo olaim 17,
wherein the fluld feed condult comprisss a sleeve that defines

25 a lumen for transporting Tluild to the instrument tip, the
sleeve having the planar hody and protective hull secured at a
distal end theresof, and being arranged to carry the coaxial

cable in the lumsan.

30 19, An electrosurgical instrument according to claim 18
including a2 fluid delivery mechanism mounted at the distal end
of lumen of thes sleeve, the {luld delivery mechanism being
operable to deliver fluld from the lumen through the
protective hull.

-

20. An el

»otrosurglical instrument according to claim 19,
wherein the undersurface of the protective hull hasz &
longitudinally extending recessed channel formed therein, and
wherein the fluld delivery mechanism includes an insulating

40 needle guide tube mounted within and sxtends proximally from
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the recess channel, and & retractable needle slidably mounted

in the nseé guide tubse,

21. An electrozurgical instrument accerding to claim 19,

5 wherein the undersurisce of the protective hull has a tubular

protrusion integrally formed therein, the tip of the

protrusion having an outlet for ejecting a fiuid

22, An interface Jeoint for interconnecting an
10 electrosurgical generator and an electrosurgical instrument,
the interface doint comprising:
3 nousing made of electrically insulating material, the

housing havings:

a first inlet for recsiving radiofreguency (RE)

i5 glectromagnatic (EM) snergy and/cr microwave freguency EM
energy from the electrosurgical generator,
& second inlelt for receiving fluid, and
an outlet;
a single cable assembly for conneciting the outlet o the

slecirosurgical instrument, the signal cable azsembly

comprising a flexibkle slesve that defines a fluid flow path
that is in fluid communication with the second inlet, and
:d to the first

which convevs a coaxial cable that is connect

iniet,

E

23, An interf:

the housing includss an internal watertight branched

ace joint sceoording to claim 22, wherein

passageway which defines a fluld flow path betwesn the second
inlet and the outlet, and whereln ths branched passageway has
ag a first port adiacent to the firat inlet for admitting ths

coaxial cabhle,

24,  An interface jolnt according to claim 22 including a

slidable trigger on the housing, ths slidable trigger baing
attached te a push rod that extends out of the housing through

the outlist.
5. An interface joint according to claim 24, whersin
the housing includes an internal watertight branched
10 passageway wnich defines a fluld fiow path betwsen the gsscond

inlet and the ocutlet, and wherein the branchad passagaway has
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a first port adiascent to the first inlet for admitiing the
coaxlal cabls and a second port adjacent the slidable trigo:
for admitting the push x

Lo~

26. An interface joint according to claim 23 or 2%,

wharein the first port comprising a ing bung which defines

a watertight passage for the coaxial cable

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

28.  An interfacs jeint according to claim 23 or 25,
wherein the internal wateriight branched passageway is formad
from a pair of Y¥-shaped conduits

23,  An interface joint according to any ons of claims 20
to 28, wherein cable assembly has an outer diameter in the
rangs 1.2 mm o toe 3 omm.

3G. an interface deoint acoording toe any one of claims 28
to 29, wherein the flexible slesve has spiral wound
reinforcemant or spiral wound multiple cross braiding therein

i

ist in the transfer of torgue.

31.  An interface Jjoint according to olaim 304, wherein
the spiral wound relnforcement or spiral wound multiple cross
braiding have a varilable pitch.

32, An interface jcint according to any one of claims 22
to 31, wherein the housing comprisss a strain relief element

mounted in the outlet and surrounding the fisxible slseve,

]
>

33,  An interface joint according Lo any cne of claims
to 32 having a coaxial cable attached to the first inlet via a
interface cannection, wherein the interface comnnection is
arrange to parmit relativs rotation of the interface joint

relative to the coaxial cable.
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s joint accoording to any one of claims 22

vl
~
noow
]
=t
- o
a
=
by
1]
0

he flexible slesve comprisss a multl lumen

35, An intesrface joint cording to claim 34, whereln

ac
the flexible slszeve includes an extruded separator &lement

inserted insids a single lumen tube, the extruded separator

element including a plurality of through channels,

36. An interface Joint according to claim 2%, wherein a
distal end of the push rcod is connected te & proximal end of &

neadie ferrule, which haszs an internal volume in fluid

=

end of

communication with the £luid flow path through the flexibilie
siseve, and wherein a needle iz mounted in the distal

the needle ferrule in fluld communication with the internal

volume.

A\
s

Ny

37.  An interface Jjoint according to any one of claims 2

to 36, wherein the housing is an elon sized to fit

in an operator®s hand.

38. A torgue transfer unit for rotating an
elecitrosurglical instrument at the distal end of an endoscope

by transferring a user’s rotating force to a flexible zsleeve

connected te the electroszurgical instrument, whersin the

torgue transfer unit comprisss an slongats clamp arranged to

impart a gripping force along a length of the flexible aleevs
that lles outside the endoscope, the elongate clampg
compriasing:

an upper elongate housing member,

a lower elongate housing member pilvotably connected to
the upper =longate housing member and defining a passage for
the flexibla sliseve,

wherein the upper elongate housing member and the lower
zlongate housing member are pilvotable between a release
position in which the teorgue transfer unit is slidable up and

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

the flexibie szleeve is gripped between the upper elonga

housing member and the lower elongate housing member.
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39, A torgue transfsr unit according to oclaim 38,
wherein the upper elongate housing member and the lower
slongats housing membesr each carry a U-shapsd clamping member,
the U-shapad clamping members bheing arranged Lo oppose onsg
another to impart a substantially uniform gripping pressure on
the fiszxible sleeve when the upper slongate housing membsr and
the icwer elongate housing member are in the clamping
position,

0. & torgue transfer uniit according to claim 38 or 39,
wnerein the upper elongats housing member and the lowsy
elongate housing member are retainable in the clamping

position by a releasable olip.

41, A btorgue btransfer unilt according to any ong of
claims 38 te 48 incliuding an intermediate deformable grip tube
is positicn arcund the flexzible sleeve betwesn the flexible

sleeve and the U-shaped clamping membsrs.



