Titl e: RADI ATI ON APPLI CATOR Abstract Radiation applicators conprise an

el ongate device having an antenna (240, 340) at theirig of upl i ng
radiation into biological tissue and a dielectric body dggéﬂ %éﬁ%

surrounding the antenna so as to enconpass substantially the whole of
the near-fiel'd region of the antenna and/or to enhance
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RADIATION APPLICATOR

This invention relates to radiation applicators and, in particular, to microwave ablation

devices.

A known radiation applicator, used for microwave ablation of tissue, comprises a
microwave generator operatively coupled to an elongate waveguide for conveying the
microwaves to the ablation site. The waveguide is sufﬁciéntly thin to be inserted into the
body and contains a core of dielectric material which enables efficient transmission of
microwaves through the waveguide. At the emission end of the waveguide, the dielectric
core protrudes and provides a radiating tip for coupling microwaves into surrounding

tissue. An object of the inventor is to provide an improved radiation applicator.

According to one aspect, the invention consists in an elongate device for insertion into a
living body, the device having an antenna at its tip for coupling radiation into biological
matter and a dielectric body surrounding the antenna so as to encompass substantially the

whole of the near-field of the radiation emitted by the antenna.

The invention is based on an appreciation of the fact that the antenna generates a near-field,
and that the near-field contains large field amplitudes which exist quasi-statically in the
local region of the antenna and do not radiate energy. In a normal communications
antenna, this local region is air-filled and these near-field amplitudes have no effect except
to contribute reactance to the antenna impedance. However, in 2 medical application, if the
near-field region contains biological matter, which is highly lossy, the near-field
amplitudes will generate heat. Because of the high amplitudes and small volume of the
near-field region, much heat can be generated in the near-field region, which reduces the
energy in the far-field. Field penetration is therefore reduced, and local chamring in the

near-field region becomes a limiting factor in the power that can be input to the antenna.

The dielectric body according to the invention serves to provide a low loss environment to
encompass the near-field region so that more power is transmitted to the biological matter

in the far-field region.
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t he antenna (240) may be rounded hem spherical with radius [err]/2 to
enhance forward transm ssion of radiation. The dielectric constant ([err])
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desired operating frequency but may be matched to the surrounding tissue by
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region of the antenna and do_not radiate energy. In a normal communications
being substantially equal to 2L*A. A device of this kind can be designed with a minimum

radius for insertion into biological matter such as a liver, and will create an annular
radiation field around it. A pointed tip may be provided at the free end of the dielectric

body to assist penetration of biological matter.

The length L of the antenna may be substantially equal to half a wavelength, in which case
the radius of the cylindrical dielectric body is substantially equal to half a wavelength.

The antenna is then tuned to act as a resonator, which increases the power it radiates.

However, as the dielectric constant is increased, it may exceed that of the biological matter,
which can lead to total internal reflection of radiation within the dielectric and a
consequent reduction in transmitted radiation. In order to overcome this problem, the
dielectric body is formed so that the dielectric constant at its core is higher than that at its
outer periphery, the latter having a value intermediate that of the core and the biological
matter. Thus, the dielectric constant at the core may be higher than that of the surrounding
biological matter so as to help reduce the overall diameter of the device. The different
dielectric constants may correspond to different layers of dielectric, each with a different
dielectric constant, or may cormrespond to different levels in a dielectric in which the

dielectric constant varies throughout its depth.
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Preferably, the dielectric body has a dielectric constant, or relative permitivity, such that the
length of the antenna is reduced. Advantageously, there can be a transformer between the
coaxial conductor and the dielectric body to reduce reflection of radiation back into the
coaxial conductor from the boundary between it and the dielectric body. Such a transformer
can advantageously contain a space into which the dielectric packing of the coaxial

conductor can expand.

Further advantages and features of the invention will become apparent to readers skilled in
the art upon consideration of the following description of embodiments of the invention,
the embodiments being described by way of example only, and with reference to the

accompanying figures, in which:
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a radius ubstantlally equal to half a wavel ength of the radiation. The
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a region which it is desired to irradiate. For example, the device could be inserted into an
artery to irradiate plaques on the walls thereof or the device could be introduced into a
uterus to irradiate the endometrium. The supply of radiation is controlled by a control
device 140, often a foot pedal, which is used to signal the microwave generator to begin,

adjust or stop the supply of radiation to the tip 130.

Figure 2 shows the tip region 130 of the radiation applicator of figure 1 in more detail. The
tip region, generally indicated 200, shows the distal end of the coaxial cable which
comprises an outer conductor 210 spaced from a core conductor 220. The space between
the conductors 210 and 220 is filled with a dielectric material 230. The antenna for
emitting radiation conducted by the cable comprises a length 240 of the core conductor of
the coaxial cable extending beyond the outer conductor 210 at the distal end of the coaxial
cable. To enhance the radiating qualities of the antenna 240, it is preferred that the length
of core conductor providing the antenna is about one half of a wavelength of the radiation
in the dielectric. The antenna 240 is enveloped by dielectric body 250 in which the

wavelength of the employed radiation is reduced below its free-space value hence enabling
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signal the mcrowave generator to begin, adjust or stop the supply of
r adi ati on When this egiipmg@Qs to be used for endometrial ablation it is desirable to use radiation

having a frequency around 9.2GHz. In free-space, the wavelength of such radiation is
about 32mm. Forming the dielectric body from, for example, a material having a dielectric
constant gx=25 reduces the wavelength to about 6mm. Correspondingly, the diameter and

overall length of the dielectric body are then also about 6mm.

Figure 3 shows an alternative embodiment of the tip section of the radiation applicator
device, generally indicated 300. Here, in order to reduce reflection of radiation from the
coaxial cable at the boundary between it and the dielectric body, a transformer 310 is
incorporated between the coaxial cable and the dielectric body. The transformer 310
comprises several sections (for example, three: 320, 330, 340) of cylindrical shape and of
successively increasing radius towards the dielectric body. Advantageously, at least the
section 320 of the transformer adjacent the coaxial cable does not contain a solid filler
material. This provides the benefit that, when the device is heated, for example in
manufacture or in use, the dielectric material filling the space between the core and outer
conductors of the coaxial cable can expand into the transformer thus relieving otherwise

deleterious pressures.
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and dielectric 350 which has substantlally the same outer diameter as the coaxial conductor
— 320. A pointed metal tip 370 is fixed to the end of the dielectric body 350 and serves to
assist penetration into biological matter, such as a liver to perform ablation on a tumour.
The antenna 340 preferably has a length substantially equal to half a wavelength of the
radiation in the dielectric, and the radius of the dielectric body 350 is also preferably
substantiaily equal to half a wavelength of the radiation in the dielectric. The near-field
radiation emitted by the antenna will then lie within a region 2L¥A, which is equal to a
radius of half of the wavelength of the radiation in the dielectric so that the near-field lies
substantially totally within the dielectric. The dielectric constant of the dielectric body is
selected to be high so as reduce losses within the dielectric. The microwave energy is
therefore emitted into the far-field region in an annular pattern around the tip so as to
increase field penetration and power transfer. Typically, a radiation applicator used with a
generator operating at 10 GHz and having a dielectric body with dielectric constant eg=25,

will have a dieleciric body radius of 3 mm.
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In alternative embodiments of the invention, multiple outer layers may be used to increase
the band-width of the applicator (i.e. the range of frequencies over which the applicator can
be used) by making the layers each with a suitable refractive index and thickness.
However, this will lead to an increase in the overall diameter of the tip. In the limit, the
dielectric body could be made with a continuously varying refractive index which

decreases towards its outer surface.

An alternative technique to reduce the dielectric constant of the outer layer 380 comprises
forming indentations such as grooves 390, shown in Figure 6, in the outer surface so that
the average dielectric constant of the dielectric and the material in the grooves is reduced.

The grooves may run longitudinally or circumferentially around the body 350.

It will be appreciated that the embodiment of Figures 2 and 3 can also be modified to
incorporate an outer layer or layers of different dielectric constant, such as shown in

Figures 5 and 6, the outer layer following the curve of the hemispherical tip.



antenna to emt radiation. The antenna 340 is enbedded axi al I y ina
cylindrical body of dielectric 350 which has substanti ajta ne out er
di aneter as the coaxial conductor 320. A pointed netal % fixed to
the end of the dielectric body 350 and serves to assi st penetrati on into
bi ol ogi cal natter, such as a liver to performablation on a tunour. The
ant enna 34SUOpWQDQr ably has a length substantially equal ptocRitdocsa

wavel ength of the radiation in the dielectric, and the radius of the
dielectric body 350 is also preferably substanti ally equal to half a

wavel ength of the radiation in the dielectric. The near-field radiation

em tted Injeltdise Mmateasls avithid high BieRctit eoxmatnhthat ﬁ"e s@RebRNndkdd BoseMibrls i s equal
to a radius of half of the wavelength of the radiation in the dielectric
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to reducB‘fnﬁw’&’( A 98Y- the tip of the applicator, the dielectric body is
made of a nmaterial W|th as high a dielectric constant as possible, except
that this is limte he dielectric constant of surrounding biol ogical
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penet r at ProgedubscatEen kolemé soeivtallon @elcaiemionsmedicdl prooediess. t 0 over cone this
limtation, the dielectric body 350 nay be fornmed with an inner core 360
conposed of a material with a high dielectric constant, and an outer |ayer
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the core 360 and that of biological material, and the outer



| ayer thickness should be equal to a quarter of the wavel ength of the
radiation in the outer layer. Thus, the core radius woul d 24 aggie2egpal to
a quarter of the wavelength of the radiation in the core in order to
produce an overall nom nal radius of ha f a wavelength at the tip. In
alternative enbodi ments of the invention, nmultiple outer |layers may be used
to increase the band-wi dth of the applicator (i.e. the range of
frequenci es over which the applicator can be used) by making the |ayers
each with a suitable refractive i nd€&LaMSt hi ckness. However, this wll
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i n the gobtheesliatior anitted dy thelhgerpmooves may run | ongi tudinally or
circunferentially around the body 350. It will be appreciated that the
enbodi mrent of Figures 2 and 3 can also be nodified to incorporate an outer
| ayer or |ayers of different dielectric constant, such as shown in Figures
5 and 6, the outer layer followi ng the curve of the hem spherical tip. 25
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appl i cat 0811% SCCOr Ing to the invention can al so be used to neasure the
dielectric

4. A device as claimed in any of claims 2 to 3 in which the dielectric body (250, 350)
extends from the antenna (240, 340) a distance substantially equal to half the wavelength

of said radiation in the dielectric.

5. A device as claimed in any one of the preceding claims in which the dielectric body
(350) is such that it has a dielectric constant at its core (360) which is higher than the
dielectric constant at its outer periphery (380), the latter being more closely matched to that

of said living tissue.

6. A device as claimed in claim 5 in which the dielectric body (350) comprises an

inner core (360) and an outer layer (380), each of a different dielectric constant.

7. A device as claimed in claim 6 in which the inner core (360) and outer layer (380)
have those dimensions that extend from the antenna (340) determined in accordance with
the dielectric constant of each so that the overall dimension is a predetermined fraction of

the nominal wavelength of the radiation in the dielectric.



constant of biological material by neasuring the m crowave radiation

refl ected back from the tip through the coaxial conductor.2528ngte@2(®8 2003
9 CLAIM5S 1. An elongate device for insertion into a living body, the device
havi ng an antenna (240,340) at its tigfor coupling radiation into

bi ol ogi cal matter and a dielectric body (250, 350) surrounding the antenna
So as to enconpass substantially the whole of the near-field of the
radiation emtted by the antenna. 2. A device as clained in claiml in
whi ch thg dielectric d 250, . 350 xt.ends.  from tenn 2 340) a
di st anceg'at I‘éa‘getkwg u %?aé%l ‘lqé ?‘9““22&%@?%11 %éﬂef . eeégslﬁ}%s&}tﬁga)(%i?%@

di mensi ogachf hdvea alth@Rim substaRBalll eqeettoiL qadrttr 2fl the twevelvaydl engidiatidh t he
radiation in the dielectric. 3. A device as clained in claim2 in which
the di el B€f§iR-c body (250, 350) conprises a substantially cylindrica
portion with the antenna (240, 340) extending axially at its centre said
distance L. 4. A device as clained in any of clains 2 to 3 in which the

di el ectrPc bodydeytB@s cRixigd incattyeridiims 6o Bhe whinthathe auiePler (380) is domiedt ance

substantiall.y.equal to.half the wavel ength of,  said radiation in the.
Lo ear 1 it ifaciifRas it ¥ Sules SUTHEIVIAS SRy © i SeEe Khtu B RERs ORg el a1 s | n

whi ch t hg ool RGE tht tnd2@B¥ond B0 Glled HvithWikerihiaferi t has a dielectric constant
at its core (360) which is higher than the dielectric constant at its

outer periphery (380), the latter being nore closely matched to that of

said liv ti,ssue. 6. A device .as_clained jn.claimb5b | kch th .
arel ect 1 boty Asost B ocdeith s prbBRR bt aRIShE; Coristiob A ik 88 esier
(380), el VﬁﬁOﬁvﬂieﬁE&ﬁtﬂﬁbuﬂyﬂb&% ldaGt £PABEBME distancéiERMhE BntdsnLi3apyred in
claim6 in ich the inner core (360) and outer |ayer (380) have those

di rensions that extend fromthe antenna (340) determ ned in accordance with

or edet or pned 1 AR ancafed By he APl IS AR Quin WARRMAED b7 ofion o

di el ect r (270, ZH) Ay egten2DB3ond the end of the antenna,

12, A device as claimed in claim 11 in which the tip portion (370) is pointed to assist

penetfation of biological matter.

13. A device as claimed in claim 12 in which the tip portion (370) is composed of a
different material to the dielectric body (340).

14. A device as claimed in claim 11 in which the tip portion (270) is an extension of the

dielectric body (250) and is rounded so as to support forward transmission of radiation.

15. A device as claimed in claim 14 in which the tip portion (270) is substantially

hemispherical.

16. A device as claimed in claim 15 in which the tip portion (270) has a radius
substantially equal to half the wavelength of the radiation in the dielectric (250).



10 8. A device as clained in claim7 in which the inner core (360) and
outer layer (380) each have a dinension substantially equak &%ugtmgrter
of the wavel ength of radiation therein. 9. A device as clained in any of
claims 6 to 8 in which the outer layer (380) is formed wth indentations
inits outer surface which serve to reduce the dielectric constant in this
regi on when the indentations are filled with other nmatter. 10. A device as

claimed (n cl A d8vicd 85 Whalmedd ihendost @€tthd @r&emﬁgmn@fmtshmcﬂitﬁé eRinghte body
(350) varies continuously over, at |east a part of the distance fromthe
ant enna {&4¢ conimsesxa&@%lelew&glu@%{l@@dﬁ% \am a&ﬁ@trﬁfmﬂww @2Bdi4y thatai ns
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ant enna VI ce as C I'n clarm e ti ortion (370)
i s poi nt aderdm (24&i3¢0). penetration of biological matter. 13. A deV| ce as
claimed in claim12 in which the tip portion (370) is conposed of a
different material to the dielectric body (340). 14. A device as claimed in

claim 111gn WA ghiddgs ElaBndPid bRl (1271) whithafe SXiaRS (94D, 0404 h8s ad]eﬁétﬁc'f ric
body (250) and is rounded so as to support forward transm ssion of

radi at i osubstatially eipal odalfshe wavetenizth of i aadiation inghemilepiriche tip portion
(270) is substantially hem spherical. 16. A device as clainmed in claim15
in which the tip portion (270) has a radius substantially equal to half

the wavet@ngt A @videh® diAhedin eRirhd 17 bE 1 giRl@lihg b Grabtofher 3P0 bedweén #03 11
17. A device as clained in any one of the preceding clains in which the

el ongat ecomlceédw@@rp@ﬂ@eéﬂa @@a@bpailele@ﬁalh@ﬂbr@mz 0) 32 oyduge trpflectioarpfr al
duct i 24 th |
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as claimed in claim117 in V\/mch t he antenna (240, 340) has a | engt h

substantjally equal to half .the wave|en f the radiat] in the
di el ect 17E. 16 dexicseas aimed ip claimet v 1C§ th transTogmior 31 cing fiy@ gpace

transf or gRhin(Ad 0daxRa LHERR R0 which packing of the coaxial conductor can expand.

21.  An elongate device for insertion into a living body substantially as herein described

with reference to the accompanying drawing.

22.  An clongate device for insertion into a living body, the device having antenna (240}
at its tip for coupling radiation into biological matter and a dielectric body (340)
surrounding the antenna (240) so as to enhance transmission of radiation in the forward

direction.

23. A device as claimed in claim 22 in which the dielectric body (250) has a rounded
tip portion (270) that extends beyond the end of the antenna (240) to support forward

transmission of radiation reflected internally from the outer surface of the dielectric body.

24. A device as claimed in claim 23 in which the tip portion (270) is substantially

hemispherical.

25. A device as claimed in claim 24 in which the tip portion (270) has a radius

substantially equal to half the wavelength of the radiation in the dielectric.



coaxi al conductor (120, 320) and the dielectric body (250, 350) to reduce
reflection of radiation back into the coaxial conductor abstfigyboiypgary
with the dielectric body. 20. A device as clained in claim19 in which the
transforner (310) includes a space wﬁﬁpin t he coaxi al conductor into which
packi ng of the coaxial conductor can eXpand. 21. An el ongate device for
insertion into a living body substantially as herein described wth
reference to the acconpanying drawing. 22. An el ongate device for insertion
into a ILying,body, the device having.anten 0 t its tipf

coupl | ng2¥adt & TS B GoB BorBatnardt CBma g & 2 b which S piine S

sur r oundigiendshg RAARBNRbERATySOnAP t6 hafiMRNGEvA&RAS B S8idoMdpiohagl ki on in
the forward direction. 23. A'device as clained in claim22 in which the

di el ectr fliglegsity (250) has a rounded tip portion (270) that extends beyond
the end of the antenna (240) to support forward transm ssion of radiation
reflected internally fromthe outer surface of the dielectric body. 24. A
devi ce ag7.cl ahn@sidenascélaint®ddad dnf oMei sfhcleife 23 B RO'iA ivificH héldielleStric body
substantially hem spherical. 25. A device as clainmed in claim24 in which
the tip Port tunpisey@pubgantiglly splingsicakppsiemmithdhe yniepadneans (B fextending

wavel engmall%j attiﬁg:e @diation in the dielectric. 25 August 2003 12 26. A

device as clained I n any one of clains 22 to 25 in which the antenna (240)
extends a distance substantially equal to half the wavel ength of said

radiatiog in the  dielectric. 27. A device as clainmed.in any one of clains
22 to 269% w?’n @queh%-:s ﬁ?]@}eédprw BERE clelz@o?)a2 & Aprin Cfat@u%eka%i‘%ﬂdwy
cylindri i i [ i its
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di el ect r the rigbatyon ih2BDYickrtrierbddyf r om t he ant enna (240) a di stance

substantially equal to half a wavelength of the radiation in the
di el ectric body.





