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FI ELD OF THE | NVENTI ON 5The invention relates to surgical apparatus and
met hods fwo 2pawd3es2ei ng | i posuction. The invention nay alPsw/Geesicaioigsse- and
post-treatnment steps, e.g. tunnelling to insert a suction device to a
treatnment site and/or performng tissue ghrinkage in regions where fat has
been renoved. The 10i nvention may be used to renove fat from any one or
nore of the follow ng regions of the body: tummy, breast, arms, neck,

fl anks, knees, hips, lip sTay A &oTaal o] aXSF=YoTa FoYyy = SFsop chin and ot her
regions of the face. 15BF ND—G v X Li posucti on
concerns the renoval of fat (adipose tissue) fromunder the skin. Usually
fat is renmoved iy e e Gdeeprtheyer of subcut aneous tissue found in the
hypoderm s |layer of 20Thée skin. Fat may be renmpoved fromthe superficial

| ayer of subcutaneous fat, but this is nore difficult because that |ayer is
denser5than the dep ipdgBEidhdeldted gir [SprgaERERAATIGHEr 3% NETHCBF o0d
vessel s. Rentyad mgrfatmingmibbeustipar.fi chal idwatarioni akg aawvagesiot functi onal
component s G, d NGngkb e WhieGin2RCAL dRSULL o | Mt ifinth DL &g PEY TRAEEE a

irregularities, .discolorations andepossl y 5/ n necrosis. . In
convent i onal SY9tHGRUEET b FPofelEFENeNt Rt ] 31 BEF 6 BP9 GbEttaneous
infiltrati orshsinksgd i yrodwosevkease fot hat ke ratmpved. Cdmgonent s of
subcutgneous; dvihiti bhah®y A Rekddes ardarse FAtithoaf aRQromd oxahbRe Of

| acerated Ri erg 139'# hgpioggigggzg ?gdis QL%gn Egggg:t%rggisn | ution
and | i docai ne and/ of bd%iv,calne_nay al’so” be uséﬁ or arfal"gesia. Sdneti nes,
gentam ci n iSadGed PeRsS i FLEEL i bHPDr SFRYPRXI 1SRG hF2EUIBhi o8&/t d in

| i pol ysis. Lidbeahne texionist pfnuisé feaee3Savoi ded when carrying out the

| i posuction procedure in the traditional manner. The sequence of

filtration is normally. such Q t infusion is generally done sequentially
for eath bod?5gﬁggﬁgbégiéggég—gggtgﬁﬁininise the overall fluid and
pharmacol ogic load. It is 40normal to have a 10 to 20 m nute | atency period
prior to 2 Liposuction concerns the removal of fat (adipose tissue)

from under the skin. Usually fat is removed from the deep
layer of subcutaneous tissue found in the hypodermis layer of

20 the skin. Fat may be removed from the superficial layer of
subcutaneous fat, but this is more difficult because that
layer is denser than the deep layer and is tightly packed with
nerves and blood vessels. Removing fat from the superficial
layer risks damage to functional components of the skin, which

25 can result in visible permanent irregularities,
discolorations, and possibly skin necrosis.

In conventional liposuction procedures, a wetting
solution or subcutaneous infiltration is used to promote ease
of fat aspiration. Components of subcutaneous infiltrate

30 include a base fluid of normal saline or lacerated Ringer’s
solution. Epinephrine is often added to this solution and
lidocaine and/or bupivacaine may also be used for analgesia.
Sometimes, gentamicin is added for infection prophylaxis and
hyaluronidase to aid in lipolysis. Lidocaine toxicity must be

35 avoided when carrying out the liposuction procedure in the
traditional manner.

The sequence of filtration is normally such that infusion
is generally done sequentially for each body area treated so
as to minimise the overall fluid and pharmacologic load. It is

40 normal to have a 10 to 20 minute latency period prior to



aspiration to allow for epinephrine to have a maxi mal vasoconstrictive
effect. This process can nake the overall|l procedure unnecessarily tine
consum ngwoGari3pazat al so be taken in conventional |ipogsaridBoioipisssedur es
to avoid perforation of the underlying fascia, peritoneum and abdom nal
structures. Furthernore, the patient's f&ui d bal ance nust be cl osely
noni t ored when carryi ng out conventional “|iposuction. Blood | oss caused
when perform ng conventional |iposuction nmay al so be a major 10concern.
There is ah| h risk of di dur.i n nd r.the praocedure. Medication
to treat bl 660 AG HRY Be rlggw ?%%I eindn? gﬁ’gg r"% oglgg usin

radi of requen‘aﬁoépéét:ﬁﬁﬁe}g’ﬁe?ﬁée‘éﬁerﬁvsl Hr%%ﬁ‘ﬁﬁ Fa0] thk‘wtthﬁ avesdlent i onal

| i posuction ;ﬁforo@ﬂgeaemﬁnetdesbeaiw atimat cbheunimeat nent site so that it would

15soften and be €agleh,tp LEIPYR. HRUEV %{cohgeﬁélﬁéﬁem%@éu&qow ovide a
polar liquid within the treatnment_site for_t 0 be effectlve

Presente of RIEIFERi P iavOor&aReEf P4t ° b on’a?fP &896+2" it may be
difficult teedtonehnexaessgbheninalersdractoresphi (Ehrn*m&;/rr@m?sethﬁdesi rabl e
col l ateral ZQ4dissaues dEIAEGE balance nhﬁtGQQOBﬁ%eFlryoﬁleﬁﬂ&fie%r gathng el ectri cal

energy at a LJy %@%%”&u{ Y g@{ip}/orpa{lm/ll&gbgg o VEF?QQ 1%t Wrn.gle twfh ges in

cl ose pr oxi m targete I’I ca con UCtI ve

| ocat ed bet v&eetﬁoﬂfﬁén%l%’c"teéﬁégn‘?b Jd‘é’lolsﬁéth"‘?mygﬁl?? e?ﬁlé‘né‘ﬁj%rrent pat h
t hrough t ar geined rhi. ssTieereCusr entidd owskaos gsl deedhpgndyr isof tedi ajgter abl ati on

of the targetfd thesiire. Medibx 7&11%%0&@&@061%%@%@ rp@mre %&éﬁﬁt&ﬂ

|'i posuction deV| ce \g} gﬁi s_arranged E ? eri zagl on. The
30l i posuction de e iREPORR |H?‘|]eng §ﬁ818 feeﬁ{ueégl){nujr% avingcactive and
return el ecteTsdey mbuPREY NeliépRORL tregpeenysdlipnad HEPTHEL4ORi gh frequency
current pathathegenbet WeeheaSUNMARY @he THEd dNMRNTE OBe 3 Ahaltt $t asild

general. the.dANGNLLANPLANdes: SUGlRAl ARRARALYS LE s Idaaaugk] o [ whi ch

m crowave energy 1S |vere froma robelntoatrea rrent relon to

perform a faquVl&lﬁe?yP‘?ﬂg“f drahidn JJ‘rhlé? hRenoaatgrets 3 ifon, thhe
40appar at us lositiggate drged fsgthve hatPrasenot puft timier bivavia fingkdases

patient discomfort. Moreover, it may be difficult to control
excess heat generation which may cause undesirable collateral
20 tissue damage.

US 6920883 proposes targeting electrical energy at a
treatment region by providing active and return electrodes in
close proximity to targeted tissue. An electrically
conductive fluid is located between the electrodes to define a

25 high frequency current path through targeted tissue. Current
flow causes heating, softening or ablation of the targeted
tissue.

US 7112200 discloses a power-assisted liposuction device
which is arranged to perform electro-cauterization. The

30 liposuction device comprises an inner and outer cannula having
active and return electrodes mounted thereon respectively to
define a high frequency current path there-between.

SUMMARY OF THE INVENTION

35
At its most general, the invention provides surgical
apparatus for liposuction in which microwave energy is
delivered from a probe into a treatment region to perform a
fat liquefying function or a haemostasis function, the
40 apparatus being arranged such that an output microwave field

automatically adopts a configuration suitable for the fat



automatically adopts a configuration suitable for the fat 3 |iquefying
function or haenobstasis function depending on the type of tissue
encount erwqg 2by/a3be2pr obe in the treatnment region. |n parCraB2ar/oosss

sui tabl e selection of the frequency of the m crowave energy, the difference
in skin depth of the 5m crowave energy in fat and bl ood may enable the

m crowave field to automatically switch its configuration between one
suitable for fat liquefying and one suitable for haenbstasis vvithout any

change feaul 80, RIPHNC QAL e RIBNS D0V £ B1c SR Gl HIATL) £, dald vered to

t he probe en ion ma erny t ent 1on and
haenost asi s, - X&% é’lfl Frh?s‘%ﬁoﬂnéfpé“‘ﬁﬁ’éeqﬁc?é(dtl’l%rpm fPoRR¢ l?rrlelff‘ltﬂ‘eBF nmedi cati on,

t hereby inproaging.pathesdrtdentort byastisabpe ifeliengidtheoSuhgi Catqperayedur e,
i.e. reducinge the RUADSS WS eﬁEéggs ﬂH&VQEYPQré’Meh 1Bh§kﬂ¥Q{e%Jth BEOGRss, and
maki ng_t he procedure | ess ti.nme E{? g E@/ pr.ocess rrﬁ%/ al so reduce
patient ri sk M8V s PhiBcffbrf "((f °f aﬁ‘a3b e&‘} By PHECHT T owave
energy may chiedideta aswerndtd cehvy roniment }ts agrhfdlovsathon dratwegh preventing
excessive blaadabosstofurdther §oéyidly asdi badlf1ieaBt & ofo0thalhes oas aut

m crowave Z%t‘%'oﬁt E‘an cﬁ{a%\%g Qégui’fé’éi %marﬁésﬁxi]t St REQ%»&M&S 85&! gxanpl e,

the probe may emt for ti enln t1ss e.g. collagen)

in a regi on $15AYWRFeht ¥ardepi¥eped S EhBvREP Sbe.”Th eTHé"%ﬁ&Pa’f‘ﬁ% Yy al so
be suitt abl e geamilti p6f Lwiesitl ifay, 1 wherf@citmob h@cpmb@osraqsnem twhachi ayowave

field that f@&;laltteaué;@ r?efwsfegta@&hafontahefpwp%rdawléat%@ann%heﬁ&} he
treatnment re [ owav. act to ablate

i on t mi
tissue to eas rogsggg%atlfepnt% 801'31%%]5%' ﬁ'gl of’m‘?l fqlé’lgl ?klleses%rﬁ’é éﬂ\annel during
Wit hdrawal dfradeelupfobe-e-l Hedhelng goreunneber mf wodess tiwdnerdgyigrofile my
be adj usted the aﬁ@@adam@ws&h 304 hex KingStige tpeecancoUId 2y @dmat t he end of

the Piobe t o.anahlat héslhageheocols wg ehanneloq be. i o5ual gng ¢ he

entire Iengt of thé channel be achi eve t1ssue matchi ng or

power contro"terﬁ‘b?s&ﬁ bﬁf‘?%l(S’PrréW%nher?éagﬁP%%c%ﬂ h&h 8.‘5{%0%{8. SREFY end of
t he probe. 3BAccordiagatsrerhidei eavertanornt herandr@ysbeiprimrmgedfsur gi cal

preventing excessive blood loss.
Furthermore, by suitable control of the output microwave

20 field, the probe may perform further functions. For example,
the probe may emit a microwave field for tightening tissue
(e.g. collagen) in a region from which fat has been removed.

The apparatus may also be suitable for lipotunnelling,
where in the probe may emit a microwave field that facilitates

25 insertion of the probe down a channel to the treatment region.
The output microwave field in this case may act to ablate
tissue to ease passage of the probe and/or to sterilise the
channel during withdrawal of the probe. In the lipotunnelling
mode, the energy profile may be adjusted in accordance with

30 the tissue type encountered at the end of the probe to enable
the diameter of the channel to be uniform along the entire
length of the channel. This may be achieved by tissue matching
or power control based on information measured at the distal
radiating end of the probe.

35 According to the invention there may be provided surgical
apparatus for liposuction comprising: a microwave energy
source arranged to output a controllable power level of
microwave radiation; a probe for inserting to a treatment
region in biological tissue, the probe including: an antenna

40 connected to receive the output microwave radiation and
arranged to emit outwardly a microwave radiation field to



apparatus for |iposuction conprising: a mcrowave energy source arranged to
out put a controllable power |evel of mcrowave radiation; a probe for

i nserti ngvoaoa/dsp®at ment region in biological tissue, tireT@E2DB/MOMSSEUdiI Ng:
an ant enna 40connected to receive the output m crowave radiation and
arranged to emt outwardly a mcrowave rgdl ation field to 4 deliver

m crowave energy into the treatnent regi on, and a conduit for conveying
liquefied fat away fromthe treatnent region; and a suction punp connected
to the condujt e 0 he L di on and the
control | abl eéqsuv‘é’@ Il;‘ﬁg\)oevf;ﬂ%r ékggﬁqt%g gﬁ%‘:h Iferr?t%' ?ﬁwee%o gurin %r owave
radi ation flfiﬂftiiuéﬁt bpatGaryeyynadbitue fdefi £t aweNr £ e atcf}eor’frﬁﬁélﬁe’étm tted
into fat andra;mecoamld corsfucgiipat pump woeneeted tted that coldlwad, whéeein cr onave

energy deli Vtﬁ{eecirgbiuéﬁéﬁtofCQHE' ﬁ%@éﬂa@@ PQ&P&mW ahd qued Woﬂgrgbﬁaﬁlast and

the m crowave 10ene econd con ration_being for
coagul &t | ng RHETIEuEL 4xe seTeEPedYedal cREE Hhe BRAHEEY oR rdALe
el ect r omagnetddd atagh af i o Havpmgtwaflrléqaémgﬁ gr aret ¢Inhiozoetivl, e.g.

bet ween 1 GHhendm300edHntol Hapasiid (‘aU|saboﬂ<ﬂmﬂdifrf§m:§tldr5I’\\ﬂhléhOé\ﬁItt’fé‘cequency
bands may be, r}’c%eﬂloggusuhe”&n‘ifc%‘@%@e e%%'rég &’é‘lf@feé' égffﬁﬁﬂ el ectromagneti c

radi ati on havin requenc e foll ow ng bands:
2.4 Gz to X ra‘slefz@eeﬂs forst Wf@rzg tf}f éali 883 1S MEFFOVDE GHz t o
24. 251CGHz, 3he@dy tlel B r@dz pby4BhéHre domd4 ZoHagura® i Gzb 20t £65 GHz, and 74
GHz to 78 GHadt18RiARresSPesbal cal |y, mcrowave radiation may al so nean

el ectromagnetic r d| atl on. havi ng %POt fre uenc eoft any one. of nore of the
fol l owi ng frequen §7Es! ’Zh Od-aiz Tq28° 28 Jf:‘:l(';‘l-lz 46 GHz
and 61.25 GHAdisThe Ipﬁ\@rr@mavéremew g5aRERr rfésanbéo%r?@?de@u ge or group of
conponents capakla ofciHieldndeB00gGRe St ahl pastipily robmdLin@naye radi ation.
referabl y Lhe squecerd nlégiegaﬁdétr@atg) %e0§§éalatrﬂ { nfroyabbage control | ed

oscillator or |e ect esonat or ‘oscilTlator ose. signal is arrpllfl ed

by a sui tabl’”ea pn ’%Y arpei FEer § Cér"{‘iﬁ‘é“%tricrrﬁra%lwct? FPfidrs,

arr angemnent trfeq@aAsycmt@,N dayi c@s or mohe ¢f Kdle. fPheocwswd [blaatier redy | ncI ude
a |0haseI I gck@ck lt@op. %OGHE nisrrbste ehid fo i5n817%QSbI-Q;Jt put Gfﬁ{]ewqmclg Gifbe zsqogr;:ﬁ
may include g,vari en on n ci an e
ol 1 er t CEoner 2 Ehe i At hove dorioel fawit o B, o8 BAdl ode
swi t cR® nmay tRe @oRA&ct ¥ Hét @Eént‘? hed &8&i | | Bty memd %H’\%C’afr%ﬁlallf—yer to permt
the source shignawate bedimrdohamney,alscgmebn @pertaveagneta pulasiedti@shi on or

anot her nodul afi@n, f%é@tfre'qu@ncw)@@%&'ys%e 6@%§e 8k Cend feohhgwyRy i abl e
at t enuat or s swtabl . Tespongi ve, é i 1?'? Hz pnggrmttie fun cjdon of

t he switch. quen01e : Hz,
GHz and 61.25 GHz.
25 The microwave energy source may be any device or group of

components capable of delivering a stable supply of microwave
radiation. Preferably the source includes a stable oscillator
(e.g. voltage controlled oscillator or a dielectric resonator
oscillator) whose signal is amplified by a suitable power

30 amplifier (e.g. one or more MMIC amplifiers, an arrangement of
GaBAs or GaN devices or the like). The oscillator may include
a phase locked locp to minimise drift in the output frequency.
The source may include a variable attenuator connected between
the oscillator and the amplifier to control the output power

35 level. A switch, e.g. a PIN diode switch, may be connected
between the oscillator and the amplifier to permit the source
signal to be modulated, e.g. to operate in a pulsed fashion or
another modulation format, i.e. monopulses, ramps, etc. If
the variable attenuator is suitably responsive, it may also

40 perform the function of the switch.



The probe nmay be an el ongate hand held unit of a suitable size for
insertion into the human or ani mal body. For exanple, the probe nmay
resenbl e woonvpzonal cannula, i.e. a tubular body opecotaiB2aiodiosssal end.
For fine treatnent, the 5outer dianeter of the tubular body may be |ess
than 2 mm For treatnent of |arge voluneg, the outer dianeter of the
tubul ar body may be 10 nm or nore. The antenna may conprise a coaxi al
feed structure conprising an inner conductor separated from an outer

10conductor by a dieleciric nd _an_aerial that term nates_the coaxial feed
structure at a di'fsq}eal_prg 8 B (e prd C(’a\r.lgal%r'\"3 éﬁ%&erﬁ%lo%}uf}é%to% He Sdﬁlglaé%:?ri c
may be air, WFEr éPH spRAYytdlonséphe dtiCoRUBRNt e dniAelt BedY -outfeF conductors is

achi eved usiexqmnedr tingaisept may ferubati agcapacetsnde. gannuade freomaa | ow
151 0ss mat er 35T B08Phetnlaras 4l ISLAESS AAATRLDO: NEIIRAR, Lhg, [ nner and

outer conductor). The m craowave fi is radi ated t aerial. The

coaxi af feeQO‘%tte)Fugﬂﬁ?‘%t%r?\fe%e nF IRV BOPHVIRETY %(SI %?—ﬁ e%at“o2tllnfé' pride to
the aerial. theatpeobeofrelarigacivatienss .céhnectioer atlamhbeprafitivel tepellasf t he
20coaxi al fqgghys}n@?cgélrﬁ) habri fo@dapted to transfer m crowave power to and
froma conventio coaxi al ror.transnmission.li The. connect or may
be an SMA connec?%ﬁe S Fﬁ@aIEF%\Q%OTﬁflsé%naab%lot‘%lg??ﬁefeperdg%%r %t )e connected to
the source DSPTRIEFERT bR IRHNEF oFRNEGIOTRECREM € dSERDRY OWMEECh facilitates
25manoeuvr abidridugtdurbng tdieatoentc, Hne aenaxdmlalf erdt aterarigenentthaused to

enabl e the mr.Quave.0oVE QueRt S £ RESLT USId®: tABYp&HeCNdIn one
| ongi t udi nal%# dl,.e.tal on ,ttt;e sane amg as.lthe probe, or .may be arranged
to be at an FHGEe"f8 t 8’138.8? Frelags Pset ¥ d’r%eé?b?.%ﬁattﬁé onal to the
| ength of theerB0ptope shaihe. ifher aad guteaychulustorhel giasthdevedusing he
probe. It meyh beranhbretit GURLed] AEIMCEpaces @NaPetadd ¥t aalow
ormi di £ ectionaly Fl.¢Lonay rrr%!gé@'é).ghmf €l thﬁ'stlf%rc%ét E%%réglﬁ: belBYe e
tapered, e.dg. In a cone-snape, 0 t a nbre focuss . Crowave
radi ation fi®1%d.iPRSF oRRAE RFeE| BRRFRFRGRet | TRT iTITOHAYe bt edsef Bl when
perform ng |rgbsueti bon Ure sealiblst rict gresial feedenvruvonimeniceneeyd ai ni ng
densely packed£h@od ¥&RselseliFurddaldhe, pidpd e aRtesdadis uged for
col l agen ti g?rto ni 8‘% or_ | |u%ot gnngrlllel r]i%rag djhscusrsoed Qfl ow a fgcussed
el ect r omagneti L 4BFY ef A PGy FdESBEt C&r 2EohTT d- " &  sHapS of "the aeri al
may bé% nodel K iagd, ﬁ?e‘@lsﬁtﬁglcépé%t?%@ﬁeﬁi%p?ﬁd ttRe £ Fals fqrepgcrowave
power to and from a conventional coaxial power or transmission
line. The connector may be an SMA connector or the like.
This enables the probe to be connected to the source by a
flexible microwave or RF cable assembly, which facilitates
25 manoeuvrability during treatment. The coaxial feed
arrangement, used to enable the microwave power to enter the
structure, may extend longitudinally, i.e. along the same axis
as the probe, or may be arranged to be at an angle to the
probe, i.e. offset from e.g. orthogonal to the length of the
30 probe shaft.

The aerial may be at the distal end of the probe. It may
be a blunt rounded member, e.g. shaped to emit an omni-
directional microwave radiation field. BAlternatively, it may
be tapered, e.g. in a cone-shape, to emit a more focussed

35 microwave radiation field. A focussed electromagnetic field
may be useful when performing liposuction on small structures
or in environments containing densely packed blood vessels.
Furthermore, if the antenna is used for collagen tightening or
lipotunnelling as discussed below, a focussed electromagnetic

40 field provides better control. The shape of the aerial may be
modelled, e.g. using electromagnetic or thermal field



6 sinulation tools, to ensure generation of a suitably shaped field.
Simlarly, the aerial nmay be shaped so that its inpedance is simlar to the
i npedancewof2otisotzeol ogi cal matter (e.g. fat, blood, colpcagswyiodoisss! | be
exposed to in use. 5This may reduce energy wasted due to excessive
reflected signals at the interface between the aerial and the tissue. For
exanpl e, the aerial may have an inpedance simlar to the inpedance of bl ood
to ensure efficient transfer of energy into blood to effect coagul ation. In

enbodi ments use or | .agen 10t i htem ng,, t he aer e a
i npedance sifilar f%n q‘fls erf o> ae5|gr?1 g‘éltrélasona 8142 th he ehcgwt may
be a passageﬁ/%@yldext%m‘sﬁlr?gfla’lroﬁbet?ferlﬁrloﬂéYka%rﬁhGﬁédofo gy éﬁénl ngs. The

openi ngs mayirpedahcé hes diidtiabrens tafe tihgepandie oar tht e wjides edcddre probe
near to the (5 g;‘nSthl: g:%% dTh%oE)]chﬂérg}gs.thl %ec%%bgé'éeéjo i géganner

simlar to a venti cannu e extend al ongsi de
t he coaxi al qfl’e‘édmé‘%’rﬁ%(f‘fﬁee enﬂF?ér‘f‘%ﬁ‘ie\?efiye E%@X&&ﬁam Ty e C5RBri se an
annul ar passsigmadsoandthehd nperfade oftwehe thvadealiafleeand sthreuctiapes. 20l n one

enbodi ment, EEJIGeQQHQLIét JRY abeih Ntegr ahod mtlmlptehena@t@maaf@b exanpl e,

t he conduit p%dge a hplbll%v(\)/dt beel n teh%fl anlerntc%rr\gugkgl[ Ko ene coaﬁgC i al feed
structure. I's “ar rangement ers van a conpact stem

achi evabl e BEe2GsECt efads ﬁoééb%ﬁtjdfn t hénn?‘@?‘??aﬁ\?éténlé?iﬁ/ f%pﬁe\é%m here| n
in a good candiekatngs tralakréeadugdy fhareaan i imperacoadsixiidrart @obe hol | ow

wi thout substantisah! ¥oAff gq;n ng-the Lpergy conveyed. A further advantage
occurs because the coaxial feed structure is not fect 0 sI ess, Any
SeFiak: =tfes

heat generated by 1%$888UtH THe PPe8dPRTTAREEY e° @&t @ fHt® B68BRAveyed
in the conduftom ongedhtredne pehhngs s |Thguepemichast avk. b8lackagedisml he

gﬁndui tda_nd driwe omseh@;pmvlamt hongle \&fﬁﬁbisn@f SeUbir8Be NBYA 1t ][ms the avoi ded.
e c uit pay _hn e [ 0 i.ci ent

ext rag ion of Ti éug{gi&led oB%ﬁl&%&’ H% gén%j% %%qggﬁrﬁltgeénﬁagt ed with the
ant enna, each"™ExXef b%s%é-"g’é“’ﬁﬁ{jl%&‘ileﬁ&“&t}f-f)var dW £rafvt hd'skiPs of the
coaxi al feeotememdeﬁuaeongmcﬂeacheaeoaucaOaieadi girmoctexéendlngrnbeieéyyom To

prevent the @y TcoHé§§@ Q@é’sdmgnlng§§§spés@abgea%ﬁr§ﬁ%e sacd; &xi t
passage may ext ﬁ arter wavel engt hs away fromthe

40axis of the cg‘gx Sf‘xf cf%e 'ﬁre t?ef ore it termnates at a short
circuf® between the qnﬁné@%ﬁﬂd‘l%treﬁh%o?mwlérmay rPq Hingegyated with the

antenna. For example, the conduit may be a hollow tube in the
inner conductor of the coaxial feed structure. This
arrangement offers the advantage of a compact system. It is
achievable because the skin depth of the microwave energy

25 proposed herein in a good conductor is small enough for an
inner conductor to be hollow without substantially affecting
the energy conveyed. A further advantage occurs because the
coaxial feed structure is not perfectly lossless. Any heat
generated by losses in the feed structure may heat the fat

30 conveyed in the conduit to maintain it in its liquefied state.
Blockages in the conduit and the use of conventional wetting
solution may thus be avoided.

The conduit may include a plurality of exit passages for

efficient extraction of liquefied fat. Where the conduit is

35 integrated with the antenna, each exit passage may extend
outwardly from the axis of the coaxial feed structure, and act
as a coaxial stub extending therefrom. To prevent the exit
passages from causing losses in the antenna, each exit passage
may extend an odd number of quarter wavelengths away from the

40 axis of the coaxial feed structure before it terminates at a
short circuit between the inner and outer conductor. 1In this



way, a maximal field can be ensured in the coaxial feed structure. The
plurality of exit passages may be spaced from one another along the axis of
t he feed wonuowusp®2 The separati on between adj acent exi PCpaaRage®1ssay be a
mul tiple of Shalf wavel engths. The advantage of using a plurality of exit
passages is that this arrangenent may as§| st the flow or passage of fat

al ong the structure or may prevent the build up of pressure or a bl ockage
occurring sonewhere within the tube I n one enbodi nent, the conduit extends

al ong the axis of 10t he c%&g d struct(gel %?’CFJUI ncl uqe%eggeoutlet on

the axis. |ndHi & BRHHR A e coaxinﬁ})r? gete si de- f ed
rat her than ¥rfdctege. i The QleFéH)%\Pé e8hheRATRAIREY B RE rsaﬁge@ Boman angl e
to the coaxiale faaedhéf rdleingr €heia®is atf 90€ fard herhengtn offhehe structure.

15The antenr@eﬂgqggmﬁ %&%@H 585&9&&' e&?@eﬁ'ﬁs%%etsrﬁg fk%r Bhul€ifte (0 Match

a distal section of 50 or. receiVving
n crowave p Bﬁjrpa“%‘r?vem‘?o %{arg@gg Eﬁb‘fsemé’sée%‘llﬁﬁh\ﬁyt R e’b]rtom mal

section havimepsagkewes thasedhnsesrmngem20t Quay ashéstiWeg fdiowanged to
20mat ch wi t hhdhagenpedancaiehghtmd agireakuté S@%aye%agev&{tocfﬂeobuﬁm I

The i npedance, trr%gsfor rrer {Tﬁx?g erloscga% $ (%:tsl(1 n.of thv(;ltq]g%mtge tuebe

structure havi & nun
wavel engt hs in V\/rﬁrbl‘?n?héml?%?la‘teir\?e EBE afshd ki ﬁx%@t%éﬁoﬂﬁet}i%ﬁéﬂsaﬁﬁ out er
di aneters oftieheo2bianefeeandtouteure andutholsidss aar saniged onotpe caside t hat

section wt hrrﬁ'?:h'lgpéﬁ?&ﬁ%e%at thé %b%fxqwsfé&? SQULEE 4 TRRABACE 1 §&- Bq 50 0)
to the i npedance of the de%%ﬁ section. a distal section with a
é

| ower i npedarfcd ShalP&hat Hi anét é’rlcﬁ?w%v SRGarEC T ored °Ehr ough t he
i nner conduc&mantg@db@t |ay gegleOtorthe gioashal nstedusenecidizeretiet: Jhis is a

consequence @f° ttlaetnglpédgm B@I’tli)é’f&ﬁ;d_@l&@&r@f the coaxial feed structure:
138 ,,p L = 10g g, antenn %n%%b%tihe ﬁ@BgQ&i‘Cﬁn Qfj,hpe coaxial body,

e', iSthe relative erm Tivit faterial se arating

35t he i nner %?d“séﬁf’é?r'ccﬁwﬁucitar%at%’ i8S dﬂﬁéabuﬁeé’rtlBPaHﬂiJéih FevYt havs iler
conduct or anighdedasict hef isngl  doanBi¥ivahgtiecrauaee gouEron. al f b and e,

remein const len® 988 W% Dafrd S ALEYPLAN AN LIHRASSER: & Vi ch T

having a lower impedance, e.g. 20 Q or the like, arranged to

20 match with the impedance of biclogical tissue, e.g. blood or
collagen. The impedance transformer may comprise a section of
the coaxial feed structure having a length that is a odd
multiple number of quarter wavelengths in which the relative
relationship between the inner and outer diameters of the

25 inner and outer conductors is arranged to provide that section
with an impedance that transforms the source impedance (e.g.
50 Q) to the impedance of the distal section. Having a
distal section with a lower impedance may enable the diameter
of a conduit formed through the inner conductor to be larger

30 for a given instrument diameter. This is a consequence of the
relation for impedance of the coaxial feed structure:

138. b
log—,
Je, a

where Z is the impedance of the coaxial body, &, 1is the

r

7 =

relative permittivity of the dielectric material separating
35 the inner and outer conductors, a is the outer diameter of the

inner conductor and b is the inner diameter of the outer
conductor. If b and &, remain constant, a decrease in Z is

achieved by an increase in a, which in turn provides for a



greater cross-sectional area for the conduit, which may assist the flow of

fat along the inside of the structure. The suction punp nay be a
convent i ovael2opumsps2esed i n normal |iposuction procedur esPChlgBanioingss
enbodi nent, the antenna may conprise a hol |l ow wavegui de structure, i.e.

Wi th no centre conductor. For exanple, ascyl indrical _ or rectangul ar
wavegui de section may be used to replace the coaxial system described
above. The wavegui de section rray be | oaded or filled with a magnetic or

10di el ectric_nmateri tive abrlrt r permttivit reater
than 1 to reduc tetrhgrcésrszeseé: lf’ﬂ f ruclt%ure UK ﬁa}? 'ﬁj Gl mS@ a?%/rsgcctr ve

to perform cetd ditAvcPf rﬁaéalalﬁr‘@c%r@{?ldﬁ ef télecﬁltifhﬁ’ﬂi‘rcﬁil structure may be
| oaded in such a TreENRectibatpudpe maytisé de ddinagrt esnf puhe dSevamal |

structure may,he il §§§o§l§}_acqog gm)cémsrrakr ng it attractive to perform
surgery on fine tissue struct .. renmpval of fat fromth%[oﬁégv
at,

this ehbodi ment, W SE55P&ET eer?ﬁ?gﬁﬁ‘éf’tnavleoénﬁfa%?d‘@d’ 6™Bxt FQc
e.g. an addivdvsgalideuseructiugevei nay wighano acdrad et gonthectwarveglipde str uct ur e

or a 20separainptiehea (©f1iplawiaki tor qfecttub@@:r)axt hakepitaal g ibhenden@t h of
t he wavegui de, gf BCE%‘éPaJEBXhQ%S‘é% acrh%g Eé’mt ﬁ% %b?\%}e g’ﬁ!egu' de.
SUC

Al ternatively, the struct om nant node of
pr opagat i on fay eGUE A8 ps SHER It ﬁéyv%‘%/elgli’rdﬂé ?’é oidmsPetety oMagactialty filled
with fat. |fdidleicsr2Sassieredlthath aa ogllentive qalrmetbutity e s used, and t hat

the | ovest 195%iREOPE td&ﬁt@?d%aﬂ 1€ tof BEaJEN t’H%dglzéso§ectheUp, then the
required di arreter of t %}v%@&gg% e s ruc%ure may be calé:ul ated _as foll ows:

L) = 2.4485c°FfFU61187 2 pBes A heR Fiaret 8r PRF LMk SRR  wal | of
t he wavegui deligticaédt presedureseonst art c¥144@5i¢ad gérigewrd mam Bessel
functions foroddea paridcilaamadiér e @he OPeiitdeOBiafeter dfsthbe speed of

i gnt 1 appr oxjapabe! Yo A,k A98n5 I 1 Al BnbhS, hedunney Al gpetation, AL i

the relative pernea magnet i c erla , I's the

rel ative perthit@Vvit§ ot p&%f’é’l“eﬂrrqeéyl 8adfinf rrértsérl?a?tr”ff&r“réiangpﬁe if a
cylindrical smayetlupé f& desimghee Mipsh alfrggueropodinagpser at sepacitel6 Gz

and a di el ectHdmneT®hey ivd pholRada red alkic¥ecPerd tehkyi & Yg 0fanr?3daPrional

outer sleeve may be attached to the waveguide structure or a

20 separate tube (or plurality of tubes) that run along the
length of the waveguide structure may be attached to the body
of the waveguide. Alternatively, the structure may be designed
such that the dominant mode of propagation is set up when the
waveguide is completely or partially filled with fat. If it is

25 assumed that a cylindrical structure is used, and that the
lowest loss propagation mode, i.e. the TE;; mode, is set up,
then the required diameter of the waveguide structure may be
calculated as follows:

D= 2.4485¢
-
foE M,
30 where: D is the diameter of the inner wall of the

waveguide structure, the constant 2.4485 is derived from
Bessel functions for the particular TE;; mode of operation, c

is the speed of light (approximately 3 x 10° ms™), f; is the
frequency of operation, 4, 1s the relative permeability of a

35 magnetic loading material, &, is the relative permittivity of

r
a dielectric loading material. For example, if a cylindrical
structure is designed with a frequency of operation of 46 GHz

and a dielectric material with a relative permittivity of 25



is used to | oad the wavegui de, then a structure with a 1 mminside dianeter
may be inplenented. Al so, due to the skin depth being |less that 1 pm at

t hi s freqgwenown/mcbs2operati on, the overall dianmeter of thecamgBmz00858i S
approximately 1 mm In 5this particular arrangenent, a rod of hard

dielectric, i.e. lowloss mcrowave ceragic, nmay be used to inplenment the
desi gn, where said rod may be coated with a thin layer of silver to form
the waveguide wall. This probe structure may be particularly beneficial for

use in certajn COéﬂF& Q{%%Enentslﬁ_mheﬁe flne tlsgue strgctuiqanare

. oa ve hen
i nvol ved, e renovar . of Lghtittes o Fat and subsequent

skin tight emﬂﬁg‘dﬁde@Bﬁﬁerre@ayA%e nié‘f*ﬁlleﬁlﬁé*éle%bd\ﬂéolad‘iﬂ%fft%éﬂ?@nﬁk’c% this
particul ar addpemnaeshd Ucissr ehaayl hen taa uses thedoeabpg £alperat eon altheei ng

15removed from,bhe 99&%&% gt fal )ap%i.lt:Q@oP';@ %%Eb&rhé)@éi'yng pRterdal . In

this particular instance, the structure w propagate the

tom nedt - odd0r PR bt GREGREHTHG. dabRd e cavt 1S e S RFT | b t h
bi ol ogi cal timssdessMmicpavage eahemicenaay b useds tpdewpkmenitethe partially

fill the 20vgpsagui, dendtd Raadsebl i dleebitdd aﬁ%oa o atiyer! eadi ng
material and then fL1}, %hreemé‘d{ﬁ%é%ho hls %vhgbgvasvt%%'tg?ecrﬁae); e W th

t he extractedllbloloma t1ssu nthis I nstance relative
permttivi tWadfﬁdFBFa’E% Regratriel perrmyaBi Pi‘t";?rtfﬁlf‘h‘éosrri‘e%éﬁ Féé%l’f‘?ﬁjlts
mat er L@l (s) whdde Ben@Sclsenssuotitidest arbeistalwvetiyr £. ¢ s wetrentsed in terns

of di ameter (Hf,vheChangar qGhAES SACLIEORONadd8ubEE L&A sl HBNSI ON
associ at ed vm th the articul ar eorret ry used) and thé propagation of the

doni nant (or - WEPY "Yrotfe EEF LGP WI thin the gui de. 30As the hol | ow wavegui de
may be cut-off, |A5emew‘twn%tabmmpagateefi@@@ﬁgy tattdisi ggpeicylfarno fat or

ot her | oadi rtgltmher batudturer QS?%e ifsiude the Kavbyycal heatdeVbtebdmyy
initiglly Opxeefn%%%dakr@r%séh%r goag éegqU%Q‘EY 19 t%' ! gg?w&quggagﬁ to

propagat e energy and to a treatnent requency once t
wavegui de cdATFIRS- | onHé?(S“l\ﬁn PR FEAU1ESr 1B HCi GPBgT taictirgsiity! bF’ne
start-up fretgpenpytoayrdraogreatiee ddramahhenddeeattnenopdgaguwaeneien THe | dea of

| oadi ng the v?eﬁz\é'gh}fdw éathf@t ial 591&!@%@& ﬁi@%ﬁl&bhcﬁiﬁué Onbeyuse directly

to renmove fat .(or ot her IogL tls ue 4Qover t he need to use
a separate eXVEPNaNe anne?‘ g? At aé’x?)r a%: partla%y FTRne

20 waveguide w1th a solld dielectric and/or magnetic loading
material and then fill the remaining section of the waveguide
cavity with the extracted biological tissue. In this
particular instance, the relative permittivity and/or the
relative permeability of the fixed loading material(s) will be

25 chosen such that the structure is optimised in terms of
diameter (or rectangular cross section or the critical
dimension associated with the particular geometry used) and
the propagation of the dominant (or other) mode set up within
the guide.

30 As the hollow waveguide may be cut-off, i.e. will not
propagate energy into tissue, if no fat or other loading
material is present inside the cavity, the device may
initially operate at a start-up frequency to allow the
waveguide to propagate energy and then adjust to a treatment

35 frequency once the waveguide cavity is loaded with fat (or
other biological tissue). The start-up fregquency may be
greater than the treatment frequency. The idea of loading the
cavity with fat also enables the applicator to be used
directly to remove fat (or other biological tissue) and

40 overcomes the need to use a separate external channel for fat
extraction.



A particul ar advantage of the invention is that the frequency of the

m crowave radi ation and the controllable power |evel may be the sane in the
first andweecnmdozzenfi gurations. That is, no adjustnent pCa/dBrelcappsssat us
may 5be needed between ordinary warm ng of fat and special heat sealing of
broken bl ood vessels. This advantage is fjade possible by selecting the
frequency of m crowave energy (which is related to the skin depth of the

m crowave radiation in fat and bl ood) and the power |evel delivered such

that the first 10and seeond, confd.gurations, Cansend demReLpLurgd norease in
fat and bl ood respepc ively, tf’heaten%era_ure i ncrease caused bg t he second
confi gur at i off§HeBICHoff beingigrewtes rafantite anchperatmeildéPédse caused

by the firstpaenfilgueatmon benthat sakorinexheptixstt hedt seqgerdat ure i ncrease in
fat caused by,ddigulatissd, C%Blcgyg,atdoo%dgﬁytrp&é @3S thdab3tarWbergy n the

tenperature |Increase | n bl ood caused hy e second configuratjon nmay be 10C
or m)rg, e. ¢ %%85 Rppreen ordinggy, w&irwgge%gef%itnaggi ?‘P%elﬁ'?hl‘F?ltfat and

bl ood at thes§aldqyenéiesoksonbilded etedsedei- n RehadvhRataghd sniiedewave ener gy
20may be del pysyiedei By Osdl epf@hhetny dre@ehBy tdre nieeons € Aifelrgyr attigh t han
the m crowave g&lefa%dd@ ot %Qiy‘désﬂl% fogr the GY Ljoglg%gtfapﬁ'at-[g”sin'gatLhe .
sane power is delivered in the first and second conflgurations, the heating
ef fect will ¥ HlgREL 31 the Bet®hd VSt PHUT YRESGh SHER athad (the Ehetlyy i s
25congent r at & iseicond sorefigaravobasreause a témpepracteciencrdasedehi far ed

pover may be,fefdigehiere fediifbeyentnammupEsadle Liackbesdidfgeanty i dmedance
val ues for fatdé‘?# 00d... and .at het |ologig¥0cal ti ssue o{é I ntt rest; this
corresponds TN CRPEHAMES 101 s Mt IPBePReRA T17E At SR AiTd 30t he cont act
ti ssue. Suchterfdraturensnanepsbeceakesch bynthe ateiinconhesdliont ingtathe

out put powerrée\eddamplef hthdritenpuayuRNengyesedirice fafl tQiswat byetye the
appar akus may; foniLek; And adju i€ IRQWet, deldser 610§ hgprobe. For

Lt
exanpl e, the a par at us” nay |ncﬁu¥le a detector for ﬁet ectl hg m crowave power

35 reflected" A PEE YHE PP8at MeMtC¥e GRBRCARY &PEoRtT I er for adj usting
t he control | adlfd guoaeiod evsel bef 107 Croowaweaer aeli Bt i20fiCbasatbren changes in the

detected refl ect ethdlGrewayecPOMLEKiA &I0en Pat &flLBL8EdPPWRIhe €. 0. @
change in thﬁr m&%‘c&%decggsi%e@eggﬁ 2% %99?' Y EL LG RAck Lromhe

40i nt er f ace bet ween Ne probe an Bio ogl ca I'ssue, nay I"Mdr cat'e change
in theltype BAY gt EpLAYCTAbL4RP AtshHdeI1YOIRG 40 SRE #9°Ae probe. The
control | er neyniieuabat acgechano thecoris@aveeehandy expeceéeed dhangesfirsty. from

fat to bl oodsoand, 2yt ogmt i Gahlky 2diust shhe Sam.r alsl abl evaquen ! eyel based

on the recogpjtion. . . . .
gpirst and second configurations, the heating effect will be

higher in the second configuration because the energy is
25 concentrated into a smaller volume.

In practice, the delivered power may be reflected by
different amounts due to the different impedance values for
fat, blood, and other biological tissue of interest; this
corresponds to an impedance mismatch between the antenna and

30 the contact tissue. Such reflections may be taken into
account when selecting the output power level of the microwave
energy source. Alternatively, the apparatus may monitor and
adjust the power delivered to the probe. For example, the
apparatus may include a detector for detecting microwave power

35 reflected back from the treatment region and a controller for
adjusting the controllable power level of microwave radiation
based on changes in the detected reflected microwave power,

A change in reflected power, e.g. a change in the
magnitude of a microwave signal travelling back from the

40 interface between the probe and biological tissue, may
indicate a change in the type of material present at the



5The detector may al so be arranged to detect forward power delivered to the
probe. The controller may thus be able to determ ne the anmount of power

bei ng delwoanadsbze2t he bi ol ogi cal tissue. The control | er pomyGH2e10000088g€ed t O
adj ust the controllable power |evel of mcrowave radi ati on based on 10t he
detected forward and refl ected m crowave _power to deliver mcrowave energy
according to a predeterm ned energy del i]vlery profile. The controller may be
arranged to select the predeterm ned energy delivery profile froma

plurality of  predetern pe rofjles hased pn changes in the detected

15ref | ect ed dnfsctragv_vﬁ\r}% %%\A%re.ppmbe‘ ég‘ceh cﬁpgﬁ%]tcleerrm%ﬁgdg%naerrrgafgﬁgl |g(\)/ery

profile may FBFIIPAREACH td ra exP8SiRd tGhgadeFore dcakpPB, fah tenkhggddel i very

profile for &dedtorytbes ldy adgest ttheersut eodiedbleepywef kneUghapedvesn t o

cause a risegd Itegggﬂ@;_&g_e that woul d seal a broken bl ood 20vessel.

The controller may be, arranged to neasure the Erirxalgnitude (and/ or, phase) of
[

the i npedance of 1'He Hit6FEYT CHY i8S uRe ATPRESH 1 £letérE 6P %PBB& and
to sel ect a grldderefintmethemeryy - dellieverytpebfdd aagctonslibyy abdet be nmeasur ed

i npedance. 2&he @ASH EndChiduatecdetaadyd 9Ring Ne1aRRREAL S tHRY be arranged to
solate the geflestesd poyel, fromLng, fQURLd PANRL. JEOL, GXATRI gushie
apparatus may 1nclude_a circulator connecteéd t ween _%e'source, pr obe and
det ector, whet®iGPRATPblalrd PRUER Fo¥e Imiodr BherRYadfeFgdi2tinn Héed kit ce
passesof rom R0a deitestepofdrwaedaaseé ot epoed mfcrHodwavei powd atter deaivef | ect ed

path for m cfowayevenNes g raQ%EQ?mﬁrtQJb% PRSSES A ANt B .88CQRE PO tO a
third port of t ul at'or etector include irst directional

gw cir , d the
coupl er conn®ct éLget’o %%p‘:loé’tﬁfﬁg?rdrtﬁyp £ FTHIRSTe tONPY %orttheof t he
circul at or. BEFetesnéesd forengyddpbinary phef et deror anpduigiditvdefa second

directional gapltermcoangicrd1ts KN enpeMeigdsNput the ddwdrerast port of
t he cil§cul até) flected microwav® 'gqg%pve i sol ati on between the forward and
refl ected paths, one or nore addifional circulators nmay be connected

[ _ .
40bet ween t he sectAfd BirFEetsOMNAICLEORFEY detdVERE RIGIEJEaraY by fignked  Thjg
invention iswigdt al tasted typetheFosee:mpdre @r en@rgycdetiNeatyopsofbler ovi de

the necessaryod $Abati 1%1){ het weeBnbbe dPWahEe dRiNG 2Pdof efdRighegdond gnal s,
|.e. adirectional coupler with a highvalye ofd 851 YIEMne] Body
wavegui de

20 vessel.

The controller may be arranged to measure the magnitude
(and/or phase) of the impedance of the biological tissue at
the distal end of the probe and to select a predetermined
energy delivery profile according to the measured impedance.

25 To ensure accurate detection, the apparatus may be
arranged to isolate the reflected power from the forward
power. For example, the apparatus may include a circulator
connected between the source, probe and detector, wherein a
forward path for microwave energy from the source passes from

30 a first port to a second port of the circulator, a reflected
path for microwave energy from the probe passes from the
second port to a third port of the circulator, and the
detector includes a first directional coupler connected to
couple power output from the third port of the circulator.

35 To detect forward power, the detector may include a
second directional coupler connected to couple power input to
the first port of the circulator.

To improve isoclation between the forward and reflected
paths, one or more additional circulators may be connected

40 between the second directional coupler and the circulator.



5coupl er, may be used. The m crowave energy source nmay have an

adj ust abl e out put frequency. For exanple, there may be nore than one

osci | | at owoi2nittdzes2sour ce, each oscill ator being sel ecti pelrGrommectsabl e t o
the anplifier. Alternatively, the source may include a 10 vari able
frequency generator. The frequency may ble2 sel ected before use, e.g.
depending on the tissue to be treated or "the size of the treatnent region.
The controller may be arranged to adjust the frequency in use, e.g. based

on changes i n theyfel lgled i crougye pouer, 4500, 3 deyel gpment oot t he
invention, the controrible power T'evel "of 'm Crowave radi ation may be
adj ust abl e tS-XCAGIECFh e MirPVEde nthe owacesradiisolarier detveslatiht a third

configurati oforwhed ewird ecidi nédleaiddagennalde it.li.r d diorddtganati on bei ng for

tightening télﬁ;gﬁ%&' #0802 THEn202DRAIA WS 0By & i hESy e aRpLigtad O
| i gaments, tendqns or scl e gfter fat renoval to shrink and denature
col l agen to & SR 1S §fif8ning to occur. In a further

devel opnent, the Hpaiarokaveengsgiyssounre heyt bavrelan agipstcddss outbet e t he
pL'Obedi s loerswq@aaeysl YrdeRbhsTe 25HreUglly sk tiel Sn@nobsithacskin. In
this devel op cr v r s e [ ring

i nsertion, E&tgﬁygggﬂl&%r ()ema\é@eg?(ggﬁzia%}%ngﬁrgqecfgﬁécgﬁ tec‘f\égkggﬁe aént enna

into the tissudhst puRt ST - ( oP L BPERTHVEAY / |%ﬁﬁer8§)1r€ﬁama>é>éin§§u%t%en t he
surface of tderiskila Arncshudneyr ggneretefr.t hehdotheqdenhermdy bieheefattdds to be

removed. The, &g det gdefi&ld mBYch@tld idhatge i NSaNLI 0P BOd 28-L4IHE dHACK
towards the treat Qt r@g on. This ‘may reduce pat ﬁnt di s%omc ort araﬁ
recovery ti b %00, i QVSRL BT ot T'oR. The WPAPALTS Y, PEnet i

i npedance neicRidiys reetafireANSBaY rignged  t ©- frattdlsedhen | heedaacen ofha he
antenna in tieripeebe middvwahe powdiogi cal tissue at the distal end of the
probe.during tun i T I a : i hani I erate
duri négl i posucti glﬁd eilng%g?l%%elﬁ{{?i%ghggﬁilrr?tg.egl%gg'i %%dgﬁgg%%sl%n‘gﬁ?ggnd/ or

energy prof i }eddPasThertvayss Bad bt 40y BRY ab§ a9 UPhaPhpedarédspreiented to
t he ant enna emtted wsexbwak® tredeamsinre fikdd o tadepk aftlabidati on with a
constant di amgi@lgukrst f62aNRE Hi+ ik iR ot HANRIJenNI L RE OaBGYr €. ~ The

[ nvention may, aliog, be; expressed. as dyrethod Gf. peniorm ng i posuction
conpri sing: i nserti ng a pr obe t0o" a5t rea e nt T egi on’§n bi oFogi cal tissue,
the pfbbe | MARFIRRYS B %t ERRA ROMPPLLSB| ° tid JrBeRI ve GfiNEPBRaY® radi ation
out put by a miscrlewateeen®itgyesouileso ahdiak corntldiehatwre conveyemged i quefi ed

fat away fromihe tLeRtIERM L8R5 0L RChi-vating the mcrowave energy source,

whereby the antenna emts outwardly a m crowave ,
y In a ghrther deve ogment, the apparatus may assist in the

tunnelling process, where the probe is percutaneously inserted
25 through a small incision in the skin. In this development,
the microwave energy source may be activated during insertion,
whereby a microwave radiation field is emitted by the antenna
into the tissue structures (or anatomical layers) that exist
between the surface of the skin and the region of the body
30 whereby the fat is to be removed. The emitted field may
facilitate insertion and seal the track towards the treatment
region. This may reduce patient discomfort and recovery time,
e.g. prevent blood loss.
The apparatus may include an impedance matching mechanism
35 arranged to match the impedance of the antenna in the probe
with the biological tissue at the distal end of the probe
during tunnelling. The impedance matching mechanism may also
operate during liposuction and/or skin tightening. The
impedance adjustment and/or energy profile adjustment based on
40 variations in impedance presented to the antenna may be used



10radiation field to deliver mcrowave energy in the treatnent region;
activating a suction punp connected to the conduit; and selecting the

f requencywof2oiims9szecr owave radi ati on and t he out put powecTiGBeeio/missshe
m crowave energy source such that the emtted mcrowave radiation field
automatically adopts a 15first confi gurq]t3i on when emtted into fat and a
second configuration when emtted into bl'ood, the m crowave energy
delivered by first configuration being for liquefying the fat and the
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by theofirstrasgatigor&ieleh tondéhiveroucexeayd enetrge ihithed condtmentat i on may

cause the tenpgoat ua@tgfat%@ohl&g@aotnopuﬂﬁr@&ﬁ@cttedw& e WBHQuidhe second
conflguratlonfd”ra%lgag eratur? ebIoodto rise to 45Cé)r nor e.
n enpe

b at
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procedur e arefijuitsng the output power level of microwave radiation to

cause the emitted microwave radiation field to adopt a third
configuration when emitted into collagen, the third
configuration being for tightening the collagen to prevent the
25 formation of layers of skin (skin flaps) or wrinkles. The
first, second and third configurations may be arranged to
cause a localised temperature increase in fat, blood and
collagen respectively, the temperature increase caused by the
third configuration in collagen being greater than the
30 temperature increase caused by the second configuration in
blood, and the temperature increase caused by the second
configuration in blood being greater than the temperature
increase caused by the first configuration in fat. For
example, the third configuration may cause the temperature of
35 collagen to increase to 70°C or more. The second
configuration may cause the temperature of blood to rise to
45°C or more. The first configuration may cause the
temperature of fat to rise to 40°C.
The method may include activating the microwave energy
40 source during insertion of the probe into bioclogical tissue to
facilitate tunnelling of the probe to the treatment region.



infection is transferred to the patient tissue. BRI EF DESCRI PTI ON OF THE
DRAW NGS 15Exanpl es of the invention are discussed belowwth reference to
t he accomnwenyimmgosteawi ngs, in which: Fig. 1 showspscloeBratooasBy (not
to scale) the relative volunmes of heated matter in blood and fat for the
frequenci es of m crowave energy considered herein; 20Fig. 2 is a block

di agram showi ng surgi cal apparatus that i's an enbodi nent of the invention;
Figs. 3A 3B and 3C are schematic cross-sectional side views through probes
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cross-secti caral oSi the hWet dnough msertion ofridleephavé nipta biiok ogked power
feed on its sidecthat i s 30another enbodi nent of the invention, Fig.
6 is a_schematic section si de view through a probe havi ng _an

i ntegral inmpedanc et&gﬁg?fﬁ’(%mﬁn ﬁgflgf%l §rorRar ’ﬂ%'cﬁ ﬁeﬁi’ BFe & SE’l‘enventl on;
and Fig. 7 imayaadharke skl hg Phevidy iaastenilsf emgfirerment 33pspesellener gy
profile and ddessuesterperappdi-at ey efo tﬁr@eedwimc&laﬁt&po&ﬁ&aﬁsbﬁe an
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net wor k- of Pt Y Bni PNS:raERACHr EONAUC L BESpa SHGT 335904 d, silver and copper,
are those in which the density of free charges are negligible, the

5conduction current is proportional to the electric field
BRIEF DESCRIPTION OF THE DRAWINGS

15 Examples of the invention are discussed below with
reference to the accompanying drawings, in which:

Fig. 1 shows schematically (not to scale) the relative
volumes of heated matter in blood and fat for the frequencies
of microwave energy considered herein;

20 . Fig. 2 is a block diagram showing surgical apparatus that
is an embodiment of the invention;

Figs. 3A, 3B and 3C are schematic cross-sectional side
views through probes suitable for use with the apparatus shown
in Fig. 2;

25 Fig. 4 is a schematic cross-sectional side view through a
probe having multiple exit passages that is another embodiment
of the invention;

Fig. 5 is a schematic cross-sectional side view through a
probe having a microwave power feed on its side that is

30 another embodiment of the invention;

Fig. 6 is a schematic cross-sectional side view through a
probe having an integral impedance transformer that is another
embodiment of the invention; and

Fig. 7 is a chart showing the variation of reflected

35 power, energy profile and tissue temperature over time during
a method that is an embodiment of the invention.

DETAILED DESCRIPTION, FURTHER OPTIONS AND PREFERENCES

40 When a conductive material is exposed to an
electromagnetic field, it is subjected to a current density



t hrough the conductivity, and the displacenent current is negligible with
respect to the conduction current. The propagati on of an el ectronmagnetic
field i nswoeoswshs2a conductor is governed by the diffusipom/capusidoosss t o
whi ch 10Maxwel | s equations reduce in this case. Solving the diffusion
equation, which is valid mainly for good1 conductors, where the conduction
current is large with respect to the di sp5I acenent current, it can be seen
that the anplitude of the field decays exponentially inside the material,
where the decay parameter 15(skjn. depth | S . . o
005, 107 o SR PLRTR Aol Bhakllh CoRl dbafhl ol eperems 4 dimited by o
per neabi | i t ythsf coRéiphererdfakleahEPRd MOy 1nfelt AiGHVPF ERieMOPLiEive.
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is inversely proportional square r f It also
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current, it can be seen that the amplitude of the field decays
exponentially inside the material, where the decay parameter

15 (skin depth) J is:

5:1,

OUC

2

where o is the conductivity of the material, x4 is the

permeability of the material, and @ is the radian frequency
(i.e. 27 ,where f is the frequency).

20 From this, it can be seen that the skin depth decreases
when the frequency of the microwave energy increases as it is
inversely proportional to the square root of this frequency.
It also decreases when the conductivity increases, i.e. the
skin depth is smaller in a good conductor than it is in

25 another less conductive material.

Biological materials are not good conductors. They do
conduct a current, but, because the losses can be significant,
they cannot be considered as lossless materials. For most
biological materials, the displacement current is of the order

30 of the conduction current over a wide frequency range and the

more general expression must be used to describe o:

s-Llefir -

(4)

o
where p=-— 1is the ratio of the amplitudes of the
we

conduction current to the displacement current. These
35 equations are strictly valid for solids limited by plane



16 boundaries. They are also applicable to materials limted by curved
boundari es when the curvature radius is nore than five tinmes |arger than

t he ski n wepbho3psr2ot her cases, a correction factor showcd/dBosppissed.
SKnow edge of the skin depth enables selection of frequency to yield
particul ar energy distributions in cond crors and biol ogical materials. For
exanple, at a depth of 38, the field anp Stude is only 5% of its anplitude
at the interface, and the corresponding power is only 0.25% At a 10depth
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i.e. by using relatively short, e.g. 50 ms, high amplitude,
20 e.g. 80 W, pulses.
The depth of penetration of a microwave field, i.e. an
electromagnetic radiation field having a frequency in the
range 1 GHz to 300 GHz, by radiation into blood is much less
that the depth of penetration of the same field into fat.

25 Depth of penetration means the depth into matter by which the
field has dropped by a factor of Ve or has decreased to 37% of

its initial value. For example, at 14.5 GHz, the depth of
penetration into blood (1.6 mm) is approximately a factor of
ten less than the depth of penetration into fat (12.2 mm). At
30 5.8 GHz the difference is a factor of 6.75, i.e. 6 mm into
blood and 40.5 mm into fat. The effect of this on the volume
in which power is dissipated is illustrated in Fig. 1. 1In
blood the power is dissipated in a smaller volume that fat.
As a consequence, the temperature change in blood is
35 correspondingly higher for the same amount of microwave energy
delivered.
This follows from the fact that it may be assumed that
the microwave energy produces a spherical energy distribution,

i.e. the volume of heated tissue V may be assumed to be:



3 where g is the depth of penetration that is equal to radius of the
sphere. The depth of penetration into fat is 12.2 mmand 40.5 mm 5for 14.5
GHz and 5w8 2@H3pmspecti vely. The vol umes of a spheres wCricB2a0i00$85s
corresponding to these depths of penetration are 7,606 nmmB and 278, 262 nmB
respectively. These volunmes are small engugh to be contained within a
treatnent region in which fat cells are to be broken down in a 10control | ed
manner to enable fast renpval using a standard suction punp. On the
ot her hand, the depth qf penetration into blood is 1.6 nmand 6 nmfor 14.5
GHz and 5.8 Gz rpsp¥®ivel y. The vol umes of a spheres with radiuses
corresponding to thesg 1Bdepths of penetration are 17 mmB and 905 mmB

respectively. The e voI re.small _enaou en t he same,pover | evel
to be used to rai'S€th gr agemah fetpﬁegg’f Yo s ggﬁt Ha eqlunstgnt
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of bl ood thatPhegeaq 7 th rfééillué% %?rfﬁfpgné%rg it T367°t{5RISS 8Ss at 5.8 GHz
than the 25ceameasponoh mrevdl 66 wf’ had. 278,62t ami basedcoiveld..5 Thsener gy
may be used ¢ yrRBDYEe fAtalhir @Hbud;l’ﬂecot |b%3b!6n§51rdé%lt WE€Bin & GrehbRemeck, the

eyes (lids), Or1otn ¢ Ck&?ldh %n cefyStaerrg Qa lag broken dgwn #%, ghergy source may
be used to ré rom-arger iCSue 305t ructur To effectively
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body tenper atwirtd omayuhe. as small as 2 or 3C, whereas to be able to

instantly coagul aér? tRle08fhe £ h?antde”PEéa& t‘% %ke%@ﬁé%téggvﬁntbp%\iood is
35terrperatur e bet ween 2?%@% gesg s of enetr%tl 0 tha_t can
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These volumes are small enough to enable the same power level
to be used to raise the temperature of the blood such that
instant coagulation occurs.
A system arranged to deliver microwave energy at a
20 constant power level and frequency may thus act as a self-
regulating haemostat to prevent excessive blood loss during a
liposuction procedure. This is due to the fact that the same
energy will be absorbed by a volume of blood that is 447 times
less at 14.5 GHz and 307 times less at 5.8 GHz than the
25 corresponding volume of fat.
A system based on 14.5 GHz energy may be used to remove
fat from fine tissue structures, e.g. the neck, the eyes
(lids), or the chin, and a system based on a 5.8 GHz energy
source may be used to remove fat from larger tissue
30 structures.
To effectively break down the walls of the fat, the
required temperature elevation above body temperature may be
as small as 2 or 3°C, whereas to be able to instantly
coagulate blood, the temperature elevation above body
35 temperature may be between 20°C and 30°C. Depths of
penetration that can enable temperature changes of this kind
are of particular interest in the invention.
Table 1 provides details of depth of penetration into
blood and fat and the volumes of tissue that will be instantly



WO 2011/ 039522PCT/ GB2010/ 001858 18 affected for a nunber of spot
frequencies that are considered useful for inplenentation of the current

I nvent i orwol2n1i@sedz2case there i s an assunption that thepsmaggoofooissssue
affected by the radiation is a sphere and that the field has decreased 5to
37% of its maximumor initial val ue withwthe depth of penetration. f (GHz)
g(blood) (mMm g(fat) (mM V(blood) (mMm®B) V(fat) (mMmB) 5.8 6.0 40.5 905
278262 14.5 1.6 12.2 17

affected for a number of spot frequencies that are considered
useful for implementation of the current invention. In each

case there is an assumption that the shape of tissue affected
by the radiation is a sphere and that the field has decreased

5 to 37% of its maximum or initial value with the depth of
penetration.

f d (blood) | & (fat) |V (blood) |V (fat)
(GHz) (rm) (mm) (mm’) (mm®)
5.8 6.0 40.5 905 278262
14.5 1.6 12.2 17 7606
24 0.9 7.1 3.1 1499
31 0.69 5.5 1.4 697
46 0.48 4.0 0.5 268

Table 1: Depth of penetration of 63% of the field and
associated tissue volume affected by the field at this depth
10 at various frequencies

This automatic blood coagulation or instant haemostasis
feature may be advantageous for cosmetic surgeons and the
patient, as it may obviate the need to inject or provide

15 medication to the patient before or after performing the
liposuction procedure to prevent bleeding. Furthermore,
standard procedures often require water or saline to be
introduced to help break down the fat, which can make the
procedure messy, uncomfortable and time consuming. The

20 controlled gentle energy delivery into fat described above may
obviate the need for extra fluid.

Fig. 2 shows a block diagram of surgical apparatus 100
suitable for implementing the ideas discussed above. The
apparatus 100 comprises a first (treatment) channel having a

25 microwave energy power source 102 connected to deliver
microwave energy to a probe 104. The probe 104 includes a
conduit (not shown) for removing liquefied fat from a
treatment site using suction provided by suction pump 106.

The source 102 comprises an oscillator 108, e.g. a

30 voltage controlled oscillator or dielectric resonant
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Table 1. Depth of penetration of 63% of the field and associ ated tissue
vol ume afwecebrehsbse2t he field at this depth 10at vari ousPCTAIBENCI0ESSS

This automatic bl ood coagul ati on or instant haenostasis feature may be
advant ageous for cosnetic surgeons and tﬂp patient, as it may obviate the
need to inject or provide 15nedication to the patient before or after
perform ng the |liposuction procedure to prevent bl eeding. Furthernore,

standard procsecqﬁﬁg%OPfFaeﬂr}aﬁug%i £§ c‘)’%%rt QrsSAlhing. L9 bt rfgggs%&i 0 help
break down the Ta ,_whi ch can nmake € procetdure nmessy, unco rtabl’e and
time Consuni?mﬂ-'?ﬂe5 GHz. The oscillator 108 may be connected to a
stable crystal reference in a phased locked loop configuration
(not shown) to keep its frequency steady. The output of the
5 oscillator is connected to the input port of a power splitter
110 (e.g. 3 dB splitter), which separates the output signal
between a treatment channel and a measurement channel
(discussed below). The measurement channel may not be needed
during the liposuction procedure, so the splitter 110 may be
10 optional. The output from the splitter 110 on the treatment
channel is received by a variable attenuator 112, whose
function is to vary the amplitude of the signal under the
control of control signal C; from controller 114 in order to
adjustably control the overall output power level of the
15 treatment channel. The output from the variable attenuator
112 is received by a switch 116 (e.g. a PIN diode switch),
whose function is to modulate the signal under the control of
control signal C, from the controller 114 in order to enable
pulsed operation (or another modulation format, i.e. a
20 triangular waveform or a ramp falling abruptly to zero once
maximum value has been reached). The output from the switch
116 is received by a power amplifier 118 (e.g. an array of
MMIC amplifiers), whose function is to amplify the power level
of the signal to a level suitable for treatment. A particular
25 embodiment of power amplifier 118 is a Triquint TGA4521-EPU
MMIC, whose output is connected in cascade to the input of a
higher power Triquint TGA4046-EPU MMIC. The TGA4521-EPU device
is capable of producing a gain of 15 dB and a power level of
23 dBm (200 mW)when driven into saturation using an
30 appropriate drive signal at a frequency of up to 47 GHz, and
the TGA4046-EPU device is capable of producing a gain of 16dB
and a power level of 33 dBm (2 W)when driven into saturation
using an appropriate drive signal at a frequency of up to 46
GHz. In this embodiment, the system may be driven using source
35 oscillator 108 outputting a frequency of 46 GHz and an output
power of 2 dBm to enable 2 W of power to be produced at the
output of the second MMIC connected in the cascade
arrangement. Source oscillator 108 may be a device available
through Castle Microwave Ltd, part number: OFD-KF460105-01,
40 which is a dielectric resonator oscillator that is capable of
producing an output power level of up to 5 dBm, has a
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once rfgm rrurrg)ﬁ(pgﬁé% ha eached) The output fromthe switch 116 is
recei ved by a power arﬁr%?g?nﬂr 0&\%8 an array of MM C anplifiers), whose

function is to anpl§ f‘%FtFﬁéoﬁo%q q SBF 4 hfé’r§’|a§ﬂa‘ljllfed:t&°PéQ/eF°‘éRﬂlecrabl e
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i nput of a e r q e evi ce
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saturation usin n te dr gna a frequen of up to 46
GHz. In this er?%o%l E? s yStR ]3# bé’ndF??/e'ﬁelfﬁ'%at %%Tr&?lS%Bsm | | at or
108 out put t | PRFS ViedeRtietks) TBIrs46PCFE @ind &Aretitpiutculator 128, whose
25 function is to isolate the reflected signals travelling back
from the probe 104 from the source 102. Forward signals on
the treatment channel travel from the first port of the first
circulator 128 to its second port, where they are output. Any
reflected signals received at the second port of the first
30 circulator 128 travel to the third port and are output into a
power dump load 130. The output from the second port of the
first circulator 128 is received by the first port of a second
circulator 132, whose function is to convey the reflected
signal towards a reflected directional coupler whilst
35 isolating the reflected signal from the forward signal.
Forward signals on the treatment channel travel from the first
port of the second circulator 132 to its second port, where
they are output. Reflected signals from the probe 104 are
received at the second port of the second circulator 132, from
40 where they travel to the third port and are output. The
output of the third port of the second circulator 132 is



power of 2 dBmto enable 2 Wof power to be produced at the output of the
second MM C connected in the cascade arrangenent. Source oscillator 108 may
be a deviwe 2auaisbabl e t hrough Castle M crowave Ltd, par PCIWwGH2810/001858

OFD- KF460105- 01, 40which is a dielectric resonator oscillator that is
capabl e of produci ng an out put power Ievzell of up to 5 dBm has a 20
mechani cal tuning range of 25MHz, a frequency stability of 4 ppnidegree
C, and phase noi se of -95 dBc/Hz at 100 kHz of fset. As expl ai ned
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20 2005/115235. The impedance tuning mechanism may be
operational only during insertion (tunnelling) of the probe as
discussed below. The impedance adjusting mechanism need not be
limited to this configuration, i.e. it could comprise a single
or plurality of power varactor or power PIN diodes connected

25 to a microstrip or other transmission line between the output
of the power generator and the antenna, or a variable (or
adjustable) length of microstrip (or stripline) configured as
a variable tuning stub that can also be moved along a constant
impedance microstrip or other transmission line between the

30 output of the generator and the antenna. All tuning positions
may be achieved by a change in length of the variable stub and
its movement along the microstrip or coaxial line may be
between limited to up to half the loaded wavelength at the
frequency of interest.

35 The output from the impedance tuning mechanism 138 is
received by a switch 140, whose function is to select either a
treatment channel signal or a measurement channel signal for
input to the probe 104 under the control of control signal Cg
from controller 114. This switch may be a waveguide switch, a

40 power varactor/PIN diode switch, a coaxial switch, or the
like.



35isolating the reflected signal fromthe forward signal. Forward signals
on the treatnent channel travel fromthe first port of the second

ci rcul at owvokBfi/a3es22t s second port, where they are out purcTRaEbeotessssi gnal s
fromthe probe 104 are received at the second port of the second circul ator
132, from 40where they travel to the third port and are output. The out put
of the third port of the second circulator 132 is 21 received by a
reflected directional coupler 134, whose function is to couple power from

th flected si th th | | ected
Signal i o absor el pEbhE SRR BOph GRS LIE FRYR SLadifyed 1B B °C'©
refl ected poREPecdlpl ey alﬁe%bE%n%S@élstmf Hebd & t<€hg 12‘2?atx6aﬂ3e conveyed

to the heteroibire debeciorceldbnaben iseleecbegectdr ild4advariteageons 1®i.use two

circulators Trﬂe tc'%hﬁe&@&f e %Eh&@fe}wtth%hﬁgﬂﬂv%%t 'aﬁnallltserﬂl%t (hbpited to the
use of _two, i n eoutput fromthe

3
det ect or 1203}5??’”9 hgg%?tedﬂféﬁfleﬁhﬁrhnaeﬂml% Egﬁe"ﬁf@&’gﬁg Y $edance tuning

mechani sm 138.cnghese faticttiion field frmmchhe hdigtegedadcel dfhet Rsokdnponent s
on the treatrent channedquanich bhetﬂé‘rme@aeﬁev@fratdhetpb@bﬁmdl%ev\be@eit isin

tissue to fagijdt ?%gtﬁéfélgjn%ntsgr?%g @”ﬂ;‘%e a’}teo %?&éé&&%ucﬁhﬁhwpeo'ance

tuni ng nmechani sm émod the inp
t uni ng rrechatrﬂesl%lf%w%%ﬁ"rp"ﬁdéé ign c%t\ﬁltdyaﬁPPTls tantcé’é‘fé?ﬁ’b%tll"ﬁ‘séflt ﬁf‘ﬁe therel n
under 10 he cotddiplbsef ttosnta)olthst gombs«34 af rose cionttreobkbeatdds) sufliéciempedance

tuni ng mechagy $PeiR8cERY A 18So0es iR8dabNe W 128008/ 152334t A8t | MPedance
t uni ng mechanl S be 0 ratl o] al g@ﬁﬁggr%ng insertion (tunnelling) of

t he probe as W Sus %b dj usti ng mechani sm need not be
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const ant i npaddnce APreostia phertoirtsPortr ahseritesitbn Fomiuifemwheeaby he
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t he mcrostrl ween to upto hal f the
I oadeaowavel%?i‘g}trﬁlétadt% qunéaeéhesl Yfi-interest. 35The output fromthe
i npedance tuni ng aAreckanicsm 3@ rast with the controller 114 via user

interface 152, which may be a touch screen display, a membrane
keypad and a LCD/LED display, or the like.
The heterodyne detector 126 comprises a mixer 154

25 arranged to receive a reference signal from a fixed frequency
source 156 and a measurement signal from the detector 120 or
the detector on the measurement channel (discussed below) via
switch 158. After mixing, the output signals are passed
through a filter 160 to allow only the lower fregquency

30 difference signal to be available for measurement of magnitude
and optionally phase using a digital signal processor 162 in a
conventional manner. A hardware solution may also be used to
enable the magnitude and phase information to be extracted,
i.e. a quadrature I-Q mixer may be used. The measurement

35 result is sent to the controller 114, where it is used in
subsequent operations associated with the control of the
device.

In use, the measurements obtained from the signals

produced by detector 120 provide a indication of the amount of

40 power being delivered to the tissue, e.g. fat, blood,
collagen, etc. Changes in the delivered power may be



received by a switch 140, whose function is to select either a treatnent
channel signal or a neasurenent channel signal for input to the probe 104
under thewoantwmbs2ef control signal C5 fromcontroller »t4/GBBhiozosssst ch may
be a wavegui de switch, a 40power varactor/PIN di ode switch, a coaxi al
switch, or the like. 22 The out put, signal fromthe switch 140 is
conveyed to the probe 104 by a flexible tTransm ssion cable (e.g. coaxial
cable) that is termnated in a connector 144 on the probe 104. The
connector 144 transfers.th Lgnal .t n_antenna_(no oW [
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The measur enBitco38Pa%1Tt |s?°séntzg]ftoﬂoiu%8 cont Torer 11 ere it is used in

20 configuration automatically changes for blood, the change in
the amount of reflected energy may affect the amount of energy
transferred into the blood. The reflection coefficients for
electromagnetic radiation emitted into fat and blood with a
frequency in the range 1 GHz to 300 GHz differ significantly.

25 For example, if we assume that an energy delivery antenna has
a characteristic impedance of 50  and the operating
frequency is 14.5 GHz, the reflection coefficient for fat is
0.56 compared to 0.05 for blood. The apparatus may be
adjustable to account for this. For example, the controller

30 may monitor the amount of delivered energy using the signals
from the detector and adjust the output power level if
necessary. Dynamic impedance matching may also be implemented
to ensure that the reflection coefficient remains as close as
possible to zero during the procedure, regardless of any

35 changes in reflection coefficient due to impedance mismatch
between the end of the probe and the contact tissue.

The frequency of the oscillator 108 may be adjustable,

e.g. depending on the size of the treatment region. At higher
frequencies the depth of penetration of the field



subsequent operations associated wth the control of the device. In use,
the nmeasurenents obtained fromthe signals produced by detector 120 provide
a i ndi catworonfosbsze anmount of 40power being delivered tecroBigmBuss €. g.
fat, blood, collagen, etc. Changes in the delivered power may be 23

i ndi cative of changes in the type of tisgue at the distal end of the probe
104. The controller 114 nmay sel ect an energy delivery profile based on the
nmeasurenents. Different types of energy profile are di scussed below with
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coefficient Jermi RBecaterfldsRuas PO RlueckOy 28I dYEh N tpe tBr 9eed W,
regardl ess Ognégl% skin tightening to be performed. The detection system
20 may permit reliable and accurate monitoring of the process of
collagen denaturation through changes in the reflection
coefficient between the distal end of the probe and the
collagen.
A particular application of the apparatus may be in a
25 method of performing an integrated liposuction and skin
tightening procedure on fine tissue structures. In this
application the probe is inserted into a fine tissue
structure. Energy is then delivered into the fine tissue
structure using a first mode of operation in which the energy
30 profile is suitable for gently heating fat cells within the
fine tissue structure to cause the fat to liquefy. A suitable
energy profile may be one in which energy is delivered by
continuous wave transmission to the probe at a power of 10W or
less. Alternatively, the energy may be delivered by a short
35 duty cycle pulsed transmission, i.e. a pulsed transmission
with a 10% or lower duty cycle. A combination of these two
energy transmission methods may be utilised. Once the fat has
been liquefied, a small amount of fat is removed from the fine
tissue structure along the conduit contained within the probe,
40 using the suction pump and storage vessel. When the fat has
been drained, energy is delivered into the fine tissue



35changes in reflection coefficient due to i npedance m smatch between the
end of the probe and the contact tissue. The frequency of the

osci | | at owo20B/3@322be adj ust abl e, e. g. dependi ng on t hepsirasB20fo/dinsss
treatment region. At higher frequencies the depth of penetration of the
field 24 configurations for both fat and bl ood are smaller, but the
relative difference appears to renmai n unchanged. The apparatus nay be
used in a nethod of perform' ng an integrated |iposuction and skin
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al ong the cond it contajned wt
9 %out caus{ng pa?%, preventlgg blood loss and reducing the

level of discomfort experienced by the patient when the

25 procedures are carried out using normal methods. 1In the
tunnelling process, it is desirable for the probe to produce
focussed heat with a limited depth of penetration to heat the
tissue structures in such a manner that a uniform channel is
produced. Since there may be many different tissue structures

30 on the path to the treatment region, sensitivity of the
apparatus and dynamic adjustment of the power level may be
required. To facilitate this, a measurement channel may be
provided between the oscillator 108 and probe 104. The
purpose of the measurement channel is to output low power

35 signals at the probe which enable properties of any tissue
present there to be measured. A power level for a signal
through the treatment channel may be selected based on the
measurements made using the measurement channel. This
arrangement permits a uniform channel to be generated in the

40 tissue.



40usi ng the suction punp and storage vessel. Wen the fat has been drained,
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to a tenperature of up to 80C to enable collagen tightening to be
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si gnal t hr ot S %é"?r a?orré)ltercﬁrénneqms : %ar%eq egt E%r a(r)lﬁe 210
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circulator 174 is connected to the probe 104 via switch 140.
The third port of circulator 174 is connected to the input of
a directional coupler 176, which is configured as a forward

25 power directional coupler and forms a part of the carrier
cancellation circuit. The function of the circulator 174 is
to convey the reflected signal towards the heterodyne detector
126 whilst isolating the reflected signal from the forward
signal. Forward signals on the measurement channel travel

30 from the first port of the second circulator 174 to its second
port, where they are output. Reflected signals from the probe
104 are received at the second port of the circulator 174,
from where they travel to the third port and are output. The
output of the third port of the circulator 174 is received by

35 the directional coupler 176, which is part of the carrier
cancellation circuit. After passing through the coupler 176,
the reflected signal connected to the switch 166 is conveyed
to the heterodyne detector 126 when selected.

The carrier cancellation circuit provides isolation in

40 additional to that provided by the circulators 168, 174. The

carrier cancellation circuit comprises the forward directional



40ti ssue. 26 The output fromthe splitter 110 on the neasurenent
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tissue of interest. It may also be used as the basis for
adjustment of the power matching network used to match the
impedance of the end of the probe with the contact tissue,

25 i.e. to ensure that the reflection coefficient is as close as
possible to zero.

The arrangements of the directional couplers 122, 134 on
the treatment channel provides an further advantage of this
embodiment. Conventionally, forward and reverse couplers are

30 inserted in the same path, e.g. between the output of the
amplifier and the input to the probe. This can limit
sensitivity of the measurement signals (or the dynamic range
of the system) because it is possible for the unwanted signal
to be of similar magnitude to the wanted (measurement) signal.

35 This is particularly relevant when the reflected signal is
small due to a small mismatch between the antenna and the load
impedance. In this invention it may be important to make a
measurement in this situation, e.g. where the system impedance
is 50 Q and load impedance is 46 Q (i.e. in which 4.17% of

40 the incident power is reflected back). The problem in this
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may be inpor as nment in this situation, e.g. where the
system i npe anctém%%g%kecﬁ%aqg I%%‘%f i npedance is 46 0 (i.e. in which 4.17%
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the wanted signal, Lhus,he Tegsurenent sionl cannol be diseerned from the

the measurement channel) and the input to the first port of
25 the circulator and between the third port of the circulator
and the power dump load respectively.

Further increased isolation or enhanced measurement
sensitivity between the forward and reverse signals may be
achieved by inserting one or more additional circulators (with

30 50 Q dump loads connected between the third port and ground)
between the forward signal coupler and the first port of the
first circulator, with the final circulator being used to
measure the reflected signal. Each additional circulator will
increase the isolation in terms of the reverse power signal

35 corrupting the forward power signal by the circulator unwanted
power flow isolation, i.e. three additional circulators with
isolation in unwanted path of 20 dB will increase the overall
isolation by 60 dB.



5signal. In conventional systens, the isolation between the forward and
reverse signals is dependent only upon the coupling factor of the
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than 0.1 mm). Thus, removing the centre of the inner
conductor 206 to provide a conduit 203 for fat to be

20 transported does not substantially affect transfer of the
microwave energy. An additional advantage is that energy lost
during the propagation in the coaxial feed structure may
interact with fat in the conduit to gently heat it and
maintain it in liquefied form.

25 The conduit 203 extends from an opening at the distal end
of the probe (in this case an opening in the aerial 209) to an
outlet located towards the proximal end of the probe. The
flexible transport pipe 148 (as shown in Fig. 2) is connected
to the outlet.

30 Fig. 3B shows a probe 210 that is similar to the probe
200 in Fig. 3A except that the conduit 213 is provided
adjacent to the coaxial feed structure rather than through it.
Components in common with Fig. 3A are given the same reference
number and description thereof is not repeated. In this

35 embodiment the inlet 212 to the conduit 213 is located to the
side of the aerial 209. Although the inlet 212 is depicted as
opening forwards, it may open sideways, i.e. the opening may
run along the side of the probe.

Fig. 3C shows a probe 220 that is similar to the probe

40 200 in Fig. 3A except that the conduit 223 1is an annular

channel provided around the outside of the coaxial feed



5pen-1ike body 202 having a connector 204 at its proximal end and an
rounded tip 206 at its distal end. The connector 202 is connected to the
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i ntegrated antenna, which conprises a coaxial feed structure that includes
an inner 10conductor 206, an outer condqgtor 207 and a dielectric materi al
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round tip. The aerial 209 is arranged to radiate a mcrowave field. In this
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3A are givengthet$a8®eik efigreRe8ocaUpdsr iandidescription thereof is not

repeat ed. The probe 400 has six exit passages 412 for transferring

20 liquefied fat out of the conduit 410. Each exit passage 412
is a coaxial stub extending radially away from the conduit
410. Although the stubs are depicted as extending
orthogonally to the axis of the coaxial feed structure, they
may extend at any angle. Each stub may be coupled to a tube

25 414 connected to the suction device. The arrangement using a
plurality of suction tubes may be advantageous in terms of
enabling the flow of fat to increase, which may lead to a
decrease in the treatment time. A further advantage is that
this arrangement may prevent a pressure build up or a blockage

30 occurring somewhere along the tube formed by the centre
conductor.

At the distal end of each stub, the inner conductor 402
meets the outer conductor 404 to create a short circuit
condition. To ensure a maximal electric field in the centre

35 of the coaxial feed structure, the length of each stub, i.e.
the distance from the axis of the feed structure to the end of
the stub, is an odd multiple of quarter wavelengths, i.e.
2n-DA
———Z———,



Fig. 4 shows a probe 400 that is simlar to the probe 200 is Fig. 3A
Conmponents in conmmon with Fig. 3A are given the 5sane reference nunber and
descri ptiwo 20hwse2t i s not repeated. In this enbodi nent pciigB20m@001ss8nduct or
402 is in the formof a hollow tube which formed the conduit 410 for
extracting liquefied fat. The outer conduyctor 404 is separated fromthe

i nner conductor by a plurality of ring-l1ke spacers 408, which 10are
preferably nmade from a Iom/Ioss dielectric material, i.e. PTFE. The spacers
408 may al so be netallic, in this partlc
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15 important factor is that E-field maxima are set up at the

centre of the centre conductor using the feed arrangement
described above, whereby E-field maxima are set up by shorting
the inner and outer conductors a distance of quarter
wavelength away from the centre conductor.

20 Fig. 5 shows a probe 500 for use with the present
invention. The probe 500 has a coaxial feed structure that
comprises an outer conductor 502 separated from an inner
conductor 504 by a dielectric material 506. The inner
conductor 504 is hollow to define a channel 508 for removing

25 liquefied fat from a treatment site. The feed structure
terminates at a distal end with an aerial 510 that is arranged
to emit a focused microwave radiation field into tissue, e.g.
fat at a treatment site, or blood en route. The aerial may be
made from a hard dielectric (i.e. non-metallic) material to

30 provide both structural strength and to enable a microwave
radiation field to be emitted for treatment. The aerial 510
may be formed in a sharp point to aid insertion to the
treatment site.

The probe 500 differs from previous embodiments in that

35 the feed structure is side-fed, i.e. the microwave energy is
delivered into the probe from a direction that is angled with
respect to the axis of the feed structure, i.e. 90° to the
axis. In Fig. 5, the microwave energy is delivered from a



4' 31 where n is any integer, and Ais the wavel ength of the

radi ated m crowave field. For m crowave radi ation having a frequency of

2. 45 GHz,we quanbe wavel ength is about 3 cm Adjacent eCulss208NM00858Sspaced
apart along the axis of the 5coaxial feed structure by a nmultiple of half
wavel engths, i.e. mt 2 wher e m|§ any integer, and Ais the

wavel ength of the radi ated m crowave fi e3l d. This may ensure that the

magni tude of the field is at the sane at the base of each stub. If the
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20Fig. 5 shm&&hatﬁéoélﬁce'io@ofuﬁlﬁctuﬁe soi2t h theerfyuesedhe | dneaidlyl 08ed The probe
500 has a cogydal; e{n?edch%t g&i”&&@%& go%’i | 89%) aQn&’U&FJerCQBQ{ﬂQ%@Jé 502

separated from an con dieléctric materi
i nner conduct®%r (868 i arnEFPEAt ol e |eﬁéc*érb‘f?a}nﬁépt5®’8 g PARRVETFT
251 i queefi ed dtata proximal redt hehtoSitthe. pFblee f¥dd tet cuedtr @ sepninates at a

di stal end vultxlauae é&(dlaclloﬁloamacthel %ea&@rggﬁﬁ st1@ @@Aﬁa@esf @EUSEhdY Crovave
radlatlonflelgi totlss:é‘i (? hat at gtr mrf{_) g oruatl)ltood en
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radi ation figleddt fakbEmemiatt €dif afoilnteat nent. The aerial 510 nay be forned

in a sparp point 40.aLd { IREIE QRe 01 ddN& Ml GREIRMMSk! €5 that the
liquefied fat can be extracted along the axis of the coaxial
structure, e.g. through a flexible extraction tube 522
attached at the proximal end 520 of the probe 500. The
extraction path may thus be free from sharp corners, which may
20 facilitate smooth flow. A plug 524 may be attached to seal
around the interface between the probe 500 and extraction tube
522 to prevent leakage.
Fig. 6 shows a probe 600 that has an integrally formed
impedance transformer 650. The probe comprises a coaxial feed
25 structure comprising an inner conductor 602 separated from an
outer conductor 604 by a dielectric material 606. The inner
conductor 602 is hollow to define a channel 608 for extracting
liquefied fat from a treatment site. The coaxial structure
terminates at its distal end with an aerial 610, e.g. made of
30 a hard non-metallic material as discussed above. An
extraction tube 612 is connected to the channel through the
coaxial structure to convey the liquefied fat away from the
probe.
In this embodiment, the distal section of the probe 600
35 that includes the channel may have an impedance that is
matched to the impedance of biological tissue to be treated at
the frequency of microwave energy conveyed by the coaxial
structure. For example, the distal section may have an
impedance arranged to match with adipose tissue or blood.
40 Typically, the impedance of tissue is less than the
impedance of a standard microwave cable assembly (normally 50



The probe 500 differs from previous enbodinents in that 35the feed
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20 outer conductors, the impedance transformer can be integrated
into a probe having a fixed outer diameter by suitable
selection of the diameter of the inner conductor.

In detail, the impedance of a coaxial body may be
expressed as:

138 b
log—,

,/8, a

where Z is the impedance of the coaxial body, &, is the

r

25 Z=

relative permittivity of the dielectric material separating
the inner and outer conductors, a4 is the outer diameter of the

inner conductor and b is the inner diameter of the outer

30 conductor. To match a source impedance of 50 Q with a load
impedance of 18 Q) at 14.5 GHz, the impedance transformer may
have a length of about 2 cm and an impedance of 30 Q. As
shown in Fig. 6, this may be achieved by varying a and keeping
g, and b fixed.

35 A further antenna arrangement (not shown here) is an
arrangement whereby the spacers or disks used to separate the
inner and outer conductors, i.e. 408 in Fig. 4, are not made



structure. For exanple, the distal section may have an inpedance arranged
to match with adi pose tissue or blood. 40Typically, the inpedance of tissue
i s | ess twenotiseszepedance of a standard m crowave cabl ecasssotopigsaor nmal |y
50 33 S2). To ensure efficient deliver of mcrowave energy into the distal
section, the probe 600 includes an |rrped§4nce transfornmer 650. To ensure

t hat the reflection coefficients at the junction between the source

i npedance (fromthe 50 Q 5cabl e assenbly 614, connector 616 and the
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information may be helpful or provide additional information
15 to help control the system. This arrangement has the advantage
of providing two channels that will increase the efficiency of
the system when used in applications where it is necessary to
remove large volumes of fat from the body.
Particular examples of semi-rigid co-axial cable
20 assemblies that may be used to enable embodiments of the
current invention shown in figures 3A, 3B, 3C, 4 and 5 to be
reduced to practice are:
1. Cable assembly part number: HC70009-3, available from
Rhophase Microwave Ltd, which has an outside diameter of
25 2.1844 mm; and
2. Cable assembly with part numbers: UT85-0039 and UT47-
0039, available from Rosenberger Micro-Coax Ltd, which
have a maximum insertion loss of 1.32 dB per 100 mm
length at an operating frequency of 46 GHz.
30 Fig. 7 is a chart showing schematically how various
parameters change with time during operation of the invention.
The bottom line in Fig. 7 illustrates how the reflected power
profile changes, i.e. how the magnitude of the reflected power
detected by the detector changes, during treatment. In this
35 embodiment, the reflected power exhibits three levels (A, B,
C) where it is static, with abrupt transitions from one level
to another at certain points in time. 1In this embodiment
level A is exhibited when the probe is in fat and the radiated
microwave field adopts its first configuration. Level B
40 indicates a much lower level of reflected power. This may be
assoclated with the lower reflection coefficient associated



i nner conductor and b is the inner dianmeter of the outer 30conductor. To
mat ch a source i npedance of 50with a | oad i npedance of 18at 14.5 GHz, the
i npedancewonrangi3es2oer may have a | ength of about 2 cm amdTaB20TPROERCE Of
30 0. As shown in Fig. 6, this may be achi eved by varying a and keeping Er
and b fixed. 35A further antenna ar r angeyrent (not shown here) is an
arrangenent whereby the spacers or disks used to separate the inner and
outer conductors, i.e. 408 in Fig. 4, are not made 34 fromsolid
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avai | abl e frtﬁ?h??"?@f‘fg Vi gr og\@yf: dod }g@{,gt’b%@s an Qfglﬁjrge di amet er of
f .g. - < t .
252. 1844 mm and 2. Cabl e assenbly Wltﬁ1 part nunberg: JI85-0039 and UT47-
0039, avail abl e fISm RBEERMEHFePIREL B2 CdaXSEEAt il Aave H haFAfim
insertion | as>fofles. B2 B apbrietdd hymdeényehy aif @neoperiattionghfr equency of 46
GHz. 30Fi 9. rlespecRithafissaROWM,pas SCharabpsatddushew YRS | QleRabANRiEers
change with gd e guriflaqoo eration of the Lnventi.on,. Tlpe fbqtt mline in Fig.
. € COREIR %%) o select an enef$ ellverg rofile (€.g
7 illustrates how the reflected power profile chang.s, i~."é.” how't he
magni lde offidear BipeRtidy péweretidt @PEYLIDS) tarecdet vt HsaffERStRfuri ng
treatment. lieflikicted power profile or other information from the
detector. Fig. 7 shows two examples of how energy profiles
may be selected to achieve the desired temperature profile.
Example A relates to energy delivered by continuous wave
25 (CW) transmission to the probe (i.e. where switch 116 in Fig.
2 is omitted or always closed). In this embodiment, the
transition to reflected power level B is detected by the
controller. Based on this detection, the controller adjusts
the variable attenuator 112 to increase the output power level
30 from P; to P,. In combination with the microwave field
automatically adopting its second configuration (where
delivered power is focussed tightly into blood), this
facilitates coagulation. When the blood vessel is sealed, the
reflected power returns to level A. This is detected by the
35 controller, which adjusts the variable attenuator 112 to
decrease the output power level from P, to P; to coincide with
the microwave field autcmatically adopting its first
configuration. Similar adjustments occur whenever a burst
blood vessel is encountered.
40 At the end of the liposuction process (i.e. after the fat
is removed), the probe may be moved to the collagen. The
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the treat mMenfhdre@h@Bre@Nthto blood, the microwave energy delivered by
first configuration being for liquefying the fat and the
20 microwave energy delivered by the second configuration being

for coagulating the blood.

2. Surgical apparatus according to claim 1, wherein the
frequency of the microwave radiation and the controllable

25 power level are both the same in the first and second
configurations.
3. Surgical apparatus according to claim 1 or claim 2,

wherein the first and second configurations are arranged to

30 cause a temperature increase in fat and blood respectively,
the temperature increase caused by the second configuration in
blood being an order of magnitude greater than the temperature
increase caused by the first configuration in fat.

35 4. Surgical apparatus according to any preceding claim,
wherein the frequency of the microwave radiation is 5 GHz or
more.

5. Surgical apparatus according to any preceding claim,
40 wherein the microwave energy is delivered into a smaller



a conduit for conveying liquefied fat away fromthe treatnment region; and a
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i ncludbng a 5det ett or Swrgidefl egppap tivisC poveE rgower ct &fn &Gt gdebatk theom t he

treat nent regifncandsfe GRNSOLLeEL for na@jraﬁgwgratd@st§&mtirsolald39g@amver
| evel of m crowave rgglatL n Qased on changes.ln %he getecte refl ected
se te 1ation fiel

m crowave powerc®Y € emi to adopt a
third configuration when emitted into collagen, the third

microwave ra

configuration being for tightening the collagen.
15
8. Surgical apparatus according to claim 6 or 7,
wherein the detector is arranged to detect forward power
delivered to the probe, and wherein the controller is arranged
to adjust the controllable power level of microwave radiation
20 based on the detected forward and reflected microwave power to
deliver microwave energy according to a predetermined energy
delivery profile.

9. Surgical apparatus according to claim 8, wherein the
25 controller is arranged to select the predetermined energy
delivery profile from a plurality of predetermined profiles
based on changes in the detected reflected microwave power.

10. Surgical apparatus according to any one of claims 6

30 to 9 including a circulator connected between the source,
probe and detector, wherein a forward path for microwave
energy from the source passes from a first port to a second
port of the circulator, a reflected path for microwave energy
from the probe passes from the second port to a third port of

35 the circulator, and the detector includes a first directional
coupler connected to couple power output from the third port
of the circulator.

11. Surgical apparatus according to claim 10, wherein
40 the detector includes a second directional coupler connected
to couple power input to the first port of the circulator.



107. Sur gi cal apparatus according to claim®6, wherein the controll able power
| evel of mcrowave radiation is adjustable to cause the emtted m crowave
radi at i orwbizelihspe2adopt a third configurati on when em rrewB20tom0es38| agen,
the third configuration being for tightening the collagen. 15 8.
Sur gi cal apparatus according to clain16:§r 7, wherein the detector is
arranged to detect forward power delivered to the probe, and wherein the
controller is arranged to adjust the controllable power |evel of mcrowave
radi ati on 20based on the detected forward and refl ected m crowave power to
deliver mcrowave energy according to a predeterm ned energy delivery
profile. ol2 .Surypirgakaipprianatissateerting to elai™mlid, wWherRi™ t he
25cont r ol | erores oar hangedidia i seh Bcdi ndué apo edete ddhnedt @heregyede| theer y

profile froma phupalidey AhPESESIET Thaethor ofid g5 dased jor changes in the

detected ref] ected m crowave power. 10 ur gl cal. apparatus according
to any®one ofSSHAATAR B°BGES §g?ﬁf§§ﬁﬁrﬁgaﬁdc??QﬁﬂcéFgrp?ﬁﬂ?nected bet ween t he
source, probe and detector, wherein a forward path for m crowave energy
f_romlthe source ]Plliﬁ.sessdlfﬂgQ@E@ fpgsdatper hc&&cﬁr@eﬁe?gnﬁ@ﬂec@ﬁiﬁ@ﬁzlaim,

circul ator, ref.lecte r r oway r mt he,. asses
fromthe secvg'lne eﬁ(r)lr flg ofrzl%‘%ttu P%g %or%eo%@cgg‘?%q%e%éfféglﬁ %‘53138%% lﬁ?fe
detector includes a first directional coupler connected to couple power

out putofromthe ti.rd qorticel sheemiticubat@rding to any reSatgngatladppar at us

according to,6d,aiim L. MRRELN: 40i1Q 48LEqt Pt REkUdeS.fhsecond directional
coupl er connected to couple power input to the first port of the

circulator. 39 12. Surgical apparatus according to claim 11,
wherei n one or noke addindilcAdl apparaiat accard ndohneetedrssedben Fdsdmgecond
di rectional waseliar tRathideanai &6y bits@ls &0s imEreasadbtsad atavegubed ween t he

forwaég and gt@dc%%gggrfﬁl%@%ggfa hollolﬂ?’bufg% ﬁééo%@uc@gpafﬁtl%% @999?&“ hg to any

preceding claim : requency of m ¢rowave energy is
adj ust abl e. FPLLCLEHF ARH(CTaPRAPALIFs 19E6PY I FRfFd2Any preceding cl ai m
wherein the conduit is integrated wth the antenna.
16. Surgical apparatus according to claim 15, wherein
the properties of the dielectric and/or magnetic loading
20 material are selected based on the microwave frequency to

support the dominant mode of propagation.

17. Surgical apparatus according to claim 16, wherein
the outside diameter of the antenna is less than 2 mm.
25
18. Surgical apparatus according to claim 15, wherein
the conduit is integrated into the waveguide structure such
that the liquefied fat constitutes all or some of the loading
material.
30
19. Surgical apparatus according to any one of claims 1
to 14, wherein the antenna comprises a coaxial structure
having an inner conductor and an ocuter conductor, and the
conduit includes a cavity between the inner and outer

35 conductors.

20. Surgical apparatus according to any one of claims 1
to 14, wherein the antenna includes a coaxial feed structure
comprising an inner conductor separated from an outer

40 conductor by a dielectric material, and an aerial that
terminates the coaxial feed structure at a distal end of the



15. Surgical apparatus according to any preceding claim wherein the
antenna conprises a single conductor wavegui de 15structure including a

hol | ow owenrzotioiseszet or filled with a dielectric and/ or wagres200/doossdi ng
mat eri al . 16. Surgical apparatus according to claim15, wherein the
properties of the dielectric and/or nagQ%tic | oadi ng 20material are

sel ected based on the m crowave frequency to support the dom nant node of
pr opagati on. 17. Surgical apparatus according to claim 16, wherein
t he outside dianeter of the aptenna jis.less, than_2 2 . 8

Sur gi cal apﬁﬁ?%?ﬂsa%%éﬁFﬁfﬁg F%FcﬁondUl 5}§%&Pég% A th (m’ﬁﬁbe in gHE

_ al-m 5761 A PRe'TondhPt T s It egr at ed
into the waviey§irdeosdygrorupé s rafraelt heed iSfferterefat constitutes all or

sonme of the |oading material. 30 19. Surgical apparatus according to

any one of clains;1 _t%ujr‘ré,ic%eép%aqattng 0L SR 4CPHPET S6S 28, CRREAIn _
structure haV|ng an i nner conductor and aﬁ out.ér conductor, and the conduit
i ncl udes a ca\ ﬁrb%{WB%ﬁ“tﬁ@n}ﬁ*€Fc§ﬁ8n6 t¥918586nduct or s. 20.

Sur gi cal apparatus according to any one of clains 1 to 14, wherein the
antenna incl udes 2 .coaxirali cheesbsdratakUsEcEURGi 8bNEL Ak 2ones zpnduct or

separated frgom an _out er 40condu r, by _a_di ri ri 9%91 aeria
that term navﬁ'eesr fatl ﬁey}é%acx%nglulp e%%l&dre%cta u?gﬁ%ﬁg&dkgt%ﬁ&eng%?et e q&o
2011/ 039522P&F EB2OL0FUBHEEL 48P HroBeeYaned Wiferldahefird dGhdarey i ikd™udes a
hol | owo t ube tHe thbélownamweconduct or of the coaxial feed structure.

21. Surgical apparatus according to claim20, wherein 5the aerial is an
omi -directional radiator. 22. Surgi cal apparatus.according to claim
20 or 21, mherei‘:%he%%ﬁﬁﬁﬁf% ?Qﬁﬂr&§8§ 5F%h{ﬁiﬁgigy %égﬁﬂ_ﬁgsoﬁd%%écted to
t he inner coffdwretor tiorcapdmibyingludes Bhoewtliedd ofathaviist e6nt®t he hol | ow
t ube. . cXkiaBurgeL At rapparatdtil ateondéngidve ehaidy 2@ ebnRdctesher ein
the copduit inchudes anoutl eh aniheqarhe afidhe epaxldalibeefesd ructure
and the nlcrqﬂﬁxguggergy i'S connecte

S .

24, Surgical apparatus according to claim 20 or 21,
wherein the microwave energy is fed into the antenna along the
20 axis of the coaxial feed structure and the fat is extracted
using one or more pipes that are angled to the axis of the
coaxial feed structure.

25. Surgical apparatus according to any preceding claim
25 including a static coaxial impedance transformer inserted
between the microwave energy source and the antenna to enable
the impedance of the antenna to be adjustable to match the
impedance of the fat encountered at the distal end of the
antenna.
30
26. Surgical apparatus according to any preceding claim
including an impedance matching mechanism arranged to match
the impedance of the source with the antenna in the probe in
the first and/or second configurations of the microwave
35 radiation field.

27. A method of performing liposuction comprising:
inserting a probe to a treatment region in biological
tissue, the probe including:
40 an antenna connectable to receive microwave

radiation output by a microwave energy source; and



15to the antenna at an angle to the axis of the coaxial feed structure.

24. Surgical apparatus according to claim20 or 21, wherein the m crowave
ener gy i swbediab2t he antenna al ong the 20axi s of the eoadpebioieesss
structure and the fat is extracted using one or nore pipes that are angl ed
to the axis of the coaxial feed structurg. 25. Surgi cal
appar atus according to any preceding claim 25i ncluding a static coaxi al

i npedance transforner inserted bet Ween the m crowave energy source and the

antenna to enabl e the II’E%%Q%EIEE onf gﬁgﬁir&g@%@ Qg %dé f%%%ﬁgheo QB tch

t he i npedance of the " ERcount er ed enna. 30
26. Surgi cal tEEFFELEE USEHE®Gr di ng to any precedi ng cI ai mincl udi ng an
i npedance mat chi nrtiwehang stheamiangeavd eneaygghsdinscd, npedasice e t he source

with the antgpRanhnehli&s Q)ruQQQrBPy tah@ufc&r;&sv@r}ddd%t%ﬁom1910%'@wﬁiérons of
the m crowave 35radiation fie od of performng Iiposuction

conpri i ng: I?Jﬁsré’wf’lf’ﬁgeréer&yobg g}be trteraéﬁlfa%n’fegrlé’éll on in biological tissue,
t he probe incl udiagkiv40ang anteretaoe opirec tepbhectes riec éheecondvidwanad
radi ati on out put duieatih§reaRcglehi¢gy SOUheeni@fdvavélradiation and @

duit f f h t
elivaling (he NeePA AL aor & B O Bt E e e ot var a1

a nicrowave T éPFo?fmftitéddmer%f’éﬂvevéra Sﬁb?rbvé\?édeﬁ‘é?wtllﬁa%% t r eat ment
regi ong actiaddpitisgaat suadt iconf pgue tconnebeedentic tekdeigondistt andna

sel ecting thsﬂecforn@qegﬂf:yg&fatt Be W& Qnaveedadit 'b@@oé—ndtﬁeh%lgygwpwe power
| evel of the nicro ener% ?Lource S

radi ation fi%®ld%ut'’s ‘ﬁr batoftd g‘flr‘%a on gﬁﬂl% At ﬂ&ﬁuﬁﬁghngem tted

into fat andthe fat and the microwave energy delivered by the second
configuration being for coagulating the blood.
15
28. A method according to claim 27, wherein the conduit
is integrated in the antenna, and the method includes heating
the liquefied fat while it is conveying along the conduit with
energy lost from the microwave energy delivered to the

20 antenna.

29. A method according to claim 27 or claim 28 including
adjusting the output power level of microwave radiation to
cause the emitted microwave radiation field to adopt a third

25 configuration when emitted into collagen, the third
configuration being for tightening the collagen or for skin
tightening.

30. A method according to claim 29, wherein the first,

30 second and third configurations are arranged to cause a
temperature increase in fat, blood and collagen respectively,
the temperature increase caused by the third configuration in
collagen being greater than the temperature increase caused by
the second configuration in blood, and the temperature

35 increase caused by the second configuration in blood being
greater than the temperature increase caused by the first
configuration in fat.

31. A method according to any one of claims 27 to 30
40 including activating the microwave energy source during



second configuration when emtted into blood, the m crowave energy
delivered by first configuration being for |iquefying the fat and the

m cr owavewenerigypoztel i vered by the second configuration lpermB20mnoe01sss
coagul ating the blood. 15 28. A nmethod according to claim 27,
wherein the conduit is integrated in the antenna, and the nethod incl udes
heating the liquefied fat while it is conveying along the conduit with
energy lost fromthe mcrowave energy delivered to the 20ant enna.

29. A net hod. acc%rdhngf ghe %,5 im 27 or cllal m 2 tlsglﬁ (pgf lg%;ﬁgg t he
out put pomerr1eve V8% r i At SRt talddd mtt m cr owave
radi ati on f|§HW@eﬂél&@o&ﬁ Q?etﬁFPﬁezgtdﬁﬁl69?%&@%&? %ﬁ@ho%ﬂ1tted into

coll agen, the third configuration being for tightening the collagen or for

skin tightening. 35 A m'%Qhoé Q@ééﬂﬂn@%&%’iaﬂ% 39, Chidd fB:29 chherein the
first, 30second and third conflguratlo are aregéged to cause a

t enper &t ur e TAEPEAYE FHEFHt SOBF OO HHAES| FAgEw BRI VNI the

t enper at ur e nerheaase ewrgaddoyothatathithd topddappeart obhe rsavgckagem bei ng
greater tharut&antteﬁﬁ@rat Whe pREbEass i6gusesk iy dnhessesondopenihgiration in
bl ood, and tﬂeo %aglusr %h35i ncrease caused by the second configuration in
bl ood bei ng great &r°than 1he tenperature increase caused by the first
configuration in fat. 31. A nethod according to any one of
claims 27 to 30 40i ncluding activating the m crowave energy source during
42 insertion of the probe into biological tissue to facilitate tunnelling
of the probe to the treatnent region. 32. A nethod according to claim 31,
wherein the 5m crowave energy source includes an inpedance natching

mechani sm arranged to match the inpedance of the source with the antenna in
t he probe during insertion of the probe into biological tissue.



