. e3&. . JD6Z WEsHSIEB065 PCTNS99/ 10683 . ,~ 3 NOY 202 SYSTEMAKBREI D For
BRAGKETI NG AND REMOVI NG Tl SSUE Fi el d of the Invention The presena i mﬁnkb
relates to a systemfor and nmethod of bracketing a tissue vol une o i @8
a t#ssue nmass, e.g., a non-pal pable breast tunor, using markers to define
t he boundary of the tissue volunme and a probe and detector to |l ocate the
mar kers. The p i j I BALA @l pEtiad VaiNG FISSURg t he
bracketed tis ’ng'g{"’ci‘m e{érﬁgﬁtﬁt% too(?K%g‘H?gr@venovi ng tissue in
connection with this and other nethods, and a tissue anchor for reducing
mobi lity of tissue during tissue renoval procedures. Background of the

| nventsi on Rietdinf dwetInyedivosi que for perform ng an excisional biopsy of a
non- pal pab breast |esi.o i brh RN OV ti E8EVEIgMam or

ot her net h%&?‘?’?@‘?ﬂ%\‘f%n%%na%lea%ﬁ%a%%téﬁ%éggﬁgdgg@gﬁ de vvigrji (e. ? a "Kopanz
wire'), W thnhingiathews mbisueg dy son-papapls ireast tumosmsigg orarkers toifisiingtieon. The
tip of the needle is generally placed di tly.in aor.as clos sible
to the Lesbowndapyefiihe H‘I"S@}E?’“HF‘CRB?EP? ﬁﬁ’i‘%?%%ﬁcé%it%ﬁ?‘&%e néaﬁ%%ﬁﬁihgiéeg%ﬁtm or
more gui de.wires 4lenSOiRl TR findlingdREbra8idea thfuel Meirdubicating do¢ entry
poi nt of tMECARee -y rough the skin 20 of the breast is usually several
cent i [t er SorfreMBVinh eistuesih conndeiort ittt this andgihst nethodst andenetiisee pcherdpent . The
surgeon does not cut  al gng tHe.shaft of t{]e needl e fromthe skin because
the di st anaedueingiRR)ilify 04 FSSup QUERGRTSSUS FROLYPRSEH THust estimate where in the
bi east the lesion is |ocated by making reference to the |ocation of the

needle. 25 This technique is not optinmal. Due to the anorphous and highly
pli abl e natBackgwundeftie Inventeue, e.g., breast tissue) it can be difficult

t |y defi h i f tiss t.o.b d t.h i, d
P SRR B S i B DA S T
surgeps t o pdetantidddigic8 %A etandfiidin 6f othiiendtiesi ivolbapedentbhe npddécanmnte of

the needl es. For these reasons it is not uncomon that the biopsied tissue
does not coriteaferg. teH K PanmwirerDgvialbpi wizhouyblge dys; o guidaibe suigaen @ Hiedesily cases,

as a result_of.t di fficult f i g L oper.. .k (N t he
boundari es %‘Ftlpl?g%\‘f’ol?cﬁ l%gcr%faggﬁgﬁédoﬁ%téh g%@gg&etﬁgossm%% t\b\gﬂégf‘BaoGS
PCTMBQgIN068yheh N &r M2 dotiplerlesumd arelbpchiriend, eacqhdrt gaidt wigosiet i oned

wi thin the volune of tissue excised, This calls into question the adequacy
of the nargometimenplagasat eachedae alihs IssiRpi AbF T Pols phike nml%tﬁ{qugh dersky
cases, . nhote nor.mal . tiss j i . i iGhd

di sad?®nt ag‘g k) uesbrFar? t F’H’lls‘éﬂ §r§§§%’ ]ecgﬁglg%gé 2% ﬁg{é? {/e %lﬁg H'P %@ﬁgﬁé@fgﬁ&g flsnﬁc%% her
fields of shd@ment iTheisGrgetronaesnot dunalgas theekidfi afnise wedla fforntha sitio Hycaus the
vari ous devices, and then refcggl}to such devices in conn%cti og%vvi th.the

renoval or distangedetep SETal kst Oe SUERTEN Mg estimats ihers In the greagdhelePlongs

5,630, 43 | T : endt3d 1R &0 oF HESKEIPES a surgical manipul ator
that is corll{"?%?dl%éjcfgglflﬁé %g?rte[,‘c by hlqiﬁ or rr?atfltonx?e%egei ved from beacons that are
10 positioned proximate to a region of a human body to be treated. As

anot her example,, U. S, Patent 5,397,329 to Allen (the "'329_ patent")
descr?bes fiuterkniayeispaiandingag Pug th 08%%695 %“Hal‘ﬂ%%llﬂgt’@ ¥&pf S8R an

i magi ng sy h [ ' ' " ' ., and
ar o spaced Weah £ S MG L caRE SIS Broplh) ARG HERER, S del B
det ect abl e pmotdie botvaiyring esd/atee insemidn bEtheisedlc(s). adwneGtdfien difficdlt for det | on of

i mges of a body portion of 15 interest. These | es are then,used, for
i nstance, i4r&seR Fﬁp HRist g eéa"t[diﬁ%‘#‘ °t§‘el %?é”é’rbaffé'é’ﬁlti‘{ﬁg‘i?ﬂeﬁ?étdéq ‘}FFleﬁelg?:Tevi ces
descri bed ifedeheso3itistadundednRAhRMEShidgsted\ RSl dbed Mt BorfiiHBleeX, and hence

expensive, than is appropriate for many surgical procedures, particularly
with Bbe enphmsiographicalhspostiyaispicimentin otenasesget tesdl af thedhiffisultyaf t her nor e,

due to the anorphous, 20 pliable nature of rtgin tissue) ,the systens of
the * 31 arfabmabor e pures Reafhst P attdnter i tilyBe o SP eRETHRRETy pe
described in the 431 and 329 patents require that the devices (e.g_,
beacons or fiducial inplants) defining the body portions of interest be
substantially fixed relative to one another and relative to such body
portions. These systens generally function effectively he devi ces
defining the body ' “\m\\“\lnterest are 25 inserted |W@H@RW‘W"“H‘[U"’ ina
skull i'n connecti (ﬂm‘m surgery or treatnent, but i eved
to operate as intendeq,wgen the devices are inserted in amorg®®es, pliable
tissue.



Bregst lesions are typically excised with a scal pel manipul at ed di@éﬁcﬂhv mz
t he surgeop, g&& 5the current enphasis on breast conservi RgTA8Y0
t her api es, PRe>EBove- descri bed procedure 30 for renoving a breast lesion is

typ#cal |y perforned through .a parrow o i.ng. L :

slitting asibnenénupbting Fufgfg%&}&?‘ Y Rosdoggtyitip tg“"‘t@%'%g&e?%ﬁﬁ% GEER gﬁf‘%)yatué

mani pul at ¢, 4 b ;oW B 3L SECh 51 BEFNEARLLAGHRHiueamlonsdingitiésiort Thstibpeni ng
so as to MEROVE the desired vol ume of tissue. The anorphous, pliable nature
of breast ilies sases,exae avine Essue remareddhansiy senuiied syhdch 1ﬁé§ﬁﬁh‘@ﬁtaa%°‘-‘aﬂ)‘bﬁ?scati on
of force to the scal pel. causes novernent of the breast tissue relative to

t he openi 88 MIHisEYfacURTHIPESEIRSul ar cutting tools are not widely used in
surgefy. Recently, however, United States Surgical Corporation of Norwalk,
Connecticut, introduced a relatively small dianmeter, e.g.) 520mm circul ar
cutting tgpbtletfaltds bf eagdny ittihlnowndd darest PoRBRS of hupashedy HEn& VaAW nder of

breast tissue for hio ur poses. .The I [ ' ting,

Ot or | zed debiert Araiben Btk Ra e pripien Y8 e p R A aRRE e 12

use of the ABBL &0l 1l 3 Phed 6. H6302310 Tla ticelqp | phesCy deseribey t o

perform a‘core bi opsys of breast tissue, it is not apparently 15 designed

t2 8 r em)Age sug,g!i]éam g}enﬁautm:orttilzé durontaldday prld PrainEtreetiensskeiy e feore basops thattistit
nmm such, it is. trot a ] ri

Femmial orordear weRSpsa APL S e R LhEHAE S bANOERR LS

In additi Qikerk N@, ABbY 32900l AlfendfitkeGh) paastysiebstitehRduig irhplants fatatmmahhan
di agnostic, surgeries has not been confinmed__ Detectors are used to |ocate
organs or ‘wipehat perdetestabledly annmagipa§ystamat TiriAuciahivemianare Implantesd bencath

material, e.d., _an_ anti i ! i rj

exanpl e, ttﬁ%%gﬁwgarpgg,acggo fg&gg@cﬁ%\%é F}}loﬁﬁrgo.da%gtg téﬁ%lage @Esgdg{%%:t?sﬁ%& and
5, Z46, 005, nbphdlifkOsyerad aklis ededat connanidnsaihcréyiofar endgése aedy patioRobduct s
Corporation, Morgan Hill, California, and 20 jdentified by the tradenmark

C- TRAK, priptereseslhese Hagedars (ispased fofiagiance.Ha ciypinghings Mmer én layerhea@. wit h
changes in relative proximty between the probe and a body portion that has
taken up .an anti body | abeled with a ganma.ray producing naterial) e.g.,

t echnet i unvs@rtuineg, thhdeviod Pessobed iorthd '43 datded29qmitentstard wastl e mowecbnlpleXk nown

surgi cal teehniques. 25 Even with.the systens.and techni ques, descr,i bed
Sbove. |t ORI oGP A U O H BN R AT RO St T
amor phous) e llHa @R bR chit SHMEINMEMGRA ntBafidR S th datesS FBthe FR@Tud B ROSMbShORE |
entire tissue nass 1s renoved while at the sane tine renoving onl'y m ni nmal

port 2ons ofliabljrmoeadf tartsmussucptheaystasudithe W endidff fasatsednndtds ueed
surroundi ng.the .taggeted tissue . mass i.s typically.renoved than is desired.
30 WO oBTesHtRY P the ?38@%"5%{5%?9“’0?“@8 Y R Ry 7002

One aspect eQfcet (e PEREGR r HBVEALInPRANIs SdHnfsSheRBdy PortRhaekiglerdigbd ti ssue
vol une. The systemincludes a plurality of markers, each of which has a

maxi mur n diubetastiably fokd rdative teotdrmatiEnand ralstivestasusheltbda iportigna nheax ystems
extending thro t he rker,. In addjtion .the system 5 includes a probe
and 5. det cRERDATE Siiace B oy e P R B E TR PRSP REPTOR alfen ¢ he
probesi s pheHeA®t Borlele 8N Ofkull Mg cindéttniviith 195in RBLKS % reARRENBGL @SMACt  Of
the present invention'ts a surgical marker that includes a quantity of

col ored dykeligved tq opengtsas éntended Sihag theldevigesang insgrtedfin sotpheny, pliable tases. or bot h
of the dye arid 10 capsule are readily inmagable by at |east one of
ul trasonic, magnetic resonance and X-ray energy.

Breast lesions are typically excised with a scalpel manipulated directly by the surgeon. With
the current emphasis on breast conserving surgical therapies, the above-described procedure
30 for removing a breast lesion is typically performed through a narrow opening in the skin

created by slitting and then pulling apart the skin. It tends to be difficult to manipulate the



yet vanot her aspect of the present invention is a cutting tool that jncl
a first poglio9aseed a second portion. The first portion iﬁEF’lﬁ’ﬁ%"é‘"Mgr%@e%Bz
bl ade having a first edge with a first curved 15 configuration and a first
conmector. c% ng uﬁﬁ&rpﬁﬁ’s RRAibk 99 ai REtreRShadsrebnunt affésshavTivgrorgivsond edge.
The second Hbe as a second curved confi uratbqn t hat h@hdesiﬁn%d Sp t hat
when the sfiabledafuteaafebréast Rses exagarbaics IAMEFE PAEICH SSBR FHGEHENS WPYHPRE" fi r st
bl ade) the first edge. and the sec : : i inuous
cutti ng odaes e SR PO RS EERD e A e B R e
positi oned and designed to rel easably engage the 20 first connector so as
to releasably secure the first and second bl ades in operajive gengagenent.
Stil |5 anotdiedulaspeing tafls arhsopvidslyvsed invBigenyoReratly, hawe¥ere aH"cdngtP or

reducing nobility of tis duri ng: sur g cd A D Fvdl ; Ehe sLissue
anchor i ncjusgied @F%%“?i@?g%ee a"\??‘ﬁfgtg&?gﬁ% i lja%grtg),' ggﬁg?lg)t%gtlcr g% St:;md a

proxi nal The kot BstisORI idsRiicdtby tignsddena ABRY burcaio2Bigadjytivdmof t he
di stal end. e ti ssue anchor al so has_an el ongate rtﬁnber vvith% Eorlti on
si zed for bresetigsue farcbiopsy ARPAIHehdhOBPH chBeRdri anpscihying: Beiaheeh U st

position and a ,secopd.positian,, Tk i i s e

Cl ongat o eI tdBee i B e AP OF e B b s B BDK B or i on
ad] ag@nt tRABidEls eftbcrRAtvayltd padistint 4 @ie bibhsys af bitasatssuaries aocipparentiimber i s
sited and positioned so that when the portion is in the f‘iefrégt p)%ghtixn t he
at | east odusighed toremore piimEen of Yssye havangst digmptes mpghyin exeess fadopid O As

el ongate tube .and n i LS Lt by t | east
one. anchor HErbar o sae BRrboriehisvefiredf SRECHC RAShEL Ak UE

991 58065 Rrhisadh LAESE cuttthgNey én2O0K adititior ot ABBI mslsedfecienedsdn pr esent

invention is a nethaod of renoving a tissue volune froma tissue portion
using a pl bewmpsutip, BhepieR 4REROiRSUHSTIRLIES B8RSR E?r}f‘@mfﬂ]e steps of (i)
posibr'éoni ng a plurality of markers so as to define a boundary of the tissue
volure, (ii) detecting the location of a first one of the plurality of

mar ker s, aDeteftots are ugedits longte prgahs armshepottions ¢fithsbsly Shap bavei tafenajaacent t he

first one of the plurality of rkers.s tant,i ally al on he _boundary

adj acent tﬁé’qa%“ét‘ﬁff{‘al&_'i i ?ﬁg?%éfi?%%d;@awmf‘ﬂb"\é&aé? t{:?_rr%\’f%’m’ F’g “is a
met hod, of gmgs kfnyteﬂrsl& Rstrited UOUMRPatehts Nos. B, BR®35 9 hind § 348)605UB6tRGo Gapitiedl i ty
of markers. The thod conprising the steps: (i) generating an 10 imge of

t he ti ssuealiymss soldhbyl Qaid Visedvledical Rypdues CaworatingdMogan Hil, Cakioda,mad s,

posi tioning th | urali- f rs i.n the piece of tissue so.as.to define
B boddary dertiedpabfisindh e TR FatidcoPhetP il IR RBidos pect o
of the i NVefds QRihahendde Siffelal@€ ploRirifeoekWiech A figbitAivoeflpsEEE BiabhdsQikeaf t he
IS invention, in the clains and in the acconpanying draw ngs. Bri ef

Descri pt i omp axf artihed Disheleh yith Bleamne rpy proAudiciempteud ce. Heledpeben P8, Pinegrhef a
ti ssue mas nd sur.r oundi 1issu u that i s, bracketed by the markers
of the pr eS tP"F%%‘ﬁt%F*S%F&\?& ltslfrlentm\/\gd\4 hgervﬁ%s%%lfar{éescg'ggfet%i oned on 20 opposite
ends of each of nutually orthogonal X, Y and Z axes intersecting the tissue
mass so as_to define the boundary of the tissue volunme, and with the probe
and @&t ect Brerowith He spstesentd Eeeves desciteadrboysol ranansaditlisult frarsuraepeta | ssue
volume; FIG1 a is a per ctive view Qf the fissue illystrated in
G 1 vi PTG iR Mot s %‘c?\s%eﬁis%“ﬁe%“%ﬁs ot IRES shas e lieds, o
mut ual |y oggdie @94 ima¥dis réfhoaddvidleaxes s@nsltivk b dviMg only minimal portions of

adjacent tissue. As a result, more unaffected tissue surrourxdiné the targeted tissue mass is

typically removed than 1s desired.

30
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mar Ker s bei ng positioned on opposite ends of nutually orthgg%sg/ &3 and Y2
axes whi chyygespassual |y orthogonal with respect to the Z AT SSENI G t set
along with Z axis with respect to the X1 and Yl axes; 30 FIG Ib i%V%NUV 2002

per spect i Vsqm\l/ring}g, X thk Pevénkisaue volume illustrated in FIG 1, with t
mar kers bei ng positi

It1oned on opposite ends of each of "V, ' and Y axes,
all of whi@ke dspectivfitha p&sentw‘@ngms8@8%6@@&“?&%9@?%%%&3 1°‘%‘“V\%\15§€7“25Y6'6§‘
conmon plane and are . nmutual | y orthoganaly wi L0ndf fo Aetestharp 11 oOf
these axesnFinde ARl r?’s?écdlzbqnaés;ha%%{ ga- ggﬁ%‘r e schemat i c
representations qf. MAKIaQAg a8 eEtig tafougnehenmearker $n ofditidneth syatem ent
i nvention and’their assocl ated detection characteri s(ﬁfiécs; FI G Cl’.a bse a
bl ocksdi agnalmtefa rhbe ehdaspeeooNREddpHEArPRS TR HFOarS IFFRIALPN WIRR EE, at ed

in FIG 2c; 10 FIG, 3b.is a llo ' the RF exciter used with the
mar ker i | | RFeb% HPERITATCEP £N° %@!‘e ﬁ‘fﬁaﬁ"ﬁ&{"?ﬂ%&% ock di agram of the el enents of
one enbodi nent of the marker illustrated in FIG 2e; | 5 FIG 5 is a block
di agram of the RF exciter used with the marrer ilxhéstra&ed in Fl qe 4, FIG
6 is a perapebesaspecy ot BTSN eNERBPUIS ASWEICE Mptker et REpdes B AI¥H%PRd in FIG
2f, with details of jnter ' ' j rAbLed ¢ REPM
view, 20 F‘F‘t";?m%%?’%m?ii b Eﬁgg?cggggtnqc:)ﬁ% L‘itﬁg"%%'é%gd gir’]éd%togct@%r fl'i}]se with the
mar kqp i || gpkhleeRdeidilyfegat2bly &llGst dheiof ubrabindg magheigresenaice andXgrvbe and
detector uséd with the marker illustrated in FIG 2c; 25 FIG 9 is an

expl oded penesgecti ve view of the cutter of the present invention, with the
two portions of the cutter being shown in disengaged, spaced relatjon; FIG
| Ois a perspective view of the cutter illustrated in FIG 9, with the two
portions ofyet &3P agusttefithdygisegt ishownn ise aringded thad dpséudas # fist petian fshe G

a WD 99! 5B065 PC?NS99110683 EI G ]H:! isfa flré)Q{q el evat i gn Vi ewt.of ‘Ewhed
tissue anchrsendporting hReEBHPOTHARBEMARE TN b hgine 2 A AHE VIR A PO EU8TY ¢ he

Cuttﬁ,]rsabei n&fﬂ&&‘@{gp a%,{qgh;sﬁ?%@r&e&h@vvme%eéﬁairglbigoatﬁcmekuséctaaa blad hivhdga 12 is

an e rged vitew o ti ssue anchor in , Wth the rod and annul a

bot h bei ngséronk edgeatThkisend kdgsdtas arseeand cutved configatatine tabisdgsigredisethat a

second location to facilitate.illustration, also wth.t I bei shown
in aret ra&l‘éﬂaﬁé§?9"1%ccg’il1adféﬁ %%Si‘k?ée‘fw %Pﬁ‘é{%%“r{ﬁa%'?e“w}”&? ﬂ?egﬁ ftsb?%llemﬁf g%tt o FIG
12, except ¢ifafndtthesctdil ddge SdraiMsubbtaithfly @¥dtRNSREURREI ik nfedibh e to the
cammul a with the anchor nmenbers attached to the end of the rod bei ng shown
in an second portion includes a second connector positioned and designed to releasably engage the

20 first connector so as to releasably secure the first and second blades in operative engagement.

Still another aspect of the present invention is a tissue anchor for reducing mobility of tissue
during surgical or other procedures. The tissue anchor includes an elongate tube having a
central bore, a distal end and a proximal end. The tube comprises at least one aperture

25 adjacent the distal end. The tissue anchor also has an elongate member with a portion sized
for receipt and axial movement in the central bore between a first position and a second
position. The portion has a distal end and the elongate member includes at least one anchor
member attached to the portion adjacent the distal end. In addition, the at least one anchor
member is sized and positioned so that when the portion is in the first position the at least one

30 anchor member is at least partially received in the elongate tube and when the portion is in

the second position the at least one anchor member projects through the at least one aperture.



10 ext ended positi on engaged in a portion of a tissue mass; FIG 14 is a

top view ofy, §ast of woman in a supine position, with aptr/@smoms‘pa NOV 2002
bei ng surrouné’ed by narkers of the present invention so as to define t

tisste vol d W o @ Pech UiRPEidse LGS Kotk £F the
breast aboVé& %0%%;%5%3%0?5[%% T\g@r&a& 1“%%} S on %r%é‘g?stécst?onaw V|°ew of

t he br east tigdue pbfionddirgaieimvaityad gakliere ThSmithod nofpridinglube step<Hf (posiiomngri | ar

to FIG 14, except that the skin adjacent the incision has been pulled

apart to pﬂ@%f@éY§§6@§%ef%5(9 35 he1€4d] w.aﬁ:@umﬂ%%&thq fisug ¥olumg, Gﬂ? getectipgithe o
enl arged vi 6%16}}:?1;(%&55%@13 %QEIEJEIIF | Prnadifins, Whd i EGS}AI; zgﬁﬁ%n@%ngﬁssue

illustrated 1n 05|t|oned I sue mass, and the two
porti ons obhoittide adjstém the ﬂirlsmtaroﬁtledalumhtf bfﬁarkersanblstﬂrmaaymioag thadoaidatyhe
present invention aII being positioned adjacent the surgical cavity; ' 25
FIG 18 i sadipeant Hie lesftienG, 15, except that an incision has been formed in
the skin of the breast and has been retracted to provide access to the
underlying tissue nass to be renoved and the tissue anchor has been

posi ti oned Saheueththepar eftt: pre3énthventidts b snettiod, of raakging awtisew ridss iMepiper ti on

of the breast illustrate containing the tissue nmass to be
renmoved, wPtHSSERESIPE §§E}§q5¥1856‘?’%5’§| %@ ¢ PEUPE COARGFiIDthe FEPY | @AFBIRUREAN 1 t he

s h
7 b O Q088065 .53 NEX, 2008, RETHASAGLABES oP L R0RGROSbBHpg B8 102!

t he anchor menbers of the tissué anchor enga

simlar tophrdty bﬁmaéocmeptthetmaie of hesut swagtodefiensbahdirhef ¢ tissue volame that
illustrated in e cooperative relationship and are positioned under
the skin iH“"t g’g Wetrﬁastshe tissue 5 volume to be removed; FIG 21 is
simlar to FIG 18, except that the tissue cutter is i |l ustrated

surroundi ng the tissue anchor and in cutting engagenent with the tissue

vol ume to %éherr emsgec! theriagvengorpre degpibedingheol lawingale file] d&triptenofpte t hat the

tiss vol removed fromthe breast and is
il lustrate |?111hf§'d| a gP{?%gg%l %Leyac SUPRGTERE SEYARRShg i n engagerment with the
ti ssue anchor and cutter. ; Detail ed Descrl ption of the Invention 15

Referring to FIG 1, the present invention is a system 20 for defining the
boundar i esBswel Descsiptionrof{¢hePragngs ti ssue vol ume 22 in,a tissue portion 24.

Typi cal |y, S atis e a breast
| esi on) thg%é |slslgt(EJ érycgetge%p% ?SF %Jgrl;rg{?gloi}% ngg 45 ”ﬁ‘ﬁl"&ﬂsﬁg %’é"%i’dg'ﬁ&fh%@t ed
ti ssue sur bravkudédigy mhmah-k&essmfelmm&nt ;ﬂf/&rﬁlront\lvﬁlﬁ% Mﬂ'k&%elﬁg bsttideatket ed,
syst 20 can pe usegﬁ?ﬁ% Iocat the defined boundaries of P he tissue

vol urfd, e. §PPosByends o SRR Wf‘HO&Oﬁ%’ XU @‘ch%lquﬁemmtmgﬁhﬁttlssmmasnss 26
As descri bf‘sdto'd@ﬁﬂpfh@ beet by ofifl QWie Lﬂ@mp,ragé ik i prgge an del tn?o? Qe g}erse%(t:t ed

to a nethod of
invention being positioned adjacent the tissue volume:;

FIG. lais a perspective view of the tissue mass illustrated in FIG. 1, with two markers being

25 positioned on opposite ends of each of mutually orthogonal X1, Y1 and Z axes and with two
markers being positioned on oppaesite ends of mutually ortho gonal X2 and Y2 axes which are
mutually orthogonal with respect to the Z axis and offset along with Z axis with respect to the
X1 and Y] axes;

30 FIG. 1D is a perspective view of the tissue volume illustrated in FIG. 1, with two markers

being positioned on opposite cnds of each of V, W, X and Y axes, all of which lie in &



br acket i ng t‘l,g%;gﬂoyénl ume 22 using system 20, and a nethod ofcf/8698)bdad
ti ssue vol une usi ng system 20. These net hods can be advant ageousl %’3 NGOV 2002

al t heaugh cl ot necessar.i ' \ i t t .aspeets of the

pr esént invceoﬁ%rp?)l}lﬁl%{lgéﬁ,%ecu ﬁaﬂg%ﬂg%&%%%(%pégtggggﬁﬁs’T@ff fF ¥Fssue
anchor 30D intekdettidgthe Jpsuelmpdsky descri bed bel ow. System 20 conprises a
plurality of markers 30, a probe 32 and a detector 34 connected to the
probe. As described in snore detail below, markers 30 are inplanted in

ti ssue porty 4 i dance «Qf .a conventional, i magin stem
not form ng#@agr' ? agggf%%g%?aeﬁscgg}frg%gﬁ\%gﬁ S|°of{r21')a“§hc§ “as °§'6”°Bgé’?l?§tm?r %"ggfg&%m une
22. Sush i npesenginvyionnmd niegr dsaclasetidetctisradamRdistces; 13 N ~1 ~ ~f1 0~ WO
991 58065 PCTNS99110653 nmgnetic resonance imaging ("MRI "), conputer-aided
t onmography (" CAT") scan, and X-ray systens. Markers 30 are imagable with
t he i magin ; ' i A Far. exampl.e, 1f .an

ul tr asoundglrl?q%glg%a gg?fé‘%@% Jgggﬁaﬁéq@%%gf lﬁﬁ%c}rlﬁ‘g}r“sc'f%m%rﬁ%r ‘ll‘éﬁ“tabefi Wre
configured BId2omde froma material that strongly reflects ultrasound
energy. Materials that are imgable with the energy generated by such
systens are well known to those skilled in the art, and so are not
descrijped i i I j | E tion of markers 30 r.obe 32
and détpect o?%gﬁgér%blgg{e a%%ﬁdo@g@gF%@Jn%Pég%té%c ﬂfﬁgg@?ﬁ%ﬁgd "?ﬁlcﬁﬁf‘é det ai |
bel ow. The terns "probe 32" and "detector 34" are used generically herein
to refer tag Ih.lo enbgdi ment s, of, the obe and detector described bel ow.
Speci fic erBodi AehPIOClFiRgRE Hfthtdementsefpng smbedimentaf thermarkerdHustfateddn Usi ng a
prine not atgignagescri bed below) i.e., probe 3?" or detector 34". Markers
.15 Preferably, markers 30 are biologically inert and are relatively snall
so that they interfere as little as possible with the renoval ox .other

t reat gent t LSSU ol,.u 22 kers 30, may have different geonetric
conf i gﬁr at ici{%ﬁré,g%sé g‘.",gk glﬁgfgﬂ O%a\li’e!\ﬁ%%%—e’i ‘W%}“%%q ’ﬁﬁ?‘?'cﬁﬁ‘l‘sﬁmlﬂlé\ikgl‘él)’r;i t is

preferred that the greatest dinension of a marker 30, as neasured al ong any
axis extending through the marker fromone surface to an opposite surface,

i s not nor & TEh&# BRFEIRECBricw ofione embodiniept ofithe inerksr BQstake iR FEG, FWith ©f ,
i.e., the j Lan. i S aho |-2nm, I n addition, markers 30 each
have a det g%??%ﬁﬁ%ﬁgég‘g%ﬁggﬁnibef@ l@%%%feé B389 ¥WA%by probe 32 and
detector 34. The detection characteristics of the various enbodi nents of
mar ke 30 ﬁgn be characterized as active or passive. In the active
categtty, The HErdlesoHagrmrhticarebstand dotelor B8 ith tte rearhadilngatedof nar ker
30, illustggses,.in FIG 2a as marker 30a, is gamma rays 40. In this regard,
mar ker 30a may. 'include materials such as technetium 99, cobalt isotopes or
i odi ne isotopes. Such materials may be obtained from DuPont of Billerica,
Massachuse% .. Preferably, each marker 30a generates gamma rays 40 having a
field stre g‘?-rﬁ i3 Rerk diagryn obthe probg@ndrileecsernsed wisth 80 ndiress iliustrite@jact i ve
category, Fr@ & second enbodi nent of marker 30, illustrated in FIG_ 26 as

25

FIG. 9 is an exploded perspective view of the cutter of the present invention, with the two

portions of the cutter being shown in disengaged, spaced relation;

FIG. 10 is a perspective view of the cutter illustrated in FIG. 9, with the two portions of the

30 cutter being shown in engaged, cooperative relation;



~ 3,NOV 2002 WO 99] 58065 PCTNS99l 10683 nar ker 30b, the detection

characteristic is magnetic field 4?. Markers 30b of the second enbodi nent

thus contain ferromagnetic materials in which a magnetic field can be

i nduced, or alternatively are permanently nagnetized and so have an

associ ated permanent magnetic field. In FIG 2b, magnetic field 42

represents both h& i nduced and i nherent magnetic fields. S5pStmeygosss

per manent m%‘?]%g( such as those nade from Sai mari um Cobalt, are typhca'a\l“dv 2002
tY

f df k 30b. ..Ref ' ' ol '
o n 1t IR E i oS Vi srar: S iers e et BRI I

si gnal 44 i%ﬁ@lﬁ@ﬁ@?@d SQnécdtict BERE bivavnSin Geeden dfzw tddilotats ikuseratign; 10 sour ces
may be used¥6F tri ggering signal 46, including a magnetic field,
ultrasound or radio frequency energy. I'n this latter case, marker 30c is
preferably designed tqQ receive tri ri i ly,48,: 300 af RF
wavel engt h,F%dgi‘ﬁaﬁ‘ H&ﬁ@é“i”ﬁé?‘éﬁ‘g eear?l@go@!‘gg%llzlgllﬂg@egggg@)% ntlillg bth
wavel eﬁgt h. 4% ‘,mg,% LMk astaivassd heQodidlbRe badidiebkdnhaa sedoad squatior tocfacilitito
frequency i?s , I's carried in signal 44. Alternatjvely, markers 30c may
al | transni filusiratval aldd with tiee 1o ging shewT ingraiardsa Pogition Telattve to hefpanyla;
identifying each marker being carried in.signal, 6 44 emtted by each marker.
A suitable marker 30c is illustrated in FIG 3a. This marker 30c includes a
transnit/repgiv8 #GhRRne HY: | Drexcat diavitegodis sMbws inghakbxtaided pbiitiet rdatdguency
and transmtting an Rf signal at a 20 . second frequena%., NEO i ncluded is
a power det thetchwada vethahe prebar members aRgrbed ioght endofiths 104 PSBESASYD Fhdkect s t he

presenge of, and.r | at e icH &al ived by the antenna. The
regul at'ed Rt %ﬁgﬁgﬁg%}%ﬁ%@?ﬁ%@n Ci rcstsj"lqet%?i to drive radio frequency
generator 56 which generates an RF signal at a second frequency. As:
vcussed in nore detail bel ow, tv’;gen mul tiple markers 30c are used together

W a gi ven PBIGdKds piRp HEWOEAGFESt 9 NOMEP AR R JURIBERPS BN ik & HSSUE MASHPEIR. RF
signal s at SRR h b Eht inveritidh 9b8s foeiRCHEBEKR VoluRltoBE Si gnal
gener at ed bg'"?og‘é%ajﬁ{élq%ﬁcy ge\(,aﬁr?er atlorc 516 IS theﬁlpr ovi ded tc’c‘)J antenna 52
where it i Sremicvedndtveich asincisioRForsied irmthe shhiof éheitreassabovethe tisag vohane;
frequency of RF signal 44 transmitted from nmarkers 30c be uni que for each
mar k_er1530c used in a given bracketing procedure, the frequency of the

recei ved RFpfd qRak a 43sk-SecRbR{ @1eabb Hthe BIRERBS PIC.h4 &ﬂ&ﬁ@m&g}ﬁc 8.1 59f F1chq430

mar kers 30c used I n the bracketing procedure. 10" 13 2f1 02 WO 991 58065
PCTNS9911(Q683 Referring to FIG 3b, an RF exciter device 60 for generating

gener ator 691436 it AR G- b b el e R B BEh sebEBHER ety

an RF anpl i {J bvi@éd atdeks @rmbérdynmreadnessaei put fromthe radi o frequency
generator. The sensitivity of anplifier 64 nay be controlled using gain
adj ustd®ent 62 coupled to the anplifier. The output of RF anplifier 64 is
provided to ] i G o ' [ I - '

Bt enna 65 BiCAR oo AR ER0 R W ERoh oPRR R R andliy iR
proxi mty tPIGRMHer33ingpdshicappindpe ligshemrgss, andutlp wed partivnsaff tlijFcustepilivitraed 64

ng achi eved by control gajn justnent 66 until a suitable return signal
@ o becintlon, agnaeh S B3b0ofL ERSTE e A st e hor b AT & 5.
10 In a fou gqi.ment, again in the active category, narker 30d,
illustrat ed&'frgicﬁlr% ﬁ!% continuously emts signal 44 at specific
frequescies in the radio frequency spectrum The marker 30c illustrated in
FIG 3a and_descr.i bed abo n be satisfactorily enpl oyed as, marker 30d by
addi ng a baFtQ@rly i3 ﬁ‘&%ﬂﬂé%ﬁ%’)??ﬁxﬁ%g@tmmﬁﬁmmﬂ ca dorgied ppiheiskin af thechreasti ¢
54 of 15 maf kAl 306 | drE9id0cks (0 Rl dnBEHifPGss] ' '
mar ker 30d) |nsa3%ar“ée?§%tgae%b%rt tleryccgener aet élsgrtwﬁ%gegsﬁ{égggggggg%@&te%wmrraer ker
i n produci ngssREasdhgnhds bbén péstienctl inbeve therbregitnent in the active category,
mar ker 30e, illustrated in FIG 2e, is designed to vibrate follow ng
inplantation. This vibration is a detection characteristic that is chosen
to 20 3%nhangm'1gq9§n CARGERSewdTRE JEIPS RObdess: IRSRRAER Fi8. PecsRtifn] att
usi ng a probe 32 and

rissue mass to be removed, with the tissue anchor being positioned in the tissue mass in the



detegctor 34 that performultrasound i magi ng. Mre specifical l‘){@ i/rbgg}riw 2002
ul trasound wioggn#Bo6E4 i s refl ected off marker 30c as ref | ectP&FHPY1%¥ound

signal 76, with a Doppler shift conponent being added to the reflected

si gial due ektandddeposition a¢ thehthofanghes mempris of the ties aAeher Prasgabietistdf ™St he

mar ker. The vibration frequency of marker 30e will vary dependi ng upon 25
the frequency of ultrasound energy generated by probe 32, but is preferably

| ower than %ém{sgmqypm. |7 N&QEpt Mgkt tHetitya poriads S i abtter dre\Whistrted $n

typically I.e., the vibration frequency is prefer ablg in the 50 Hz
to 50 KH2 reagaed, cdoperatiwbelatingshipand 3pcpositaned Bl Skip Heconiastyith g tistyp
descri bed above i illustorated in PG 4. 30 This narker 30e includes an

ant enma 80 VeBime '@ §i'?/rf‘?1‘bedan Rr signal that provides the energy driving the
mar ker. A power detection and regulation circuit 82 is connected to antenna
80 ~ 3 Nov ~ooz WO 9915B065 PCTNS99110683 for detecting when the antenna
i s receivi MjGadl BEimilgraFlGnd, exseptiter thedispirguttprds lugiaaed susoupdiag Mg tissue
oscill ator and wayef or m gener at o i j 0 ted to ciircuit 82.
Greuit 84 BOER B CHPe Rt Rt e e IR R B L 82 1 neo
an oscillating electrical signal, preferably in the audio frequency range
(i.e., 20Hz-20kHz)) havi ng%a waveformthat :is optimzed to drive

pi ezol@®| ecthlBec2issimbargs FEGileetcsrt he thy tysgigf; tolumae hasibaerpcomnietely remenedi ce 86

is a conventiopal, pi - £ j: ' : :
oo o e U B LB AL ARA AR Shol . LA LBl
Pi ezo- el ectthé fissdeund@r 83 dusteat t ached vi a support 88 to outer housing 90 of
mar ker 30e. Housing 90 is designed to resonate at the mechani cal

oscillation frequency of piezo-electric device 86. 10 Referring to FIG 5,

an RF coupl exCk e 9.os Provided for generating the RF signal
recei ved byﬁ%ﬁﬁéﬁg}%@tlgﬁ mar kgr 3(§e. Exciter 92 includes a radio frequency

gener 8§ or Reféwing geRKT . dt ihegraentREvesiigniala sysim 20nfor@efining the baugdaries ofilj.eist nent
98 connected thereto) is provjded for receivi a anpl i fying _the output
si gnal frorﬁrﬁfé‘ﬁ%?%tadgss@d’.oﬁ)‘)@el 'fllaéﬁé"rﬁptmé%tzénﬁgp‘f&g’: F‘?“BP’B&F‘G%@ "Y‘ﬁr :

recei ving thg,0uf fithe Rlas®B) e 30 3Rt 1ERRS Mat &iltert Rr Rmavhedal d to drive
masker 30e. ‘I’qlr'll use, aaia?l 98_6(%f aanps% IS ;dﬁ ltjsgeetd tﬁ’(r) énrﬁ?lla%?lattﬁg&RF si gnal
produced bymgeimetlafamafertsiteshuea fuaoumbnkibe ti80e miass. ciftes dissue volweel22ris cal | y
oscillate so it i.s npst,clearly observable by the, ultrasound i i ng system
(not shomi‘”ﬂ@‘é&di W%?B‘rﬁ%%@?ﬂf#%?%a ali’ekcge n lé".”"éﬁ‘eﬁ\g?ﬂlﬁo‘ésé"%ﬁ'ﬁ?% ‘%n t he
art whh! apRicefricdlieh with iRlsuidabtbnioveldThisGehaki NS may be used in marker 30e
to cause piezo-electric device 86 to vibrate. For exanple, a frequency
divider circuit (not shown) may be used in place of oscillator/waveform
generator cjrecuit, 84. Wth s l.t ernat|ve, .exciter, 92 iis nodified to

i ncl ude a \/%‘cfcﬁezif)rllbee%flf‘ ghoﬂee%e(t:%ﬂj%g%‘?’ltf‘%?rggc“&lﬁ'(‘ﬁ ntigh 550 deecter fo ’_5‘5@%? radi o
frequency gpageshPlissBdvolline DRsBASHIAC2E Ah@E Medhod of ReaIBpEEIABIume 22
characteristic in a sixth enmbodi ment of marker 30, illustrated as marker
30f in FI Gusigsystsm@dadibese mahodscombnepvariegeaudunttheichnal négdssadfiyat i s,

mar keg . 30f reflects, | ' n .sufficient]y to strong
"mgest o dreRRiEabE R B ERREG iuliticbe Srivgea 2bO BBy o
convent i onanduby HfSRaricABBO0YF KIS 1 £178), btk iB&Yibebsdsw, it Wi ll be

advant ageous to incorporate the detection characteristics of marker 30f 12

WD 99158065 in nmarker 30e. ~ ~ N O V 2002 PCTNS99110683 Wil e those skill ed

inthe art @te fadnli W L ke i caonf..gur at,i ons fhat c be used
o e ey Sferd 20drbe il b kds K4 600 Id Sb R 14 Bhn G R
mar ker 30f prowgd. Utkedescribed in more detail below, markers 30 are implanted in tissue portion 24

30 under the guidance of a conventional imaging system not forming part of the present

invention, so as to bracket tissue volume 22, Such imaging systems may include ultrasound,




5 plate 102, plate 104 and plate 106, all of which are preferably arranged
in mutually orthogonal relationship. It is preferred that each of thgw %02
pl ates | 02-106 has a square configuration sad the | ength of each &&g f
the/ plates, e g., the length of edge 108 of plate 104) is preferably about
twi ce the wavel ength of incom ng ultrasound signal 74, For exanple, when

i ncom ng. ul\&égﬁ@g@d signal 74 has a wavel ength of 7.5 Mz, PEBYEI¥EEBhas a
10 length of about 2nm Plates 102-106 are nmade from a materjpal thﬁx .
strongly reflect. Rin e VRY), cém@uter-ailledriomogyaphy (CAYPscml bnyd Raer a
t hi ckness i'ﬁ%'ﬁ%ﬁ%ﬁéﬁ%lﬁ%g%m )_Pl'g‘?es 102-106 ideaIJe t]ia_llre encl os?d in
a bi ol ogi calysiermsoMarkers 30 es iorgblg With the RGN SPETEY BFRETHT %’e SHN%EHE 'om

a material that does, not have strong ult i LisSti CS,
o o CL ot Forsomate if s EEnT B syt BT, IR Rhnoh APYAERAS,

sevent h e”bgd‘fgﬁfle ‘anl ':ﬁdéa%tfifo% £ thateiaFth&® strasigly eflepsuiteRoumdeapgyl Materials thhiown)
filled with“&Eolore ye 78, e.qg., a vital dye Either or both the cgpsule
and dye 78 gk immagdbds with gheamergyegtaertied hy suohsyeemanretyeditknpwn to,hgsmikelladint he

i magi ng system e.g., ultrasound. ed. to &nplant-: escri bed
in nore det Hielartpgn ?55\/—“°‘I‘ﬁﬁé°rb§gs"h %mfjger?fa%ogg f“? %Afgﬁéﬁﬁ%@ Bl%eﬁia'rdj’sui tabl e
material that L9 S8k 86ASr 3Parb@salb dcaicand inyrks)ghicaibed rhmbmnitatem.i on

into tissue volune 22, but is relatively easily cut by .the cutting tool
used to renove the tissue volune, e.g., a conventional surgical scal pel or

cutting tool,h 200 descri bed bel ow. ) I : i uide as to
its |ocati ombBIFTPE %rgéfﬁ %'bdleg%g tom@%uﬁgﬁ%@%lggﬁelgﬁ%%% al?cal cutting
tool . {gn thigps@aRhE of BieOfBbSahdadeekc R debetibnitbrtovB4SmicHficrratbodisegtsi of the
connection wth marker 30g., Mrkers 30a, 30b and_ 30f nmy ge magde from g
solid strucprobe 32and detsiag3 hereddantificdesingPrime nefalion dacripse SeloWehe » probe 32
characteristic.. At 4r..natively, mar kers 30a, 30b and 30f may be nmade from a
capsul e .fin@"deW't a dye, such as is used for marker 30g, containing

mat erial having the 30 desired detection characteristic. As another
alternative, all enbodiments of markers 30 may include a dye contained in
an outer capbankerfavi ng the requisite toughness and severability 13 ~I

char R i st pfeted0! e&nﬁgﬁ":ﬁ) Bt BRFociAMly PRUARY B reiliieelf 654100 BAdhEIREHA LSO
e f Kk

pr obe and tector 34 depend upon the enbodi nent” o mar ker "30 used
However f or liatld asquubsblic vetht tho fermavakerroto tre@mseynf tissuekohing(dy) MukesB8may4

designed to proyide humanly recongi.zable infa ,0n when ,probe 32 is.. .
posi ti oned WY#ﬁggng%qo&g%%wﬁ&%hﬁsye.é._, Z)Pri‘f"é"‘ﬁ‘%“rmée &ﬁ\?élﬁcaﬁh BEVRiteS
I nf or mat i on ,pEgrdAke (RO Breefestimalision of DiafkerIvs ai Medsuebdnbng ahy bt eatndingran! y
per cei vabl e sound constant or intermttent illumnation of a |light novenent

of a need! e tlunugh e marlker iost ers Subfaseste apPPRAsHe syikaseds Bt napge Han abet ymsnal

di spl i ncreased | na bri or in the.cas en detector 34
s Bn T ¢ ad SN mREag g bRl e RO RS R R R VAR T
perceivble proximty information In this regard detector 34 may includes a
dial 112 light 114 speaker 116 or other_ appropriate devices for generating

the sel ect edn pdshtipipmaskrran? FPdiked deentian Fhmershistic shenppls detesianbyanretotigh
i cat oo o Ra B B, e g L N A A P AR 30
be characterized as active or passive. In the active category, the detection characteristic of a
25 first embodiment of marker 30, illustrated in FIG. 2a as marker 303, is gamma rays 40. In this
regard, marker 30a may:.include materials such as technetium 99, cobalt isotopes or jodine
isotopes. Such materials may be obtained from DuPont of Billerica, Massachusetts,
Preferably, each marker 30a generales gamma rays 40 having a field strength in the range of
1-100 microCurries.
30

Also in the active category, in a second embodiment of marker 30, illustrated in FIG. 2b as



merely providing static or threshold information that probe 32 is within a
predeterm ned range of a given marker 30 detector 34 preferably p\r) |mpls 02
proximty information having an attribute or characteristic that varies as
a flunction of changes in proximty of the probe relative to the marker For
exanple if the proximty information is sound the pitch is varied with
changes in proximty O as another exanple if the proximty piphRbiRdssPn | S
i ght the brwglﬁ?lﬁ@ég of the Iight changes with changes in prpgxfl%?ty A probe
and detector that may be satisfactorily enplo robe, 32 d det ctor
34 respecti waﬂger\“menhct Meqllat\tce%ﬁqt%nsﬁﬁiséﬁ%““t%ﬁgége arlfFé‘T faﬁ% ol d by
Care Wse Med|c ¢ I AL MRS fb rFéﬂLk‘feHrd%h%e%Mcbdi

i dentified BHbe E"cf“r ?ﬂi‘?ﬂ(c%r@k%gh tﬁgnc-r'll'l'«’AK probe Which is described in U

S Patents Ngtsa@n;&@cg@& pdithahently Gndpnttized andSwhawb bn estsotahted pirmeneRimeagnetic
i nocrporate

herei n reference rovi des i.bl e sound th itch
of which vafields InFlG. Hhmagessicifielproserirseys l??f‘h #‘ﬁ@iﬁfﬁ‘g@%tlﬁh?f‘géw Ftéfbﬁ‘flaﬁ

POTNSB9) 1068 8oRerSFPIHY TRREr e § 06 e S SR CRAR B, cctor a4

are |ntendepreff&{:cdqg,em|afkeg§qoeptl ng marker 30b) which generates a magnetic
field 42, ptobe 32' and detector 34" illustrated in FIG ? may be
satisfacforily errpl oyed. Probe 32'. includes a conventional Hall effect
sensor (not fpn AR Wi i IRV daleBSry! Ridrkel B dthd age
of which 5 35? asﬁgr Pnlg%{:ﬂgf\asco pr oxi mh%uylo tace prac? fo tr?e magneti c
field gener Wﬁbq/uaacyra‘tﬂfé} sigtdb 44 Bettcs;lmxsﬂtowlgg&smgexgnd(ﬂﬁed/au'mupcmy 32' via
line 120, and includes an_anplif.i ? .COo cted to i 120 for .

anpl i fifi ng senscesiTpRLbpe lfﬁeéfﬁft‘H%EeHaE ang%ﬁéﬂnnlggxﬁgalmqgﬁc%tgag% ‘%‘?S"UMIF‘F'PH
122 i nc| Ud"v‘% fkn } biGhy.a étlifent:asé%ﬁarﬁ&cboa lgﬁbfamega disioRRIYo rkve tibb&Rtig

adj ust nent 58SRS pro to cancel the effects of any anbi ent naghetic
fields, suckighdl %avhxblahasm‘ﬁnshﬁl’ wwtlmgllea.nmmad;mssmbmlomﬁnsxgnp\r"d\nf@edcqnd

control the_overall sitivity of det ctor 3 The a f.rom
amplifier 1B wavelragity, dR GiF AP ase 354, °§‘F§ﬁ&F &?‘Fg%‘ 'g/n‘gi'?'
conprise a gigkd W {iBn 490 AU PR I Bker@B0c sy AF tré?xfsﬂﬂrs zgqlsmm afsﬂfgle
representing signal “strength. Al so connected to line |24 is voltage
contradld ed &sqmdnbmwh dasunigkedy sispbivingerchimpiker beingramiddde siene %qwm# by
130_ The out arrpl ifier 130 drives 15 speaker 116. The frequency of

t he out put § 3‘ ?rom vol tage controlled oscillator 128 varies as function
of changes in voltage of the signal delivered on line 124, which in tuns
causes the pitch of the sound produced hy speaker 116 to vary as _a function
of changes preuitalle markesgle orilluirtediip REF- 36nTB15ﬁ’@I‘1¢Z§0°)ﬁ§“Eiﬁ%%éﬂ’!§f“1 Yreetirar y

skill in the art, Wk 200 ngcd'n"ﬁfesl P Bl ﬁr‘i'tef‘{dq%s&gfaﬂﬁ Irgﬁﬁﬁhﬂ T@J{@rﬁl éthat 20

recogni zabl e | ormation r presen I ng changi roximty,
may beoenpl sacenk fraguenayl Afsospdaiedis 4iGver Rekerregutae tlmlﬂlmonﬂ:,cteﬂaoand 8, for

mar kers 30c and 30Qd i ch generate radjo freque .energy, probe 32" and
det ect or 343ntERR3 4y %%Vg(}éeﬂtsft "rp’ﬁieé‘c‘??frﬂéftré@{l?‘ﬁﬁlh H%Fy éﬁ‘é’V“EPbﬂe agtenna.
i ncl udes a gAY e?makéan@# sigfdlhs ﬁ}e&.egmﬁoﬁﬂcﬁlpﬂ foeéﬁﬁl:‘{dd”&frgdgx cf eyc%ct'ngﬂfﬂr

Det ect or 34" ludes a 25 selectable notch filter 142 d to antenna
140 whi ch pwhmhtg;ncram agRb‘fSlgnlaeatdet@oﬁdiieqmemcy has dintugsed ilRimote exeibbegwof

signal 44 emtted b narke 30c uni nob or qther -
adj ust abl e PEEHENT 3%‘? Qﬁef EHQJS\?\% OBFt, gcrdﬁﬂ&‘ﬁ@%%[cgetg@Péwgwepfﬁ%{%ﬁy aht er
142 t gsper Myfn@r Hﬁﬂmﬁs%lpﬁgrfl&ima%@%dtﬁé%aﬁy whith xpﬁmewm%e ﬁeﬂkeactﬁﬁlrar not ch
filter 142 is provided anplifier 144, the overall sensitivity o

whi ch may b&goa rgbnﬁlhﬂcé(dy bqﬂug&cqucadj mcmﬁﬁ Mﬁkrﬂm}oaﬂtdamhﬂttnnmz vbere it 15

anplifier. The aqut li.f i.er 144 vi ded . .
rectifer/inF&sratt alsc‘\“r f’?“ 4 ilEI P ei‘d?ll1 quﬁngytqf#g’ sgnel &} tanspitted
signal . TheqemtRitkeRR0E 86 hihikivefor 4th@LHTRr30c used in a given bracketing procedure, the

frequency of the received RF signal 46 is preferably common with respect to all of the

30 markers 30c used in the bracketing procedure,

10



l~- 13 NoV ~~~~ WD 99/ 88065 PCTNS99110683 circuit 148 is provided & 02
anal og signal strength display 150 which provides a visual indi caflid O(yf Al
the proximty of probe 32" to marker 30c, In addition, the output of
rectifter/integrator circuit 148 is provided to voltage oscillator 1S2

whi ch generates an output signal, the frequency of which varies as a
function of rﬁégwg/%st age level of the signal provided 5 by pcT/US99/10683
rectifier/i grator circuit 148, The output signal of the voltage control
oscil | at Or S I g v REBD Fdrigehe RN 41 46 s 11MEtRatel. | RES
speaker é? (';fﬁb ItilIJ ?ﬂqtlﬁzeﬁlﬁtch of -t he ggour%tgeg)genelrgat ed by speaker 116
vari es as ac;_é{fw'somlmesﬁmiusfrecangt)hgemﬁrawm&mg’;n‘gﬂm‘lg REsighaldd abg pr obe

32' ", dh f t f 32' 30
O s R e PSR i Bl BRI 05
and 30f is he),“'”é‘ne%{&d THEGhAGBYSH R AU AB) 6: onRENRNISTHgegaiu of cal

t
Products, | &3 &ehi X, " Ari zona, . identified by the name Perform, and
generates Ulajud@fmne2 engpiagiyo Itmmm;gxfar f Flecputpvg pf BF ampledd4 i proCided do trawsmit

d bed detail bel th t
ot hods of | astents 64 ¥biehtsnsm i 6 JEngapasensnt ey & e et Bt PR g e
3 0 may be Sp%@a ﬁxaxjelay?'él?%‘é@groﬁﬁhx@ﬁto%ﬁk&fwa wa{@i%brme @nnldpusuReftQE RFNG t 0

FIGS. 9 and one 0 hese tools is cutter Cutter 200 incl udes
portions, ZOan@ihﬁeQMbeng)adimeo'nd by 2omiend gan@dw#mn‘rﬂ@lr@ll 208tablegetupy sigral ip| vy

el udes o BBEFBHA BUBASYSF St T o Y S ) RER SRR Y Pl at o 206 also

i ncl ud atop edge 214 that is typically blunt. 25 Portion 202 al so
includes a handl e 220 having an el ongate central- section 222 and a
transver se deatfourth gkbdinenicigatn méhwwvmprsemrw 3Bd1e”ll§é‘m=dm FKBadi on

Preferably, transverse sectlo gt Qr t he on axi
central sect‘PB‘r"Pufﬁgly éﬂ“ﬁé\?&ﬁl Eﬁé ‘:Cnonf‘fee frﬁ 6’?‘%& %dé? ﬁf Gheh "frf‘r%h
enconpassed pikérl3®c mua&eﬂaa ir mnhlmdcsbbﬁtﬁlabo&?&n b8 satsraatblm,demﬂoﬁw gurved
pl ate 206 by several, e,g., three, Eokes 226 that are attached to the

pl ate at spamlqcrﬁ@éémaéﬁxggarbaﬁwt(@% PeRlimplrge ofmraeifsedtarqerianefsiraeibs4 of
t owar d [‘86313,-}&"%‘3“ﬂyggg?&%bn@ho& uired fh &Y flectio tacrﬁagi(e?g‘aégﬁs%m:

PGTNS9 section are a
i ncl udes ap®attety@endtaids madnagpnse@sbyutht_maﬂueamqﬁoduamglmlgrm aqnd 10, apertur es
228 and 230 are positioned at the upper end of handl e 220. However, ii is

to be appreciated that apertures 228 and 230 nmay be positioned at other

| ocati ons ”hscaeﬂ ﬁaﬂnb&ﬁﬁkmnm@mve Etegdty, @Aah&rr@@ftznvtet 08118, 90 ?dés#%@dtm

apertures may 5 be used. Handl e centr Section 222 also includes a

el ongat e gr dovibr28 Hlewtienidipiantatiea. |Tdusgubratidn is adetegtivinrchbrastexisticahat iPdoséoto
204 is earl identical to regard, portio

et o et b SRS R 08 e shlode S bt SR Pl P 3
and 240, ha%eécﬁpshﬁmg&aﬁmz&aasohaa irddgingS NMr8 kRiciRbNy, SBnRS SittasaRd has a
top edge 244. Portion 204 also includes a handle 250 having a central

section 252 signdl U isrefirsted ofemarker 3Qsris pelectedilttasapd siga! 76ewith e Doppler shift

curved component being added to the reflecied signal due to the vibration of the marker to enhance

imagability of the marker. The vibration frequency of marker 30e will vary depending upon
25 the frcquéncy of ultrasound energy generated by probe 32, but is preferably lower than the
frequency of incoming ultrasound signal 74 which is typically 7.5MHz, i.e,, the vibration

frequency is preferably in the 50 Hz to 50 KHz range.

A suitable marker 30e that achieves the functionality described above is illustrated in FIG. 4.
30 This marker 30e includes an antenna 80 for receiving an RF signal that provides the energy

driving the marker. A power detection and regulation circuit 82 is connected to antenna 80
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pl at'e 236 being connected by spokes ?56_ Handl e central section 2923 NOV 2002
i ncl udes an %I QpReRLe groove 255 extending the | ength of thectasiyiakss
sect.ion. ThY pﬂ acenent of groove ?SS on central section 2S2 is selected so
that when porti on, Ae 2%nalsGeRASES AR phd) 20D R Agulbting healigalforent , as
illustrat eg‘t%fgrile’%q‘&é%ﬁanda%descrsi bed |gtn nmor egdet ai | bel ow) groove 255
confronts ogyosiiaRd2and wason gdneess ciront Ynnested to sfetiher  GIFRIGAGETEEST or m

a central bore , extending the lLength of ,central ' . , and 2S2. The
hi ckneas dhe Eslo6- 0] 258 et FEd Berngon cupus Bl 4R o et
preferably S aldiG it dlerinass ©F., POIRLE0KEBS hating ARastioad tleisween
edges 217 a‘sﬁgﬁﬁ’%fm% fhirc ﬁe_&sgsﬁi%(téqcpi cal Id;i/ in the range of 2mm Z%gm 20
Portios 204ogliribet to drivemicporterioin d20ge §comhemedte cirpi $d dieqoralpeariq deirs 8558
and 260 in place of apertures 228 and. 23 0. .Projections 25.8 : e

si zed and pE$i%eREHEE" 8_'658'32’%@‘%“?%3%%% 8° fhﬁ[%ﬁé’fl{tguarneoss_c@g%n%%%q&%i;&pa{
respectivel v, WAGH ROKINQNSscARGo AN Pi2041RIR dedist 86 B@Ecled vRRRBHST ¥8t0
engagenent, &S illustrated in FIG 10_ Transverse section 252 is preferably
25 posi t i onewterlelusing 98 of maden3fealHawing P8 is dzsignesaoreranataptethe peehanisgs 202 and
204 are positioned_ i n operat.ive.engageneni, transverse section 252 extends
in an oppos?ﬁcéPa&PPé’EF‘i‘ccS‘ PQW‘%%’?}%C“?CO&SFCzE%Verse section 224 \Wen portions
202 an@ 204 arc assenbled to performa cutting operation, they confront and

30 engage one another, as illustrated in PIG_10. In this regard; the radii
of curvat ur BefsfrinateFéad Hlaafdconplgd agoysuzacisnr 2 py mrrvidehioy eenamiing g BY | y
identical sa _that wh I ‘ . : 106831 3 N
end 238 andSIEPﬁq 68 eggﬁt% lgtg %“{ebnoﬁ%%?%g%l%cftﬁr\s/éfﬂrlgaé%§iqgg)c}fﬁggm%g?; pl ates 206
and 23b f or perratdr BUoAgersiaing bn/RE sighal. RF Snpedgaged gakl Afusonahbp cormectrd al
sections Z22 and 250 contact one .another) with a central rotational axis
262 ext endi hgrsbptinererided rieetvingand amphifyinaibs putpymignel faom genemtendd A so i n

this gage .af | b . b i i 258
and 2600 eLpRCARBa TR ARRAC LA Rea Ay B g o AR B O RE
262 to one sgigndlnatisteeitive mudet BOndn 224 gain@3 2b&np 36 tsradjustetl td adplify ol Rife of

portions 202 and 204 to the other. In cértaipn applications it my, be
desirabl e t ¥ERBAFIIRctheY %faﬁ@fqrggﬁv%p%ﬁ?ﬂw? Braused i Refenically draiiaiess 20
and 250 frofg bt LRy OkerWPE By SR Lmes%bﬁmqmg;ng sysse,ﬂ,?oﬁ SR ubdath cEHETH O S
or ot her engagenent ‘mechani sns be provi qed Tor” rel easably securing portion
202 i n oper afthvearksrgdgenent with portion 204) as illustrated in FIG 10, so
t hat tath portions rotate together when a rotational force is applied to
one of*the portions, as described in nore detail below in connection with
the di scussji@mAt skin€d PRSE 21 LaNafptechttd b@Er ARG cRUCRABRNGES B¢ Sse@fy Ot her 15
engagenment mechani sns may be provided at ends 208, 210, 240 and 242, where
spokes 226 [rerker AbeitospuiediezoBcirisideyiceo RO wivityalse Fongampps i &egudnoy dividons .

Cutter 200 is preferably made from,st ai.nl t eel.. However,. other ..,.

mt et ars i RSB ARGEPLYPRT AT wich BB B S o poRa G it i
construct i Ofuchfaleiblie, exX®Qr 921 rddefsed@o MLROE vIKHLY AuBRY dsQlRbFRot hbuwhP:
anot her aspect of the present invention is tissue anchofr 300. The latter is

desi griddd t oinsplagsi dfiradio frequeney gametor@4duri ng surgi cal renoval of the mass
usi ng system 20, as described in nore detail below, zs Tissue anchor 300
includes a ring 30Z sized to receive the thunb or finger of a user, and a

rod 304. Thg thebhfiveicBehstsiofie detpdtionichhct@ntle 30SixWRinGhdientdfirahadot o ring
302, and a distal end 30G__Rod 304 includes an outwar dIX projecting pin 30S
S1

t hat ser vesilbstraied poparkers3 0 énsElG. 6 ds opacity to incoming ultrasound signal 74. That s,

marker 30f reflects incoming sound energy sufficiently to create a sirong image in reflected
30 signal 76 so as to enhance imagability using a conventional ultrasound imaging system. In

many cases, it will be advantageous to incorporate the detection characteristics of marker 30f
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bel ow. Tissue anchor 300 also includes a plurality of, e g,, four, yhcic%
menbers 310 that are 30 attached to rod 304 at or adjacent its dﬂsﬂ 02
306. Typically) anchor nenbers 310 are attached to rod 304 so as to extend
away fromits distal end 306, as illustrated in FIGS 12 18 PCTNS99/ 10683
WD 99/ 58065 3 NOV ~OD2 and 13. However,, as an alternative design, anchor
menber 310 %?ﬁfso tached to rod 304 so as to extend away PCONEWIS68E end
306 toward &? I'mal” end 305 (not shown). Each anchor nenber 310 nay

term nate th&k@r?ﬂb 312 (F1G_ 13), if desired. Anchor nenbers 310

pr ef er abl y"h‘gve a curved configuration when in an unbi ased state, as
illustrated in FIGS. t 1 5 and 13. Anchor nenbers 310 are preferably nade
fromspring steel, although oth . AksPbdEsed

sati sfact oM &Fthgséd*.ﬁ‘”}eﬁ "ég}etaéﬁ ggaﬁnﬁ_ | @W%ﬁ%‘%ﬁ;hg%&atm&ssary to

provide a ?#rﬂﬁkéﬂ@r&ﬁ(%ﬁitﬂmefkeﬁm,is illustrated;in 1@ HBiris markee30fingludss
substantially straight. 10 Rod 304 prg&e ablé, ag{ hough not neagfassari ly,
has a i r cplaar 162, phte Kdcandaate 1ok 2B of ¥Rt f HerBly sgRnpsddn Sy &pends upon
its intended, appljcat.ion,. hyt. i ' | nanaees fis Psqdhienmm

pr ef er abl y°§56£ﬂ"ah‘1°§rws 'eHI]Seé\rg{chx%#h%?%dd{gg@?Haagcsr}gasur ed beqt%ween pr oxi mal
end 305 and,ghistalonsnd tROE@ngthlos eactiepgsaisheiplates, ictgs, thielshgtbof edgs! i08afi on, but

typically ranges from 5-20cm 15 Tissue anchor, 300 al so i'ngl ude annul a
320 havi hg piate B, isyrelsorbly St (s WaNSIFMEDRp iB0ming ASOHR SieDal 1 4| end

326. Central bare 322 has. i s e s o l etk d g } QdEE£T68 NR af 0d
304 with asHBEE ShrUPRGTE AT E e VelBnl R o) S YL BRSO B o ¢
sel eCiqad b3sth ONatolip2rmit @atexl] (2plil6isrataderfrimie maserial thatedonglyireflackse range

0.5m | 2nm preferably about 1:3nmm .20 | ula 32Q al so i ncl ud
el ongat e slultrasgps! ensEdy, F-Bn <2 HRINAMY é’i‘dZ'tVB'%i?‘ﬂyghal"Bﬁg“gﬂc 'Bfthetrﬁ’égccoiﬁtqarbg"ghd is

sized to regel v - ' i8logfbIREndnireactiVB GadiMaioD TOk 18iepls 328
is substan?;fag%ﬁ §02tpinde?51§g§ngvgéig}tﬁoes€+gﬁ§?lh (h)f ggr(l:d;lor nenber@ngl_o. Sl ot 338

i ncl udes ' prefoakBtmBREFrat aimaerahthat dass agthayesirfing ultraseynd reetion cannul a 320
t hat extends orthogonally tR tge |l ong axis of the slot and is sized to
recei ve pi #hZOHENISESCERNGISE 230 ™ 4 'so i ncl udes a plurality of apertures 330
extenij*' ng through the wall of the cannula. Apertures 330 are positioned

adj acent distal end 326 of cannula 320 when anchor menbers 310 are attached
to rod 304 Aleo inhe passivisagteterymmaikst He offer ssorothembadimenty iHpdemtadin FlG3e, 12

and 13. | F anchor nenber U L Sit 3 r ek hprl 30
end 305 (ri°8F‘p§ﬁ%3a?s‘ﬁﬁgrf0?}}éope ?E‘?gé"& t@%gb %?egi %\'/’g’g&%'bﬁgﬁggﬁe%gﬁ%% ka end
so that theye @épsuisRac ek 7§ ofmirker J0paxd made fadm b eastiabthenis ihdgablediygbdr of t he
anchor nenbers. One aperture 330 19 1 ~ ~ v 2002 91,58065 )
PCTNS991106@38ing SYSfHPcab+ yltfﬁf%\?gdléad ?"df“l’g‘&&ﬁ‘ IREHTEY a?x%“}\?ﬂgiﬂdé‘lﬁ‘.°"’r‘flréa4 engt hs
of anghor r U4 ford g0 atirbtcheidr QiraBREnALS] HRYRIBRELS €] BiCt ed SO
t hat g@srralrglg’mggr??%cr#&el?ﬁ aboutélﬁnl*r,l of eéch]aanchor msn‘oer.S 318 proj ects
fromits reaffittdntlyaoughan twithstaBS Onsevhiem irté Ssuevamot 32, OB rjlstivaly edsdy catthyact ed

position illustrated in FIG 12  In thi osition, pi.n 308 engages, the end

f 5 5 ot IpEHIEREE) VY B Btk YN AfotaPh RBE SUSE RRES zed | n

this manner,, L eR9AW08 described below. Marker 30g provides a visual guide as to its location by
releasing colored dye 78 when severed by a surgical cutting tool. In this regard, probe 32 and

25 detector 34 are not used in connection with marker 30g.

Markers 30z, 30b and 30f may be made from a solid structure containing material having the
desired detection characteristic. Alternatively, markers 30a, 30b and 30f may be made from a
capsule filled with a dye, such as is used for marker 30g, containing matcrial having the

30 desired detection characteristic. As another alternative, all embodiments of markers 30 may

include a dye contained in an outer capsule having the requisite toughness and severability
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t he anchor nenbers remain positioned in their respective apertures 330 when
ti~ssue anchor 300 is in the retracted position illustrated in Fl @:}MW 7082
| engt hs of anchor nmembers 310, cannula 320, and slot 328 are al so toget her
selected 50 10 that nost, if not substantially the entire, length of the
anchor menbers 310 projects fromtheir respective apertures 330 when tissue
anchor is in the extended position illustrated in FIGS. 11 _and 12 nthis
position, pyooRessengages the end of slot 328 closest to d?gpglsggw 326)
The el enments of tissue anchor 300 are preferably made from stainl ess steel,
a plastic gucReeRtidondead absver ene or jpol yurethane, or other materials
suitable for the intended application of the tissue anchor (as described in
nore detail below) known to those skilled in the art. As noted above, in
many cases_it isddlisti rgbl e to make anchor nenbers 310 front spring steel or
a "nenory'Pr%“é‘l 'ffgy'.‘ 20 Braccketing Referring nowto FIGS. 1, 14 and
15, mar ker$y, 38k simRyanaguntsief] of robe a2 ket detécte 34 depdndupod the ebudident ef of )

tissue volume 22 in a tissue portion 24 in _accordance with t fol | ow ng
met hod. | nmbtker 3Qnsegdwitinyveyers &rial) epbadigyentsio eﬁgg("d‘Fe%F’é‘g?égﬁ% tissue
volunme 22, .the latter .is [ ' hiz290i 8 528 bn wWHEYBRBE 324 1S tO
be appreci%‘t“é‘g"tt alf%f:sll%nscgggg{;)o?hdr%gﬂ#l rgé&léb%a%SIrgrthgen? I n ot her osrgans and
st ruct ur espositidhell within ¥ dlecrarproxijpitypng I Suneofargienmtrarkeror Ganindermation oayr e

As the first step in pracketing tissue val 22, a tissue ss_2G of
i nterest itkedeneds yawt Higugh h‘\‘?’\‘f&ﬂe“?%ﬁ °§F‘?T?P§§P?f§°‘}ﬁ%'?ﬁ9&g‘? cgnytor
ul t rasound, MRk G | iiRftio/ST 2 HERN moVeribnt PR nEEAIEEI Sdid0a Mok buiRloRRired 1n

ti ssue pOI’{I on 74" surroundi ng tissue mass 2G and defining outer boundaries
of tijgsue stahgeref @a infdrdsualidisplay ghcreased image dOgpesd or contrasti(in the casewdnn of

t he 20 1 3 NOV 2002 WD .99/ 58065 FCTN399| 1068 rkers.relative to
tissue mas@e‘%?’%‘Flmﬁgﬁmﬂ‘gd@ﬁ@f’ﬁ@yﬁﬁ%r‘?s ﬁ&usf%@%f?‘?‘g??r Sﬁ’ef W@’ﬂ? sue nBSS

relative tQo. 0kbSle b¥RESIHPINTEEME, InChid regakiQtbcRf ITHEG hlndeWdERQN2,
preference; size and configuration of the tissue mass and the desired

amount of ligledué, speaker i1 ®8r other prapripteieyisatiior peneesting thefselerted famafss 2&.
However , ip n’ggy grpg.li(iations,t. it is desirable to use at least six 5

mar ker s 30M¥RAYY REREVARF LT8R ume 22, preferably two on each of axes X, Y
and 4s(see FIGS. |, 14 and 15). Preferably the two markers 30 are

positioned on each of axes X, Y and Z so _as to |ie on opposite boundaries
of tissue Prsfarady2ithopglynatpgsesiasly, detesipy Iprevideschumanty recoenizabls infarmadipn | j es

on the Z axis. . j 30] lies
on the 7 agpidie=teR iR SRR Be oot o 1 SEUR MR, T RSSO | (0%,
t he X axi smetelyproividiie stacatrittoestotd infremetidrethatusfess2ds withinheprédessminedol une,

marker 30] lies_on the X axis, at a_secgnd.l ocation on_.the, outer suyface of
the ti ssuep8t ehbeuFymatief é@udﬁ?°‘8b?fgg'iefﬁgﬁ%m%ﬁdewwwrlk@mﬁtﬂn Havieg 25n t he

Y axikg at ' K R ahes aut [ o i me and
b 306&}4%&4 & dnaGRfelin: @ AUl fhctioHlof BB g &fin m&;rk%f?ﬂge gn%'bu

mar ker les on the Y axis at a fourth I'ocatl on On uter surface
of the tiseintivetd teenatkexnEer ¢xaaipley ifohpprokimétyrinfokeaticBls sounhi thepitdh is saried

preferred that axes. X ¥ and be _mJt ual | v, ort.hogonal., . illustrated, this
ot il S eER i R & PR SOt MEa R Py R RERen 7 bt ce.
However, i gridhinddsBeihalipht dhardes ball datghain frossk@. Vol ume 22 be conpletely
surrounded by markers 30, i.e.) that the tissue 20 volune be defined in

t hree di nensions by the markers. One notabl e exception to this preference
ip?)s;[ Esz)n;h g{”t%cka%ﬁ d%(‘&to? g miy bmﬁ%ﬁgto%%zeﬁpqg)y\e@ als groﬂ: Sasand de%e'lgor 13§2
respectively, when the latter is intended to detect maker 30a, is sold by Care Wise Medical
Products Corporation of Morgan Hill, California, and is identificd by the trademark C-TRAK.
The C-TRAK probe, which is described in U.S. Patents Nos. 5,170,055 and 5,246,005 to
Carroll et al., which are incorporated herein by reference, provides a humanly audible sound,

30 the pitch of which varies with changes in proximity of the probe to tissue labeled with gamma

ray producing material.
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t he'base of, i.e., underneath, tissue volune 22 is not typically requi r\f
when a different type of tissue, such as pectoral nuscle 400 (FI G‘\3 L1002
| ocated at or near where the marker woul d be positioned. The illustration

of marker 302 in FIG 15 is not inconsistent with this 25 reconmended

pl acenent regine for markers 30 because of the relatively great spacing

bet ween t he wakgioss30i and pectoral nuscle 400. Simlarly, wagRisobfosa®r ker
30) such as nmarket 30, shown in FIG 1, to be positioned on top of tissue

vol ume 22 i g.Redfe ttofm%kurnboa\ﬁewl wlagg(rbb@n hiiSdLecR B AR inBHER RGeS 1S not
typically reqwred Al so, whil he! Y and Z axes arelllustrated in FIG

.1 as i nter sdetecting rasrker Wbowbich [gomqmtcs:aamagtmlhb fielddidapretie 32’ ahd deté@ot348sue nmass

2 Y ives UBRRE I HEE T bt Sy oY o Boe SRR el il
cases it ”a¥ffgﬁsgri]sor(not s&ﬁ?ﬁa?ﬁ%w SonHNe nﬂ%”ﬁ%%!éqgg%lﬁ%ﬁ'o?%lcﬁ to

define tissue vol une rkerrs 30'in only two dinensions or in only
one di ensi warieslas as’mcoa§emxmmy ofi the piobe wethe magretic fisldgseemed dytahan t wo

mar kers 30 on 5 Rf rr| first case,
ten marker s“@f}‘eﬁr’gb Etﬁcsz%(w’s P %235 i"beﬁléna”ad)éf’g“&“f‘m on an
axis X thaBmFﬁﬂ&flfzSanﬁdc&ﬂgo lihe12b: ﬁi(hxﬁpmtyin@ tﬁ@ﬁ@tﬁhﬁroﬁﬂh@l‘{hﬁcﬁcct s&r}’}&ﬁ rgn an
axis Y,, and two on an axis.Yz that is set along the Z axis W th respect

to axis Y, .PpReeaYk iAmpplifier fRg&incjudes NhOféSCSGh'@MderGéiépnd zegnmnd;kﬂmnermar e

used, two o on the V
axi s whi ch Bf %gc usﬁﬁé’ﬁgl(z ng, %n%%éjgg Ca“rfa tlh%ff%cﬁs ?ft%@y aTS’W‘&%’?“W%‘F@H s8rko

bi sect1® t heagthatuf the enxths GaiidjMtmantdé fasrevitied t@%@ﬁt’r&rﬂ\e $eh®rseRdihigy ¢ and
relative placenents of markers are al so encongasse y the present

i nvention. ﬂ?é?%‘é‘r:‘é‘ -3hhegaplgicdnignaldrgm apaliBer 12 éﬁrﬁethivys@len Hae 8246 signabs t o

define tiss ¢l 2 I

ensur e noneHEFY?%er{?’l'%%agy%%]M&?%e&sm%’E{tﬂ ‘ﬂwg!ngm aqe &Eﬁ%‘{}’gﬂf'g’ﬁg‘ %ﬁﬁ
preci se spax;pmgennnglsxgmakgzrcmgthh Alldveconsdctadeo tifie lmsbbﬁégléQoxﬁfPo‘lEd S&oillkiber A, Ze
of the tiss sur geon erenﬁg and ot her factors. However, tissue

margi n 28, 5 %Hg?ﬁ”élb‘c UtRAR G‘f o amphfjetals Ualhe cwriteafamplifiprel3@atitex ul ar t op

f | C d
s b efer abie e oL Ry IS A B U0 Bulate BRI ot 128 e

portion 24 asfupctiparoif elttgngef inHolthgerafithe signab delverd oa lmanzngt»gma.fm GirfrfcgiRB the

t ool s. are | nted usi a conventional imaging
system (not%PC o? © 5 4(81'5?%"“ b&ﬁ@%gpb%d%ﬁﬁéf Eg‘m&Hm? plergangss in the yolageefs 26
and the martkemgnalliyi 1fnee|qzuen&lnm € 6NBRAMhAGKINR thePafly

ti ssue mass 26 during j npl ant ation of ' l?'gse marﬂlll<ers %]%Bgicfaggé@gﬁwf“ﬁ Y124,

based on i rEGYdNEAWARAL TBFPERIZRRE Wﬂﬂ%m%wﬁmﬂlcmm@remsﬂgm gt héighmr kers

may bgp POSihdyElethn S8y edSint sue volune 22 in the manner descri bed
above. As noted al’opgvye n [szer sb%gmyr]? made fromp material that provides

godd i mage contrast with respect to the imaging energy used. It is

pref erabl e tigll]y inmmobilize tissue portion 24 during

i npl ant at i J{F '"%5’ %ga@: %% VRATERES 3qafind 304, wléglsge@natq raéb fltel:laufncyn ght be
expected beg B¥e $LHRAGLRGOL R OR0f :

ti ssue mass g'g?e%rhee desired relat |a5€$ra.flgéégfr?\l§{r?\ el&&ﬁ“f‘%’ té%ﬁ"?'ibers Probe 33

includes a conventional coil antenna 140 for receiving an RF signal. Detector 34" includes a
25 selectable notch filter 142 connected to antenna 140 which permits tuning of the detector to
the unique RF frequency of signal 44 emitted by markers 30c or 30d. A tuning knob or other
user adjustable mechanism (neither shown) is attached to selectable notch filter 142 to permit
a user to perform such tuning. The output of selectable notch filter 142 is provided to RF
amplifier 144, the overall sensitivity of which may be controlled by gain adjustment 146
30 attached 1o the amplifier. The output of RF amplifier 144 is provided to rectifier/integrator

circuit 148 which rectifies and time filters the signal. The output of rectifier/integrator
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22 - .- ,13 NOv 2'f)82 WD 991 58065 PCTNS99110683 ° be achi eved, even if
tissue portion 24 is noving during marker inplantation. Marker |npla t ﬁnonré
Various techniques may be used to inplant markers 30 in tissue pof@i

Wth reference 5 to FIGS. 14 and 15, one approach is to insert mar kers 30
pereutaneously through skin 402 overlying tissue portion 24 using known

needl e pushers or | anters (neither shown) of the type us nt
"seeds" of r¥ 8|8@%¥§€e mat erial for various cancer treatnen?gThgg e&gnple

needl e pushers. I

Virginia, ‘522 P% IM Sfaﬁlfﬂgg Q%p#%ﬁ& céﬂp%ﬁe%%q%g‘év c(‘%%&@%g%ﬁ%uggl ude a
central neqﬂaleatmrdf(a ﬁnbw cﬁ’lpro]tﬁ 3autoenarkertf®ch fvadiiricannthe ndrppt 6f e or cup
for supporting the radioactive. "seed,” Follow ng insertion of the needle
pusher i nt geet r/wﬁ&retpéefrwtslééés wagée ‘@“P&"o?sﬁg‘éi"i’\}éz wacB gengrates @) eBWd by
pressing th r t i r
tube, with ?%‘8%%? ﬁ%qu@?&%e ne gﬁj%@}[}l ?‘?1"3‘ dtf\rgge ‘t&taggﬁvﬁ%gm%t agﬁrggg}egte
or cupsof tHyaeetifieetinttgibmer c11:5nt‘ll@8p§heumt§mm)gml of thﬂsdtatgc aattiod bsclatoml 52 is
accordance with this flrst ?g&roacp the rker E@POSIUO” d on the end of
the need| e aFuRdified byapdigaaplingh | ¥nhich in T\FE SPRAKEilp, Accordipel thetnitch @gh
skin 402 a he
egi on where® (4R B BETBAGEake TS vk ag&%?ﬁi%‘%@%ﬁ’gﬁh%‘”’nﬂ L
ej ect ed fr aeeeived bygedbes3 28 middiendsyas arfgnatign phithe penximuy ofirebd 32"fto muakedd 304 nt o
the inner tube, 20. A second approach for inplanting markers 30 invol ves
creating a it | e. g., SS10Om incision (not shown) in tile skin 402 (see
FIGS. 14 and 14) over| ying tissue portion 24, Next, a scalpel is inserted
through the incision so as to forma slit in the underlyi ng tissue portion
ext endi ng thositablequsbe 120andwleterwr B4 farsiselwgh thedndrkers AP @mitI0fishd eltraddund Then a

mar ker 30|s 25|n erted rou the sli.t to suc ition ysing a

t weezers, %’ﬂ&vaﬂaw(fg’él?gtgfm% %E dé{f)th Eo@?““’@&ﬁé‘?mﬁafskers 30
are inpl antiwlmﬁba ey ok meRFeabamd, A6l gér@fhseslumraskm Aok yinavink Hlnleaﬁerizg'af‘ef SO
as to bracket tissue volune 22. Referring nowto FIGS, 1 and athird

appr oach f de> Mﬁglantlng markers 30 is to forma 30 relative large, e.g_,
1-3emg incision 404 (see FIG 14) in skin 402 overlying tissue mass 2G
Next, I nci si on 404 is puIIed open as illustrated in FIG 1 G using
retract or s Qutteot her WO 99158065 .1 3 NOV 2002 PCTNS99l 10683

conventional devices so a orm a reI atively | arge open region 406 above
ti ssue masés 2’@“%9&3&%?‘2“‘?%‘%&5 PhEFonpsstiam el thefescrintion aEmetho $0’lhlsm usi ng

ei t her thesﬁt&ﬁboq;ssm‘i;ee@d?ﬁ&% 2P RIPRLIRREE Ik WS- 2RONEy bowThilST, BRRLGACNES

for inplanting markers 30 so as to brac {1ssue mas

enconpass e#sibg onhef prasisumf thels.rférong tOIFESs Herd ] Gode attheseasals Wi dufengtioc h
mar kezros 30 may be inplanted, and mnimzing trauma associ ated w sh

i npl antation, are inportant objectives to consider in selecting other

appr oaches Clfiér 2001hélides pOrtiBas BET &nd34. Portion 202 has a curved plate 206 that preferably
traverses an arc of 180°, as measured between ends 208 and 210. Plate 206 includes a

bottom edge 212 that is preferably sharpened. Plate 206 also includes a top edge 214 that is
typically blunt.

25
Portion 202 also includes a handle 220 having an elongate central section 222 2nd a
transverse section 224 attached to an upper end of the central section. Preferably, transverse
section 224 extends normally to the long axis of central section 222, although other non-
orthogonal relationships are encompassed by the present invention. Handlc 220 is attached to
30 curved plate 206 by several, e.g., three, spokes 226 that are attached to the plate at spaced

locations and extend radially inwardly from the plate toward the bottom end of centra
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.10 Marker ldentification Once tissue mass 26 has been bracketed in the
manner descri bed above, tissue volunme 22 can he renoved using either of Zheﬁ)
procedures enconpassed by the present invention. As described in'\r@)rﬁg\‘
detail below, the first procedure involves identifying the boundaries of

ti ssue volunme 22 using an enbodi nent of probe 3? and detector 34 that is
appropriate for the 15 type of marker 30 used, as discussed above. Using

i nf or mat i onwbreesswet ect or 34 regardi ng such boundaries, ti EEAFVYURE 22 is

then renoved using a scal pel) cutter 200 O O her EOOl, W th t%}ss{rfg‘; anchor
300 pr ef er sbtign 22 wherothenarectisaatiarhed: Fapdly 224 algo fr5ludestnertpees 2¢4 n ue

vol une during, renoval T e N Wyl j Lot
except thafs t‘”%%’i??ddﬁghég 9 E}r}@dﬁl gp%ﬁg'ie?ggée: : ord&i%%%h@nh‘gﬁtfﬂh?g‘%&gﬁgd é@cond
procedur esy f Qi 3RMYIwAG L [15516ebe\ephiebiated at agerfubes 208 nad 230 mpy béiposiinngdan

typically identifies the boundaries of the tissue volu usi ng sr?/stem 20.
' Thi s st epother lgeatienain senrelsadipnbendaesan JlermaHycenedad Mk Bee My apGriresdidlen be

i mpl db d . . ' ' :
or ocodur e, bowESp baRtHa rat sEuon 8 2 pPuBE bR EmeRE 27 SRR B,

probe 32 i&%éﬂ%f@‘%ﬁ@i\[séﬁ%pn of the tissue volunme and then nonitoring the
detection information (e.g., sound, light, dial novenent; inmage clarity and
the like) provided by detector 34. As noted above, detector 34 nay provide
this inforgatio en s 32pd | hd I Pty
of a gi veng‘%ﬁ‘l‘aﬂzp X"“Meag# Pﬁt;&g}oﬁr%%v?% @B@?ﬁ?@?#&?ﬁlﬁilﬁa{ggg@r r%Potgﬁat
changes Wi glaeci38hgRsabdriesphard ofi 189° bétwereerds Obandp40hkasrahoktem ddge 342 that

| ight gets brighter as the probe is toward a marker and i r as it
i s ndfed aisayyferably shaqudgmds‘@eesomﬁ?éggcﬁfrrws@g%ﬂimc uéﬂ%%ﬂ%%oz The
interactiop be r BAioARYs ; t he
det ot i on PRALEFae LRl a5t iUl Be s iiofiads I EhRY SRR ciRes

em ts ganmplateps béihghcbfheza) bynpekes @66.i Haalscentrsl ssction 252 adpdudendn dlehgate or  of
the type described in U S PFt etﬁtg Nos 5,170, 05% aqd 5, 246, 005 tq Carrol | et
al . (the" CETPRIZ Y BB HNEINGICBEYSL B CHBTAI S5HRY- e PASHISF HFBY35%8ed to
det ect the JREKELFon T4 CelectdRNS (REGRRNDBRIHIES akd SR Abdsibrdetesierttive- 9., 2
scintillation crystal, which provides an output signal that is believed to
vary lds a éngage¢maen, asfillestratefl iniRIGIdA2nd desofibadin myagrdaiail balewtereonet256d by

mar ker 30a anges i .S output..signal are.then converted in hunman
recogni z ab‘l"‘é"?%éfsng?‘?v& ° It‘J it %efl#ﬁf %%%%’9’*8 ‘ %"(ﬁf}ﬁ%‘ftheﬁ ﬁ?ﬁ Y8 Wéfraa%flg% té“f? c,
i.e.) pitchaedideihetergth dfitenteasetiohs 20OuRd 25D atThe dlckRss W plBte Q38 3G HeakiregaMmma
ray flux density. By observing the |ocation of probe 32 when the detection

i nf or mat i obetweemsdges 242 ad 244, is prrfeahie thersamp poihe thisknessod late 236, gs gicsred

mar ker 30 [ Lald; aﬁﬂhez . [ SHs

| ocat edReS%e%tl ig ?%%H&gfg{bhsﬁ]g@éf{ggegst lvmkr{é%tl.gt ésﬂ? f& {“E réﬁgéﬁflﬁ?!ﬂcﬁ@gh of the

| ocagpon of all markers 30a characteristic of the marker In the case of

mar ker 30a, which LtS. ganmy, r .40 (FI 2a) on.a continuous basis a
probe and M‘SB&B‘I‘ sg}ﬂstf “99&5‘8"3@& ‘?féHmSHdﬁ ojepions 43 &and A0 18 plageyohs5 angd
5, 246, 005 § ROk hn®¥3 02 Prbiedddns 5 B J60MEORE d)and BSsiflhrE Y ve, rosy
be sati factpgpi 3s/ uselél to usrejg detsect t he anﬂizgcr sanTﬁgs%- T%Aiﬁg%g%gpi ncl udes
a radi at i orcedetdintapertures 228and @3 Ditredpeetivietyn whety pdrdbns@02ahd PO e dositiameddnt put
signal that is, believed to yary %3 %gﬁct'on of the flux density of the
gamma rays‘_’%ﬂa‘é’ﬁief‘ﬁ%gdmﬁ%iﬁsa‘]%w 8 Fl@Lon _é%“sl"‘frfs"c?‘FF%"'b%_fterEuP’cg‘ifﬂﬂél are then
convast ed jdifiorbl R 16 BEHATNCEA! B50UBURR WheR pd bR TR'ah 804 GrehositiBRUiA

havi ng a characteristic i.e pitch or tenpo in the case of sou 3 t hat

vari es W tdépecdtvegegagemegiatmme veras/seiclion Perxsintly inBy oppesite diragiontrbiativexeat i on of
probe 32 when the dete,;'on information fromdetector 34 indicates the
probe is qumgr{seie@ng]g ven marker 30a, the surgeon can nentally note where
the marker is | ocated. Repetition of this process will result in
identification of the l|ocation of all markers 30a. i i Referring to FIGS.
2b and 7, Wieo periicas20Z2dnd@@ft kirasseiiicd wipedbrnyge neticg eEraionpdemetandroht &ldd 47,
probg 32" and detector 34. are usedt etect the marker, To |ocate a

ar kaP  s0LEPeeREoRs rgRh S0 S5 BdCa Do T trameHEr M 1Sy B P S eBue

vol ume 22, piel Bod iR 15854 prefelitly A8RGINTAAEARD IARGNASR Ab¥SRaLEr ker 30D
its Hall el% ect sensor (not shown) genefates an out put signals having a

vol tage that increases as the probe is noved toward the marker. Simlarly
the 20 voltage of the output signal decrl@ases as probe 32' is noved away
fromthe marker 30b. The



25 gutput signal of probe 32' is provide via line 120 to gllfler
whi ch anpl ivié gsssokde out put signal fromthe probe. As di scudsEt-?aBlY, 3tNﬂaV 2002
anplified.voltage signal fromprobe 32' is displayed on_signal neter 126
and-is al ggq9es hry&éreldzotsctonﬂhttagﬁ@ommlgttta&d tmf&:llloapletes 20gand 36 form 2 er

generates an oscillating signal he fre

function cmirculhresm@mfaglé’ his epERE e FRYTHIOPTHERy E’P‘bﬂigefc“B?s\gz}:z ?15?‘%“?}‘01 g‘g‘;ee
controll ed oscil I g wrslideNRfvaaRRle skéteils Bvnatielr fier 130,
and the aﬁﬂPﬁ*?@ﬂ ﬁﬁ %%bﬁgﬁhﬁﬁﬁéeggébeagg 116 such that the pitch of the
sound provpgdadiaul t‘;&e ahwdk eiis dribagadaeiztienship, zpeftunsﬂilbando'ﬁopc@mem ty of
probe 32' to marker 30b. By observi ng s%’%na net élé dllg bI |tste(r?|6ng to
speak®r 1];6916¢th§§$9%%5%&?§13%€§‘§@§ Pﬁéabqtﬁtﬂje‘a reg agp Ol

closest to a se s 22484 BRfdnifte PR iont B mreeegsnmddmresult
1 aent (P Poaet SRisgfrsq Ratifis 2nd 39 KRA Ao ont B S W 991 58065
1 3 N OV ROZtheELTNS99110683 Turning now to FIGS. 2c, 3a, 3b and 8, mar ker
30c, which generates an RI= signal 44, is identifi ed usi ng probe 32" and
detector 34" in the following manner. RF exciter 60 is operated so as to
produce an 1tE .exc URay béh r%aeeo Radity bl késtrictiohadiR téxﬁawﬁma
generatorq@fef(?ﬁéﬁblgﬁlogéenergt eseszli radi o f@eguency GS|Qg al \i/m ch

anpl 161 ed Hydfes 230 amdo230f frean c6izer 200| Wivek srymsdifisd tl‘ilﬁpteﬁeftféjthﬂét:mﬂo@s?ifng gai n
adj ustment 66, with the lified si i ded 8 for

t r ansni smﬂhe’t‘&gﬁéﬂfét@cg Ismﬁlt—;e85(0"?%%8?mégctsggﬁg%wtlp%ﬂ%[ag%a@ P en S close
to markers, d@ggentétﬁmﬁF poRiohi 208/ asSil@t@led ABFIGS 10 %Qhé(%@th? WrtiRt eiltadgethed t he
mar kers an of sufftcient strength to drive radio frequency generator 56
of the marwhersa rotsiohalviioreg ivkrplied foome afithe pegionaes desciiyeddn mogs detg@beley @ 3a)

ofthe signal 46, 10 recei,ved b t enna.52 uenc ener tor 56
gener at eg cpqngetioppvith @ﬁgisc\lﬁﬁ'ioﬁl ?[}ie Sgerpid g ??rggobéu%nct% ey gLy

si gan 44. o5 edfsrit bl e¥hanidhi maobe f16GEESAds)208 CAON24TRnd @2 30Kerd fp@nezsmztss 12F
signal 44 at” a frequency that is unique to the marker, while an 1ZF exeiter

si gnal 46 JeivindcspakesiZ3§lieni el pibpcappropripe dicatiers| v used for all of the

mar kers 30c) with the frequency of signal 46 being different than the
frequency of signal 44. 15 Once exeiter 60 has been activated so 'as to
cause mar kegrtet 200 i preGead®r mhde fRim siafitat stdel, Hdetest!duer neiteriahdnetadikgr
commences. This is achieved by positioning probe 32" (FIG 8) on or

adj acent sﬂl—lﬁlf&@?a‘?ﬁtﬁeﬁé@rﬂlasf‘F%@%b"’v‘éﬂegf'ﬁet he sonskpediop RERUHAYor i ng proximity
mforaatl on provided by anal og signal strength display 150 and/or speaker
11 G of detector 34", Mre ZO specifically, follow ng receipt of RF signal
44 by rece'lrlsﬁ:mhdma 140 of probe 32", the signal is filtered by

sel ectable_crotch fil t&rsv\ﬁlﬁs of obe 32 correlatin n_ mar ker

e
30c, e.g.) TwRHENIOWEd] F%@B‘Eﬁﬁéﬂﬁg’fﬁseﬁr’%"§e‘r'ﬁ“d€%éﬁﬁ“’—aﬂé{ h&00-
adj ust ment i ﬁaer(t'é‘%sx%tﬂ "I\E‘gta 1h§ét1$§9@ﬁ\5§§l2§ dﬁﬁﬁﬁﬁ& Bl Gert Pgmfxé {uttfsrus
e.g., ther erence n , he surgeon can dent y t ocat | n of
t he given smtelnezo a?ldeschhcﬂmnfrmreddpuhbelnwg sel ectable notch filter 142 is
then 25 noved to a different position when detecting a second marker 30c,
e.qg. marker 30¢" Si gnals fromreceive antenna 140 that are passed through
sel ect abl erpgtd clf\6r|3t0@ ncHd%s 2R BOE B8 rdcbive theurhi o?f(‘x]?él' b flsetdflg M th the
adj ustnment o t e anplifier gain being provided as nee usi ng gain
adj ust s genid 31)4(3T h?illdtter mnbxldas‘ 3 puxiwiageral 305swhibkeis apnched tedng 30236nd a distal

rectlflerllnter werethe nal i s I‘e%lfled and tinme filtered.
The str engF’H’ %5 at 88?‘@6568”&&‘ ip S0%hat yerves ppasigp.ap Aescdbed,j o
anal og sig éw {?Qithbhgﬂ ﬁf@la@% 13@19(133@ plurdlit ofNOY | %(Q.Qzanmr%%nﬁﬁpssﬁmhut%ﬁ

PCTNS99110 I's provided to voltage contr6l’'l'ed oscillator 152
| att 810 cr eatt&hcdm 104 804 hiatriadigesit gndisial ¢idg0br Egpieallyyarshonhensiery3itiazzs as a

The. out put “4eBRLI 7Y afy UTY BER RV RGBS tee et b Fe BRI (i od

by audio anplifier 154 and delivered to drive speaker 116. The pitch of the
sound provi ded by speaker 116 will vary @gs a function of the frequency of

t he signal provided by voltage controlled oscillator 15Z, and as an
ultimate function of the proximty of probe 32" to a given marker 30c. By
observing the | ocation of probe 32" when the detection information from
detector 34" indicates the probe is closest to a given marker 30c, the
surgeon can nentally note where the marker is |ocated. 13y repeating this
process for each of the 10 markers 30c with appropriate adjustnment of

sel ectable notch filter 142) all of the nmarkers 30c may be | ocated.
Referring to FIGS. 2d, _ 3a, 3b and 8, marker 30d may al so be detected using
detector 34'' in



substantially the same manner di scussed above with respect to marker 30c.

One signi fi opplgyddessli fference) however, is the fact that RFpexpsddhss®O

(FIG, 3b) is not used insofar as rnarkcr 30d contains its own power spgrkt&\l 2002
Turning nexhd 19 Hbéever 28 anAftemeaiia désifn, ahehor ﬁ‘ﬁk‘belSB 30aayabechit3Oed tbddcin4ar e
designed to provide hi gh i mge contrast when imaged with ultrasound, probe

32 i ncl udeso as WEXTESA BB HPmPsta) Gtﬂﬁ‘ 296 toard ?faﬁwhe@ﬂ%{a@t shpwBlwrBach Aaghor

generates ul t has q c and
Pecel ves bisERLTI et ARl WaN pP 3l (I QUENE S ARIRaeBy Fromples Y e
processor anderdblsbheya (uredd &wﬁgﬁi’amhmfman Qebixsed bla@nal illudiéaksAS A BIGS. 11

apparatus which is connected to the ultrasound transducer. Markers 30c or
30f are i dend 13- Aachey membanig Aarscig@hlyrmade fiog wringpice), althpugh otheie 22 wi t h
probe 32, ap i r o] ro vi ded by
detector 34" g:f‘hw ﬁﬁélragg%%ggdﬁqur% %%QW&A'W?%C' g'h%g%onzn E ?"?H fhe

pl acenent ahnakisatyi o tphevidead doevesin aacﬂﬂbr hember Illﬂﬁl @,Qhﬂﬁiaﬂhbﬁ&erﬁﬁertmwe vol une
22. . 1n the case_of marker 30e, the latter is caused tv vibraté at a
frequency SHRHANHZIGYREA |y significantly less than that of the ultrasound
generated by the ultrasound transducer in 30 probe 32. This creates,

Through what is believed to be ~a Doppl er shift phenonenon, enhanced i mage
cont rdst i Rotll564 ptdfualﬂpmmosg@mhede&hbctheda afdularerdsesestideThe\Guli@t i on of a
mar ker 30e 77 _%25806 Nov PCTNS991 10683 is effected by
operating Q@"E%Pf g}d depe h&?‘mr‘ésdf"ﬁnqctde‘ﬁﬂ’éﬁé% Gahistypienly dmthgarnge af 83- a
radio freq t ransmtted
by ant ennaq%{gypﬁ?g%kggggq?{ﬁ ngrehéth%ﬁrrog?glﬂvieégn e’?lg ?‘ﬂtﬁ{e& pd% lfm'fwhl ch is
det ect ed amxl:l 3Gpandatind by 366, ratsaldtpd&ds sppnds dtmregepplliatxen at 9pichlly ALY

el ectri cal ggga that is provided to piezo-electric device 8G Thi s si gnal
causes the ectric device 86 to mechanical | y oscillate, which

osci lysat i ons are transferred via support 88 to outer housing 90 of marker
30e, thereby causing the housing (and hence the marEcer) to vibrate. Tissue
Reroval 10 TF#te 3\ihere 00 absarnaiydea & cenpulsfd 2P heWoga vesitlahieor2 222) sipngxiinbleend 324

rocedur es r I the. tissye vol une comrences.
IOF{ef erring f‘xp&%#éé@égfjﬁmm %L%u (%H{e:rg'fblofee{gaé\” f‘rh‘é‘“ldﬁ\g‘amc&?égﬂﬁ?sékzeﬁ&PrTeFeéYﬁ)w ng
tissue vol tie3083vittef doendidihgd0oTenruRmTBNEE S Witdile &;Emctfepﬁgﬁk kﬂ&t

incision 404 (FI G  14) in skin 402 above tissue vol une "Fof
i nci si on 40% “1“§“"(¢§16Pblaqaf‘9“ BHdutypisgilain theyangs 0. ShinglPniry, ;gcfeabkyrabbhalngmﬁu l e

di st ggce beg on.a given a .. theY
axis as |II%¥?§J§[e Olnén%?%&%h%%e%% posgt%t&fgp& I§lktf’|’1h°36‘2g %?ﬂf %@E‘ﬁt

i nci sion 4&4\nallaenqbwlshzed uamasme bivt 3D€Wtﬁ@tc@d’s§sl(i)d'ing)ﬁheﬂ‘heK.{]%‘{Wofjs%Zl:‘gg?s so as
to formopen re ion 406 | G 16&! and expose tissue portion eneat h.

Referring HoWM “Iﬂ‘h%ﬁamelaf heglengihy of anchay megebersid On Siat 328 bpwludes spavketd?ehor
300 is IHSQI‘{SQQdH@ gspt digsIus t he  ext ed position
illustrated in ; l§ﬁ| sdlggégl::%?%‘\ﬁlgj thaheﬁgggi %gﬁnaﬂVﬁ@qu?ﬂﬁ%‘%q fhg
302, then qbqlsllotmgi m@dezBMectqmwamdB%.(as illustrated in rlG 12) with respect
to cggnul a 3Z0 so that pin 3d8 noves in slot 328 toward the end thereof

cl osést to proximal end 324 of the cannula. In this retracted position,

ol o 22 e PRE hls pPURELE Aluidt SRR B e willokihey | e

volunme 22 so that its distal I's p03|t|
center of @hadaecApeadsePB0 aThpzs:t;mhed:ﬁijﬂ:ﬁhtd’ﬁiM ch@ 326 bf QMR 8P her dAERGUT dance

f hat bl e of t h
300) e, 0 YL UEIE s e %ia&vw'giﬁ%ﬁ’%ﬁ:&xpg”?@é&&m@;ﬁ; ng

tem 20, a ; e yol 22,
T uStr at ed e - 7 ehER i gber 2l e R e 0P ey Bl

desc?? bed eeald@ﬂé (nad slnqj?em thryagicktercs B3 are mootdiigBiardie pRRIMAI kYA SOhhGe,dgpt h 30
at which mark g, 30. is @ ttﬁe g corrparlnfgI this to the I ength of° cannul a
320 i nser t885 r{’fo(?‘ p‘egé‘i]\ém it (FAe 231 the leredh oltheiawher meybese Posipeitorsdo

centrally within tissue mass 2G 28
19



VD 99158065 '~ 3 N O V 71102 PCTNS99110693 Next, ring 302, and hericd N®Y 2002
304 attacheqydbgisato, is forced downwardly (as viewed in Flggr/0stpnoss ative
to cannula 320 until pin 3d8 contacts the end of slot 328 cl osest to distal
end 326. A3 iypikaBPfromRRE Sorkat Dimheanaiber 3 BROTHedwagths dfainshoexteamtdad Iposi ti on,
anchor menbers 310 are forced out through apertures 330 and into tissue
nmass 26 (sesnrml32010hd slghE$)are jogethggelectadsp haticwnal nprimy c.gj, sbquhd b @f
slightly so gs tp caus [ i 0t t he next s in
the'r emvar gt gt De 5 ol Ry Eebti0: BARSTCasE Sthep B3 068, 1
open regi ony, HGetrd3efdesdsitiag ill @tikle&H F1%5. 12.0In thié pasidor, @in I08tdn@igep tHetén@as 202
and 204 are 10 .positioned adjacent open region 40G as illustrated in FIG
17. Nekt, olordas closgstiogiosignl end ¥asAnrkasaremuers dPare sizedild hismennepforansyre s
curved pl ate, 20 ' ' - . [ 0, ' acent the
open regi o%‘,“e as g?‘ﬁﬁ%@??%% x}l ﬁ&ll:tp%\ggB‘Otmkgﬁé)e?ﬁ‘éeu{pteg@eg%ﬁ%g%p%ﬁe IS
simlarly padidiBodédnitie repaned pgiton ikQ6ated (eFIG. porti ons 202 and 204 are
noved toward one another so that cannula 320 of tissue anchor 300 is
received in elongate groove 232 in central 15 handle section 222 and in

el ongate gk [ ' Por ki qn 204 are
noved even ’@Ig\(gﬁg‘r t% (g a%%@?gﬁgﬁhg?qg,gﬁaﬁtr}f%dé%ﬁ%ﬁﬁ%ﬁgn atégogggetﬂ%cg%%lgg%&soand

252. Hhgageh: aesg o eubsandaliotht katire demgtlect thoashabRerabas 200prajeets fRaLthvied,
respectively, in apertures 228 and 230. \Wen positioned in this manner,
ends 208 aREFPEA(yeaPerr Bt Pesmttisats 200ksT by in dip axiandgsbipasition iherated iyBIG. 11

respect i velyq 1 8Nsin240s@0A, p%§§oglnléngggqsvﬁ:dcn%%f98{3‘2'30&?%;%%8% g{sﬁg&gd%fg. portion

204, so as to forma substantially continuous curve
consisting of cutting edges 212 and 242. Al so when positioned in this

manner) | opgitudi nal is 2 cutter 700 exfends, substantiall aral |l el
to t he) el oﬂ%ﬁfgn‘fﬂss"f%s“&éﬂﬂ%‘gg%ﬁtﬁPm%?ﬁ‘tﬁy HFS?I\%P'BW%‘P‘%S%EEB%P&}#‘P%%UE@/“

co- axjal WpbfystyRaieér p¥lySretishe e biter k ifhl icdtd GS, 18
and 21). \é\’g ’@’t tﬁgéor;i tion of Eu?l?g%lggjé%m?gﬁw@gﬁggd %é%lﬁ;g’r%g%g Sis

det er m ned tiBspegaehai(asragsaribed immars dstril Selowd khewrsto thiseckilled it tiphxtalAk yioted

det er m ned usi r 2._an etector,34 in th nner ., descri bed above,
to the posfﬁ%vghlllolﬂgpﬁ:eag%ml\toggres.alr%}'?ce{%fn ?‘l?’c%rc’ﬁ?qr‘]%ﬁ‘is glfor%‘?ﬁls%"f“gmi P2 adj ust ed
so that aximemcey ohetelillogr 200 is substantially co-axial with Z axis tissue

volume 22, 30 as illustrated in FIG 21. In sonme cases the surgeon will
recall the location of markers 30 fromthe prior marker identification
step,pand Q. llderiik! | b€ unnecessary to again locate the 29 ~ 3 No v

2° 00z WO 99D8065 ' FcTrus99no6s3 markers. however, when tissue portion 24 is
anor phous  &eferiig ww & FIES. i 514418 16ARerkws 80 nla ®eisddits BHRKdt 3 d ieghyad. it is
recomrendeg tr&g;, this alignnment of cutter, 200 wth tissue portions 30 using
probe 32 aRUTBRELRIHHSSHE VEWMSe B R heye pRition &4 iragcordance mgthdhe fallswirg vol une
22 conmmenc j » L O L i nsertion of cutfer 200 in
open porti g%ﬂ?g'fs!mg%qg]g%@ g ?I&ac%l)%ﬁ%} c}sfpgee'h&é%ﬂ ?ebrmcﬁﬁtﬁ% UsSusayolupedr hrdattsthat
t he radi usisaon@ireddda platebre20.6 Haweve2 36is t@abe ippasisteRdhdtAdiR Vo nPlivaL ey
fromgagxis 262, is substantially the sane as the radius of tissue volune 22
as sur ea’eFéJﬁ?'h?‘f‘? BV 2GS HAY BwE End liyerast may eanstitsternieticeokganioons hi p

bet ween t hgfadii of 10 curved plates 206 and 236 of cutter 200 and the
radi us of tissue volune 22 as neasured with respect to Z axis) is
preferred, in sone cases it may be satisfactory to use a cutter having a
radi us thag i,S greater than or,less than the radius of the tissue volune
22. Al so, ﬁéh“rfgﬁtgﬁﬁ"tp IBOraCh F RS ISP Yo WRR222 g isaiean 8 86 ioBintanest laderttificd or
consi der edukgughRbRedntibghl M2 ARPRRMOESLE., Al iha20Re, sy or CAT scan. Next

30 markers 30 are implanted in tissue portion 24 surrounding tissue mass 26 and defining outer

boundaries of tissue volume 22. The number of markers 30 used, and the placement of the
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Referring to FIGS. | $-22; as the next step in the renoval of tissue vol une
22, ring 302 of tissue anchor 300 is typically pulled upwardly in the
direction of arrow F (see FIGS. 19 and 21) sufficiently to tensiofh3t NOYu 2002
volunme 22 and adj acent portions of tissue portion 24. By this tensioning
"of tissue volume 22 and tissue portion 24 the tendency of the tissue
portion 20 twoesegeEess under the foice of a cutting device PETIUSPRILISE

Al so, this tensioning of tissue volunme 22 serves to stabilize the tissue
vol une duri peikhacRtit@ioarbugman ) withacedspending eppmshe satien of the tissue mass
sufficient~tissue stabili zat\t,i on can, be achi eved rrergrley é}}é t}%qlingg tissue
anchor 300 relative 30 DBeEHPESALSSUE. % BoPYEAF THUSHBIBSPT ST F "8 Ge Vol ume 22.
In other word no. 25 I i i i t oRkiEOWnlardin 28 }. a)lbéydnd

ti ssue anch"o‘fn%z\%ff%&gg{ok@tg%err%E%gd%gggﬁég?@o% C’ﬁolo_l th_egti s'g?g aﬂch)?( in a
stabl e posi ;hiega?e Jh@ue mhisi26. $tcaleved, i mepytapplications itisdesirablota wserat leaptesix
anchor 300, preterably, but not necgssar/] | mai nt ai-nj force
on thesti ssmerkencifbro bragket ‘b‘éﬁ‘?g\é‘ﬁwnbfi;?éc#%%ﬁgﬁﬂ F'égac%ffs a%c%%(,%ﬁﬁtg?’?%egt ter

200 and begj ressi Ngs\dewpandl RIONG h cabtp 6fkkey I, YEmd22,
i.e., in thh@‘ﬁéi??"ﬁngﬁf (%arroBl E)Ne(?gjeﬁl%?&é\ggggx:e?sAl the sane tine) 30 WO
991 58065 PCZlsk/adWliiH6B3ppbsid: bibudaid2f Heuelvelom220. and 250 are rotated about

cutter axis 262 in either or both a cl ockwi se and countercl ockw se
direction, i.e., in the direction indicated by curved arrow R (see FIG

21). H Ongaggre g{a%?%egﬁs AR Ain36, B Barkér20(1idsQnRRE Miakis atiht @ppe2QBrfice ofot at e

relatively out cannul a 328’ positioned therein. Pins 258 and 260
and aslgoci atissie ¥pkurtel2e matkz83Griies 2B thesd exigatgholpvaresirioer eftbetisupyelmens 202
and 204 renmin operative enga Ath. [l Lh FIG
10, and so er B “iﬁ(ﬁ’l"t‘i’%ﬁ?xg&? gg g oggéﬁgrtﬁ%%e%ﬁ?%tdgtﬂlll%t?\stg{‘??(gg@g’ is

applied to gﬁgw?fso}ﬂi@ oRQRd KQRE at ASecotd [oehticAl théo@tsaifest AbipLtissid €olames 262
and is urge ownwardly towards tissue 10 volune 22, bottom edges 212 and

242 begi n cdiatrietripaily opprsits olagiee 302 markig0; s opibeY aKisghating logafigppashs | n

renoving tissue volu 22 1S ner.al Lhogdical ' . aring
the positi ofUEF S"Eff‘??/g}a %‘F ABS Vg@@eaaﬁg%%?gp § g%sfo g&#yggg&%%@?@ég%ggﬁa@ker s
30 usipg pr aheuds safskedFtieatsalie uhOdiatiemicallyorpbsitd makirions of narkers 30
and then conparing such locations with the location ofthe cutter. In

particular, a determnation'can be nmade as to I S when tissue volune 22 has

been sever equfif Q. Soe) RAAEOR, F4nk 1R AR SiBe REH LU RKE IS AL F O

? 1) defining € 'bottom or | nnernost portio tissue volunme. Thus,
by iterativalaydstoiypadicangbe &i€figuitsd presiselyfimpletentin pB0titeo Haveeven dids genesallyf

kers 30 usj ker | ocatiqn.infor mat | i.red: det ect qr. 34

based on- pr BRTRE B SHRAP Rl 25 P Rel Ay S naHd B Rors 20, o eife

det er ggne WogRnleR detthdd AP 8imknkiRs iggsmgmmleﬁ aShedHothblelbint§htioR WPtRP can be
|

renmoved fromtissue portion ?4, as indicated in FIG_2Z Depending upon the
size of cut prefere®@ is thatithe yatkey 30 racirsoeiremio; sfowndn FEES. 130d IShpositanedpt nay

e Tndi cat el ery e Sty fiae folhihs 2B RR ORI Pty b fikRnl e

subseguent | yf fi&IB\ach BYpekiokA tndsele @00 (RIGL 1S) i2 ocited ke fcdiSiHg: the alacked 3oald
detector 34 and then renmoving the markers with a suitable instrunent, e.g.,

t weezers. | he pesivenedaJas illustrationnijmarker 3Py in FIE. 15ng potdaepnpisteptwith this e

volutre 22 1n_so ses.. 1t w b t P Sever g;g or
i nner rost pB‘?‘cPW(S’?Fr‘T‘g?&?IF_%e%eQ{ 't:fém\’/éo*oﬁ FP%I@% ;‘?Cr Eoégng]%éf 8@‘3}8 regag}vg {y eagglg%g s to
pernit rendygiweeh tetfarkérsolshdistctoidl mudcls @00.PSimiRfly, Ol itahCRkendt, eachads t 0ol
may be used to performthis final severing of the tissnc volune. The 31
VWO 99| 58065 rmrrekari5oshows &BFIG. 1, to be positioned on top of tissue volume 22 is near the skin

overlying the tissue volume, such marker is not typically required. Also, while the X, Y and

Z axes are illustrated in FIG. 1 as intersecting at 2 common point centrally located within

30 tissue mass 26, this is not required. For example, it may be desirable to offset the X and Y

axes somewhat, as measured along the Z axis. Furthermore, in some cases it may be
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1 3 NOV 2A02 precise |location where this final incision is nmade may be
determ ned by again locating the position of marker 302 using propt%ﬂoﬁnaooz
detector 34. By leaning tissue anchor 300 and cutter 200 to one side,
a~surgeon can typically follow the incision created by cutter 200 with a
scal pel or other tool down to the region where marker 30, is |ocated and
tissue volune 2? S remains attached to tissue portion 24. Apdciaisesmbove,
in some circHRSVAMERs a marker 30i is not required when the bottom or

i nner nost portion o i ssue vaql ' i it b ATFRSHs RS by indddy 6ned

di fferent tdgsisalig t‘té‘gl?ﬁé‘,ss"é.vﬁﬁfn%gﬁp‘gg}%-}g%alﬁggfrjgs}](’:Iggl?gbvg. I'n such case, the
sur geon cand.??%ﬁﬁ%‘ when cutter 200 has 10 been inserted sufficiently deep
into tissue portron 24 by merely observing when bottom cutting edges 212
and 242 are about to engage the different type of tissue. Referring to FIG
| a, by inserting markers, 30.at I } T06h XNe add @exss. t he
relative delBsRTGreagss i &Pl gagé'sﬁrﬁﬁl%?tggﬁerﬁ%gklﬁﬁgﬁb g%&cegén be Jg’et erm ned by

| ocati Qg spggfc{ﬁ,% b FIOBRI K £1itsstasg, ton mbrkeS3 0andusddtteotop the3Z axisHwolapadt i on
of such markers 30 is then conpared with ‘512% | pcat.i on of cutgr 200 to

det er mi ne t ids Hgpwi cofantis dhat ireffsebalapgihe Z axts Witl 1E8R°5t BFXS ™R 4} | ed

at positions X, and X= in Fl. LK i frequency,
t hese mar kefds é’ar‘?ngéwﬂr‘?f‘&ﬂé‘f ‘g i’#‘eaﬁgsi?ﬁggq@?}gg?ea%{g&ﬁg%ﬁ?glgaﬂgg’;" inthe
manner deschifgtheX8®IE: 110 Redcond tag, terombikers 30kye npd gosionitier X mgismweeornt than
four markers, e.g., eight markers as il|l USIF‘ ted inégl‘"ﬁj | b tHS boundari es
of tissue v¥laxig, M2@on e ZoPtinAWean M5y 2xs Whic @156%5#{? ¥ 25 an VP8 | of
the tissue | une, . Thi s . ' [ ) nUTRb s 30
used ioreadeet R T e O S S TS
regardi ng t fgariieplatamests odfnatkessuealvotnrmmpaed R5the prestrd inventianse of cutter
ﬁoi n connection with the renotral tissue volune 22 often expedites

r val of the tissue volunme, use of the cutter is not a nmandatory aspect
of the presgnt, ME4Hod Ol lbHEsRlel Mbmistud ABRWICRE ab HRAFHS B8kRe VORHEER2 shlh t hi s
regard, a conventional” scal pel may often ~be satisfactorily enployed in

pl ace of cutHattissheleharglh 48 js larpdenoughrto ahswramng of the tassugmass ligsoutsidg thp dissue

‘desirable to initiate an incisi with tt - e he
et s118n wi pames dapar A0t BN i §6Ps gRRE ra SR T el T
process of r grmuiNgs tshpe b preferette anoted BfoR. $odlepd| tihenaRirtls; kafleysured
comences by inserting tissue anchor 300 in tissue volume 22 in the manner
descri bed abatwerdlyialongen axis sxicadingraprRendicuiny tap BTEre lpCHANONHSHHEMESE28rist o
and during the r v f 1] ~ in the manner

descri bed aBWé?lg}%%ﬁgé, 02 :'tdn%cirt?'.ﬁagﬁg%§%%0@3¥flgg4ut§%&g[ ume 22, the 5
boundari es thereof nmay be repeatedly identified by |ocating markers 30

usi ng probe 32 and detector 34..As noted apove, it i ner al | .
advant2geouMarkerg @ "’tai)'é’_§@PEHEHH?{@BEPW%E‘?%W'EE @F&Eeffé“ \7’8_?'%%“322 with a
scal pel beCgusgy BY aithAbt loof! pédtpal RS 30 aleliBlaARd usite b ObRLhiiGhal BIAHE Of
ti ssue portion , It Is easier to maintain alignnment of the scal pel wWwth
t he boundar yssenn{ndt hbown)sbal sinwdianemislytgonerates an image of tisubmassPoraaditlet ed t hat

f use of tissue 10 ' anchor 300 is a preferred, .hut not ess i al, aspect
o’t he pres@Wrkaret Abegscn Y&%‘R%?q%dﬁ%WGﬁpé maﬁﬁrsﬁ gﬁ‘és"\?{)‘?ali?rggé'f.‘“g P
Referring nﬂﬁ?]&&aﬁéﬂl GF the thafilaes iEloq’issﬂéporﬁén y) L N-T0K] ﬂp?ﬁ{s@ge IR AR R Ze @ d from

detector 34 are not used 1 n connection with marker The detection
char ag@ser i sthedmagingsyitensthdGgrkess mhebe piséinned sif asdo defiredissueclutye2 7@ tha

surgical cavity adjagent, the markers. Remgval_ of a tissue volu 22 .
br acket ed bV‘%‘F"I&EP%“C‘@gﬁb%W fbtfr’?t?%r%ﬂﬁ'ﬁ’ ng’q?‘éer‘f “’6%‘ g?@?d‘ﬁ?ﬂﬁ%"’iﬂﬁ@ﬁs
bracketed b o&&&&fef}gﬁtrﬁp&ﬁﬂk&gm{% Of iMBgikEenedsy skd.t hat the location of
mar ker 30g I's not determ ned by the surgeon prior to initiation of the

removal of tissue volume 22. Practically speaking, this is nore a

difference in th rocess for r ving.tissue volu 2_tha di f f.erence

inthe 20 c BE% r?%‘ﬁt%ﬂée%gﬁag{‘aﬁrg S ”(I)Zre%rsrﬂlrcll"’gﬁ'og .d%lﬂlﬁ gn;?’?%n%ngonbo cause -

for i f%tﬂ ant atiais PO ROwEver, ARMKREs BRRaINHET mMBERSSREdEdbeltust BRISAbAIMRhS ONE
0

form i magi ng system which inmaging systemcould, in nost cases, also be
used by t herdativpcocntivo of aevarker g0 thisshomassi 26nthe desngd kedativegrpepmensrcan typiably i n
connection with the renoval of tissue volume 22. For exanple, if
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markKer 30g is initially inplanted by imging the marker using an uﬂ@r&‘?&ﬁ@ﬂz
sysi enl thfaggfégdaﬁl’ ker 30g is actually a marker 30f _ ThusPCTAHSYIAMECct i on
with the follow ng description of the process of repoving.tissue volune 22
bracket ed ok tthiesdkeves if3gue partions24is SIRYEE GUHRE FP&FH?é%"%p]%.‘?tg“%t | ocat ed by

the surgeon prior to, or in connection with, the renoval of tissue voluene
ot her than by visual observation, as discussed bel ow. 30 Renoval of tissue
vol une 22 %m&gﬁﬁ@maﬁm{ kets 30g al so preferably comrences by installing
ti ssue anchor 300 as descri bed abgve. Again) the use of. t]jl swe anfchor 300

is WO 99Ns3i065teRinings maydsasediodmplapaarkers 0 HbsSHaPRILY ‘; N TEieTeptfe

surgeon commen cutting the er al j o i | une
22, “aif ch CABLEE AT ST ISPPRSHaNals iRy 30 derdu BTy bl e A
techni ques., . IH&Rg 1ikde pbRIER2AlusiDE khows idiequsties A 2mplantes(dsithes siogv of ther

cutter 200) or” a scal pel or other cutting device, as described ahove. As
this renovaypeodsed icicupdany Ssegdss of rdiogctivedaaternl foryaripys<arret FAUMGRIS30D, i f
used, is nmanipul at eq,.t i i i TE: & i bed
above. As CEPH S50 RAETERLPLPe KT DY R HRRLE ks RIERL: HaT 6
mar ker 300, safidfecterlp eriptoyel. Thee feedkegusheas imelnde edemel sadlengrrotraed by om ed dye

78. Thi's advises the surgeon that a_boundary of tisspe voly éz,hfls been
encoubl er echutariutipehavisg 2a €04 RIS SUR Tor SURROBINg thy sadiqactye oseeds r%%} W% nar ker s
30g defining_ope side r LSSUB, - VA dHTBy 2B ee dMiStefeatdde
mar ker s 3odgifé?‘?“n‘??r¥g°%%E‘Sygg?f??g@g‘?éé‘e‘f*&%f‘%bﬁ%h‘?uﬁf \f‘erl entv%ole%r of dye. By
defini ng thg dedsiigabycentral neadladownwvardty r2lAtivd thhhesusrofifiding ewter tabeyiath thee. g.
10- 25, of markers 30g t,he,boklngar ,, Of Ti ssge vol umaﬂéﬁ can typically be

i dent i fied poyntiof greaerdie FCing 10f r5ed fEPmR HSEPY PIRE QRIGER Aicthe Byfer tz‘:%égears in the
surgical cavity. 15 As noted above) marker enbodi nents 30a-30f may all

i nclude colored dye 78 within an outer capsule that is sufficiently tough
to wi ghst anth parsduicoasty anert yatker 30 insdcadridanet yithalsis Fiyst eprirodeh, thetrtageer B00) a
scal pel or other cutting, deyice. . Suc se  of e in markers.,30 provides
anot her solREE FE Ph Br’sﬁﬁf’ﬁ\d’ﬁn’f%‘r’c R"\Slgcrgﬁrpéa%ﬁg%é HERY SR ﬁdﬁﬁ'&%ﬁy of

ti ssue vol UpRugR skid @0 and, WRAE FRAbacR B the dRagig dybSMUR ghldas kfihk iekicwheaen 20
is that is permts the relatrvely precise identification of the boundaries
of tissue vibisudesirgilownplaotthe maekeneBienflar markerdA0ds cjeqied Semahe reeRlspusher by
cttmberson7e _appar at us, prqLecti fromtissue portion ?4. As such,
bracketi ng L§§’§‘gg e‘bc@r nll egag?%rﬁvrmg olrrfgott(r};{13 refa ?evel y duickly and easily

i dent by the tissue boundary of tissue volune 22 and renove the tissue
volune. In addition) system 20 is ideally adopted for 25 bracketing ~

ti ssue vol ulrse@nd apprazabrfphigipsantipg mantees 30 igvalees ceaating asmyll eastS-tmmue. An

i nportant advant f r, 20041 it 1ts. a. tlssue.volune. . of
orati vel y e o O afrih bE'ssR 02 e IO 1 Al S b3l e

i nci si on 404alpdis $nsahdhfoage tHeSndigpOEd ANé fdom o dit fn thE Bndekl§ig tissue portion

ti ssue-conserving.therapies are beinb enphasized. 30 By stabilizing tissue

vol ume ?7? utengingits sheeposition avhemguis desived 4o immmiant g makedPOnilibema masker peon 34

WO 99.580b5 PCTNS99/ 10683..~ SV 2~Q0 n.renpyv i ssu |u 22 is
enhandad. TRFTEARVSHage i Sy slief o 6Rkk S Toe Lo Bkt MBurn omi ng
of the ti ssyaMekdoteOB2r hirkets 301 Aginmdavredthioupin sdph@tURciSioRIAKKAAD2 $er ves to
retain the tissue portion in a relatively stable position. Indeed, even

hol di ng t i sYmHaLMINGF sBBJ° Prrcketdighevalvmezd2l y fi xed position relative to the
tissue volume 22 with which it is engaged typically provides beneficial
stabilization of the tissue volune. Wile cutter 204 and ti ssue anchor 300
may be advaRéfegigusivto F0GS.ayad 14 & o G pRBchNot fingliteing hesiend 3018 téifodmaf

bracketing and renoving tissue, volune 22, it is to be appreciated that
30 relative large, e.g, 1-3em, Incision 404 (see FIG. 14) in skin 402 overlying tissue mass 26.

Next, incision 404 is pulled open as illustrated in FIG. 16 using retractors or other

23



theicutter and tissue anchor have application in nany other cont ex1§ N% @02
Speci fi cal | o doRsek® any application in which it is desi r ed PEHUSEHIGOAR o

vol une of tissue through as small an incision as possible, cutter 200 has

i mportant Yt iJehfidnal Sevikdsab by io ke rélitivly la@s bpetegion 406ulidve Hesua npsefe of
tissue in connection with surgical renoval or other treatnent of the piece
of tissue, Mwbb&trhéﬁ amrthnmnmmffﬁ 1nt0ttﬁ‘éietﬂ°&lﬂ6@l4llﬁ§18@ﬁhﬁféb& firgk oriseonfr esent

i nvention, ti ss nch 00 al so has inportant application. 15 Since
certain ch&h@'@%“ﬁﬁ °Sﬁ’é 8¥¥n the above apparatus and processes without
departing fromthe scope of the present invention, it is intended that all
matter contained in the preceding description or shown in_the accorrpanyl ng
dr awi rﬁ;;s s iCahér approacheerftprrléwélﬁ“il&lmaﬂwsﬁplsaéi tochracket tissee MeEss 20 Are9 ni t i ng
sense, wo 99/ [ 3 ~13
NOV Qoz | 3“2?%?%% ‘ﬁ? P’Er A “%fﬁl"% ﬁ??@%é&dv%ﬁiné éﬂ@wi.cﬁgﬂ'}ﬁ??ﬁolﬂﬁﬁ
plurality (g} lﬁgr&[g@ﬂsandmghmmg kxanma BssS¢ihgd Ptk Ii:ﬁbllahfﬂtldiraweﬁ@partmmbjmmas

di rension of no nore than 5nmm as neasured al ong any axis extendi ng through
sai d each nmrdrsider in Sehfﬁbﬂﬁ)ﬁéef apREpaghes fordepleptingmeberidlt ed to sai d probe
that provides information when said probe is noved proxinmate to one of said
plurality of markers. 1 2. A systemaccording to claiml, wherein said

maxi mym di madiepNdétifationre than 21 2 3 412 3 45 2nm 3. A system
according to claiml1l, wherein said detector further includes at |east one

sel ected f rQneetinmednass 36 BETRAES Pragketihin dnesumar dsstrited pbave) it valume décan
source of pressuri [ X
i nformati oﬁf ri ed%ﬁ% ltim Oﬁot\gggfyéé%éées co‘?ﬁ;&%&’éﬂ ng; gﬁ?%@ﬁ’t’ E-Qer Ré?s‘r)“?]ayl ng an
i mge. 4. /ﬂeseﬂbbem mcmo:techﬂrb;ldvq thed farstpraseduva émveives shmﬂfylntgfthh*lﬁmmdms bf at

| east one of sound, ressurl ze r,. visually present ed I‘OXI mty
i nf or mat i oﬁlss‘%?o‘(Pé‘Hﬁ‘hp B?‘“% %‘E‘Eﬂ é‘“""ﬁﬁgprﬁhc fﬁtﬁléie&ﬁ‘°53ﬁ?“§b‘lsé99rf’ﬂré‘t‘ fog the

provi ged, rt?pcé)ﬁ%éﬂ(&‘ ’uspd/ a$ BisChsSQAURGvS %%nf&ﬁht@oﬂ ﬁﬁ:ﬁ'ﬁet@&&r 5 a?é’ihg

sour c& of preessurized air, said display for provi di ng ehangi n~ pr oximty
i nf ormat i ors)xclsbmmdamal tissnel velaing 2@isstptrargmpbuwed whing sylpelgewatar ZOﬁmg@Ihem@l A

hF or mat | oS 90t oRi Ot R B RSt ke e b B e R tsop

proximty Qs duirig@BBovA. | ndividual 3 nmarkers in said plurality of
markers. 1 6. A system according to claim1, \/\herel n at | east one of said

plurality of markers emts 2 gamm rays 36 -sia~.tLtu 30 ~t~t~m~d
pi es U-ts.~toua 30 saj; uan se awes
at[a & é Iu?IIlhe Sf%f’lﬁ‘gr?f)%ﬁg“reésmmﬁq Pbc S ﬁf@ﬁ%ﬁbésue AnchPp ‘é“%tdﬁg% you saop
[euS[s taat axa pees utai at[-~n ~~eueis ~altoxa paEs ~atxnmaua~ ion iario~ca w
w ptre “~s~a~[~etu~.Q ~a~pan~d pys ~oO sauo tatno dq pa~eaaua8 sjeu~ts

~( ouanba~3 Fer peth tb?*é@t andéesﬁldcm%ﬁ?slacr‘r rmyovmsawwobxm&% ps the fiplalap e~ 13
~ul AEL~ Ll uanbaj ~. ot pgs
a $ucl E~ aulﬂ’g]s‘?o@p kca?% %ﬁg th%:ﬁﬁﬂgg‘}agﬁ%g@&%% ulmte us{%gsy%em?@ SoEP o e
sapnput s~ agemwm)aaeed&wcamml pREESTRark{rR BRWITBIRGHR imblakitd b astthdrdbgtaOae

tudlsrCs y 'ZI yt,ups Ja~ya
25 eg.,a radiologist, as a separate procedure. The boundaries of tissue volume 22 are identificd
by moving probe 32 in the general region of the tissue volume and then monitoring the
detection information (e.g., sound, light, dial movement, image clarity and the like) provided
by detector 34. As noted above, detector 34 may provide this information when probe 32 is
moved within a predetermined proximity of a given marker 30, or may provide this
30 information in a form that changes with changes in proximity of the probe to the marker (e.g.,

a light gets brighter as the probe is moved toward a marker and dimmer as it is moved away),
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probe 32' and detector 34’ are used to detelct the marker. To locate a marker 30b, the surgeon
moves probe 32' in the general region of 'tf'issue volume 22, with the result that as the probe
approaches a given marker 30b its Hall eéfect sensor (not shown) generates an output signal
having 2 voltage that increases as the prot?:c is moved toward the marker, Similarly the
20 voltage of the output signal decreases as ér'obe 32'is moved away from the marker 30b. The
output signal of probe 32' is provide via lilne 120 to amplifier 122, which amplifies the output
signal from the probe. As discussed abovse, the amplified voltage signal from probe 32'is
displayed on signal meter 126 and is also !delivered to voltage controlled oscillator 128. The
latter gt‘:nc'rates an oscillating signal, the f:requcncy of which varies as a function of the
25 voltage of the amplified signal provided tEo valtage controlled oscillator 128. This signal is
then amplified by amplifier 130, and the ﬁmpliﬁed signal then drives speaker 116 such that
the pitch of the sound provided by the speaker 116 varies as a function of proximity of
probe 32' to marker 30b. By observing signal meter 126 and/or listening to speaker 116, the
surgeon can assess when the probe 32' is positioned closest to a selected marker 30b.

30 Repetition of this process will result in identification of the location of all of markers 30b.
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wher ei § at Jeagt: ondoiafwingsehshiviy adjitunentusingrghisradjustment 66, th the amphifinde
filledwth a col ored _‘c‘i%e. "1 20, A%st,emfor bFacgiti}g? ae.[tci e mass
conpri si ng:sighahbeiag proyidad fa 3ntepna 38 FordrRIMISHUHIOFBRFIHR > I det ¥
characteristigc, 3. b , : iRF sibha e Geleesia wai d
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of proxi m tyh i Salodthe meleers sndois of nifficiait dtrgrigtr taldrivy relicofrequandyegenereton 6

varies as a~ function of changes . in said proximty._| . stem

accor di ng taf the @MKCESO,Foﬁh‘éﬂ‘éidﬁ‘eé‘é‘?“oa"&éf%‘&‘i"%ﬁyE‘H%{K%lsc“t(gfci}'&afef%g S'&ﬁﬂ#& rays.
1 22. syste ' | & WREKSISB pefirsle SBITEE LibRA) Vi@ jact eri stic
is a gnetﬁe%quﬁadfn%{ng%ng% 5%’%?&g%§%%g%gaccor di r%ﬁdtrgccl ai ml.go, wherei n sai d
detecti on claisagtertysntenna §2 nallF sighal i e fraferahly duenatmecrssanidy, ieachanarkepdlc1 24,

A system according to claim20, wherein said detection char eristicis
i magabi | | tytr@WS%lFt%rgb§4ﬂ ﬂgfoﬁ“élﬂiw.y that ’fé‘.n‘%eé%/@‘t’é'?ﬁ‘éfé(c%‘?@jaﬁ‘ FEFai m 20)
wherein saig &L‘?hﬁ‘ﬂ&ﬂﬁ b SRk RS udhc Wt eferablyalseiofl 81 6F thE RSkt Hcs Witk Bi@t h of
sai d detecti®n characteri &tic and generates an output signal 3 having a
magni t ude tfiequenay ofsigrab4@bdingdiffersnt thin thi feguenenofisigref 44 ai d det ection 4

characteristic, as determned at said probe_ 1 2G A suraicll|l u-~arker
conprﬂéing: Z a_ a quantity of colored dye; 3 b. a capsul e encasing said

duantity of ool Qi-Rek 6dR: badiheftvited R R@EdNsEharkesTt 16 Béhe ARSRF dighidletsand
capstale is 1 nmagabl e by at Jeast one of 5 ultrasonic, magnetic resonance

and X-ray educdipn ofthe markeOvVRaRRCAOTbY isBDEEeHY posiEy e peRE$ 2] (1. 8)on or
i mans on oPoRST R e Rk R B NS 2 U SRR RSy SRR Mol
sai d capsul gravided b adaldg §gral Stréhgth display 150 and/or speaker 116 of detector 34", More
20 specifically, following receipt of RF signal 44 by receive antenna 140 of probe 32", the signal
is filtered by selectable notch filter 142 of probe 32". By correlating a given marker 30c, e.g.,
rmarker 30c,, with a corresponding representation on the adjustment knob (not shown) that
controls selectable notch filter 142, e.g., the reference number “1,” the surgeon can identify
the locatic;n of the given marker. The knob for adjusting selectable notch filter 142 is then

25 moved to a different position when detecting a second marker 30¢, e.g., marker 30c,,

Signals from receive antenna 140 that are passed through selectable notch filter 142 are then
amplified by RF amplifier 144 with the adjustment of the amplifier gain being provided as
needed using gain adjustment 146. The amplified signal is then provided to

30 rectifier/integrator 148 where the signal is rectified and time filtered. The strength of

signal 144 detected by detector 34" is then displayed via analog signal strength display 150
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a first blade having a Frst edge with a first curved eonFguration; ii, ai;
irst connector, , . b. a second portion including: i, a second]ty NO& @862 ng
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sai d cent r ameptaly notetwieesnithg raarkezds lopaied.  Byrepsrting thisPoRess fRyeaeh efthe wher ei n
sai d el ongat e e r d.ncl udes : i i ' 5l

remberiGar ¢ aBEtEet et aled e UPLclaebtlof )l 2, R oMk 0L
nenbei is cgﬁyibg%@etdand positioned so that when said portion is in said
first position said at | east one anchor nenber is at |east partially
received in said elongate tube and when said portion is in said second .

posi 110N SapQrlad £36SORE AN £ 308 AbPRLELd RbushR ditlor bR ONe

aperture an X s transvetsely relative to said longitu axi's. 33. A
ti ssue anchegbsam€allyihagahe mahadrmiss@ssed shovheithwéspeat tnmepsens &l drpatignificaoe has

Clai m i3, RIS B FOrEELTAEE B PO P ek B orestes megrer 208 *°
ti ssue anchop,,26eqt gl Qoler ©updem 37, wherein said at |east one anchor

menber i ncl udrés four anchor nenbers. 36. A tissue anchor according to claim
32, Zvherein said at |east one anchor nenber has a curved configuration

32, zvherein said at least o erber has a cu figuratio
b acketi ng. TRTRE RS BTG A8 At oo T bleR 0= paf {of OB e g provice

mar ker syst g{phiin@beleént@st whendmaged aith tlyra@hundriprdbera indhadth a @Bk veationd) Sai d
plurality having a maxi mum di stensi on of no nore than Smm _as neasured
al ong 2y axltmsesnddreasduset MPLRPGIYNS Hirbeesi@les hiragqund in a conventional frequency

range, e.g., 7.5MHz, and receives back reflection of the ultrasound signal. Detector 34 is the
image processor and display (neither shown) of a conventional ultrasound apparatus which is
connected to the ultrasound transducer. Markers 30¢ or 30f are identified by scm.'ming the
general region of tissue volume 22 with probe 32, and monitoring the ultrasound image of the
25 markers provided by detector 34. This ultrasound image permits tim surgeon to identify the

placement of all of the markers, and hence the boundaries of tissue volume 22.

In the case of marker 30¢, the latter is caused to vibrate at a frequency that is penerally
significantly Jess than that of the ultrasound generated by the ultrasound transducer in
30 probe 32. This creates, through what is believed to be a Doppler shift phenomenon, enhanced

image contrast in the ultrasound signal reflected off markers 30e. Vibration of a marker 30e
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subst anti al sai ary adjacent sal ocation. 1 39. A nethod
according to claim 38, wherein said positioning step is performed so that

2. said plurality of rkers defi aid boundary,in thre | mensi ons. 40.
A ot hod” acRaFRITgodO IGErhial SHHaNS: # ET HoB PEHT S0 TETHLR or med
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1 41. met according to-claim3 6, wherein sald positioning step is
perfornmed sy inkatin®a Saga ipd ung P02, yhenfpuittnghed 304dgiwandly &aiilthiskretad il BIG, 12 one

dinmension.. 1 42. A netho or di n claim 38, 'wherein said sjtioning
step invol v‘é‘éh PRt F%ﬁ?ﬂﬁ‘gﬂ ?ﬂgs"ptﬂﬁtr 'f#&y'"%‘l’“h‘h? RE}28 tﬁ‘gﬁﬁ&‘%“ﬁf'&g&%ﬁ Spst
aging to gubGRoihdraieah ofihelchthubd. Uh i tradePpositRnKEnRula 320 is grasped and is

inserted Llirough open region 406 into tissue volume 22 so that its distal end 326 is positioned

25 substantially in the center of tissue mass 26. This placement may be achieved under the
guidance of an imaging system (not sho»;vn) that is capable of imaging tissue anchor 300, e.g.,
ultrasound or X-ray imaging systems. Alternatively, using system 20, the location a
marker 30, lying beneath tissue volume 22, as illustrated in FIGS. 18 and 19, is identified
using the procedure described above to identify the tissue volume. By identifying the depth

30 at which marker 30, is located and comparing this to the length of cannula 320 inserted into

tissue volume 22, distal end 326 may be positioned centrally within tissue mass 26.
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of said pl WIGBi taratf2lpar kers and then positioning said cutter in 5

allg‘g{%nt with sdid boundary. 53. A nethod of bracketing a tissue mass in a
pi ec f tissue using a plurality of markers,

Next, the position of cutter 200 relative to markers 30 is determined by comparing the
location of markers, which is typically determined by using probe 32 and detector 34 in the
manner described above, to the position of the cutter. Then, the location of cutter 200 is
adjusted so that axis 262 of cutter 200 is substantially co-axial with Z axis tissue volume 22,
30 as illustrated in FIG. 21. In some cases the surgeon will recall the location of markers 30

from the prior marker identification step, and so it will be unnecessary to again locate the
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t he: net hod conprising the steps: 3 a. generating an image of the tissue
mass; and 4 b, referring to said i mage of the tissue mass, posit}i®NOG 2002
plurality of markers $ in the piece of tissue so as to define a boundary of
a tissue volune that 6 includes the tissue nass. 1 54. A nethod according
to claimb53, further conprises the step after said step a and 2 befg)re sai d
step b of pweoswssoésng the plurality of mar ker s pr oxi mat e t hBCTUSY/MRpss 3
and generating an image of the plurality of markers, further wherein said

step b 4 inyQ ﬁgsm@fg@&rwﬂg\ fissusgirton MQanmfp}mhsaaqdlmmhle; ds)is dfe camr whers i n
connection wth said 5 positioning od according to claimb53,
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of 4 mar ker@lﬁ&p@bﬁﬁﬁlbm@d on a Z axes, said X, Y and Z ages intersecting
the tissue vol unme and extendi ng in nan-coplanar relation. 1 56, A nethod
accordfng to claimb53, wherein said step b involves positioning the
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posi tioned of, &éﬂ?ﬁfbr@ésshaﬂ%rhms of tht heuphbibaliby Ao, BRHERME o ©

posi ti oned on iﬁ\/ S Xi s, wherein said X, axis and' said Y, axi$ areﬁ!f?set
al ong said cﬁmﬂlps)tlm§péamd?/3eﬂly&nﬁth@rfa@%ncdnxdﬁmmSahdtlmmhpyr@nm 61. A
ri ~ethod of |ng a tissue mass and surrounding tissue volune froma
pi ece of tlcé‘gffg?) the method conprising the steps: a. positioning a
plurajsty of markers in the piece of ti ssue so as to define a boundary of
the tissue volune; b. identifying said boundary by detecting the position
of said pl eferring toFIGHR18E258S Be N siep imige wqwab&wa#e vodirde 22,3ig80% of une

adj acent s I t b based
on cai 0. podetinEhR bty SpiaRL PRI U R Gutstuth BPERSTE ief BT
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incising ex In a second direction that is differen irst
di recti on. véBime 22 serves to stabilize the tissue volume during the surgical removal process.

In some cases, sufficienttissue stabilization can be achieved merely by holding tissue
anchor 300 in a substantially fixed position relative to tissue volume 22, In other words, no
25 force in the direction of arrow F is applied to tissue anchor 300 except as may be necessary to

hold the tissue anchor in a stable position.

Then, while stabilizing tissue volume 22 with tissue anchor 300, preferably, but not
necessarily by maintaining an upward force on the tissue anchor, the surgeon grips
30 handles 220 and 250 of cutter 200 and begins pressing downwardly on the handles toward

tissue volume 22, i.e., in the direction of arrow D (see FIG. 21). Al the same time,
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markers can be uniquely identified by detector 34" (FIG. 8) in the manner described above.

20 Referring to FIG. 1b, by positioning more than four markers, e.g., eight markers as illustrated

in FIG. 1b, the boundaries of tissue volume 22 can often be more readily defined during the
removal of the tissue volume. This is so because increasing the number of markers 30 used
increases the quantity of information rcccived from detector 34 regarding the boundaries of

tissue volume 22,

25
While the use of cutter 200 in connection with the removal tissue volume 22 often expedites
removal of the tissue volume, use of the cutter is not a mandatory aspect of the present
méthod of bracketing and removing the tissue volume. In this regard, a conventional scalpel
may oﬁcﬁbc satisfactorily employed in place of cutter 200. Also, under certain

30 circumstances it may be desirable to initiate an incision with cutter 200, and then complete

the incision with a scalpel.
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20 composition and construction of marker 30g. This is so because for implantation purposes,

marker 30g must necessarily be imagable by some form of imaging system, which imaging
system could, in most cases, also be used by the surgeon to identify the location of
marker 30g prior to and in connection with the removal of tissue volume 22. For example, if
marker 30g is initially implanted by imaging the marker using an ultrasound system, then

25 marker 30g is actually a marker 30f. Thus, in connection with the following description of
the process of removing tissue volume 22 bracketed with markers 30g, it is assurned the
markers are nat located by the surgeon prior to, or in connection with, the removal of tissue

volume other than by visual observation, as discussed below.

30 Removal of tissue volume 22 bracketed by markers 30g also preferably commences by

installing tissue anchor 300 as described above. Again, the use of tissue anchor 300 is

ul
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3' 109%&' () - ayd. Vﬁ(yaéfﬁhlﬁ% {ﬁe];Guﬂcﬂ.ry of tissue volume 22 with a sufficient number, e.g., 10-25, of

markers 30g, the boundary of uissue volume 22 can typically be identified by iteratively

cutting and observing whether dye appears in the surgical cavity.

15 As noted above, marker embodiments 30a-30f may all include colored dye 78 within an outer
capsule that is sufficiently tough to withstand insertion and yet is relatively easily cut by
cutter 200, 2 scalpel or other cutting device. Such use of dye in markers 30 provides another

source of information for the surgeon regarding the boundary of tissue volume 22.

20 An important advantage of tissue bracketing system 20 is that is permits the relatively precise
identification of the boundaries of tissue volume 22 without the need for needles, wires or
other cumbersome apparatus projecting from lissue portion 24. As such, bracketing system
permits a surgeon to relatively quickly and easily identify the tissue boundary of tissue
volume 22 and remove the tissue volume, In addition, system 20 is ideally adopted for

28 bracketing a tissue volume 22 in amorphous, pliable tissue, such as breast tissue.

An important advantage of cutter 200 is that it permits a tissue volume 22 of relatively large
diameter to be removed through 2 relatively small incision 404. This advantage is important
in this era when tissue-conserving therapies are being emphasized.

30

By stabilizing tissue volume 22 using tissue anchor 300, the accuracy with which a surgeon

34
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the cutter and tissue anchor have application in many other contexts. More specifically, in
10 any spplication in which it is desired to remove a volume of tissue through as small an
incision as possible, cutier 200 has important utility. Similarly, when it is desired to stabilize
a piece of tissue in connection with surgical removal or other treatment of the piece of tissue,
whether or not within the bracketing context of the present invention, tissue anchor 300 also
has important application.
15
Since certain changes may be made in the above apparatus and processes without departing
from the scope of the present invention, it is intended that all matter contained in the
preceding description or shown in the accompanying drawings shall be interpreted in an

illustrative and not in a limiting sensc.
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1,

A system for bracketing a tissue volume comprising:

a. a plurality of markers, each marker in said plurality having a maximum
dimension of no more than 5mm, as measured along any axis extending
through said each marker;

b. a probe; and

c. a detector connected to said probe that provides information when said probe

is moved proximate to one of said plurality of markers.

A system according to claim 1, wherein said maximum dimension is no more than

Zmm.

A system according to claim 1, wherein said detector further includes at least one
selected from the group consisting of a sound source, a light source, a source of
pressurized air, a display for providing changing proximity information, a dial with a

movable needle, and a display for displaying an image.

A system according to claim 3, wherein said information is at least one of sound,
light, pressuri;cd air, visually represented proximity information, movement of a
needle, and an image on a display that is provided, respectively, by said sound source,
said light source, said source of pressurized air, said display for providing changing

proximity information, said dial and said display for displaying an image.
A system according to claim 1, wherein said detector provides said information so
that an attribute thereof varies as a function of proximity of said probe to individual

markers in said plurality of markers.

A system according to claim 1, wherein at least one of said plurality of markers emits

gamma rays.
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2 includes:

3 a. an antenna; and

4 b. a radio frequency generator connected to said antenna for generating a first
5 -tadio frequency signal having a first frequency for transmission by said

6 antenna.

1 10. A system according to claim 9, further including a circuit connected to said antenna
2 for detecting and regulating an exciter signal received by said antenna, wherein said
3 radio frequency generator is designed to generate said first radio frequency signal

4 using energy in said exciter signal. -

1 11. A system according to claim 10, further including an exciter for generaling said

2 exciter signal.

12. A system according to claim 1, wherein each of said plurality of markers includes:
a an antenna; |
b. a circuit connected to said antenna for gen;:rating a radio frequency signal, in
response to receipt of an exciter signal, having s frequency that is different
from frequencies of said radio frequency signals generated by other ones of
said plurality of markers; and
C. an exciter for generating said exciter signal, wherein said exciter signal does

not include a radio frequency signal having a frequency that is the same as

O 00 N3 O v A LN e

frequencies of said radio frequency signals generated by said plurality of

markers.

o
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4 oscillating electrical sngnal, and
S b. a circuit connected to said piezo-electric device that generates said oscillating
6 electrical signal.
1 15. A system according to claim 14, wherein said at least one of said plurality of markers
2 has 2 housing that is designed to resonate ar a first frequency and said piczo-clectrie
3 device is coupled to said housing so that mechanical oscillations of said piezo-electric
4 device are transmitted from said piezo-electric device to said housing.
1 16. A system according to claim 14, wherein said at least one of said plurality of markers
2 includes:
3 2. an antenna for reeciving an eXciter signal;
4 b. wherein said circuit is connected to said antenna and 1s designed to generate
5 said oscillating electrical signal when said antenna receives said exciter signal;
6 sand
7 c. an exciter for generating said exciter signal.
1 17. A system according to claim |, wherein at least one of said plurality of markers
2 includes a plurality of plates that are configured, positioned and made from a material
3 such that said at least one marker strongly reflects ultrasound energy incident thereon.
1 18. A system according to claim |, wherein at least one of said plurality of markers is
2 designed to reflect ultrasound energy incident thereon.
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6 of markers that varies as a function of changes in said proximity.

| 21. A system according to claim 20, wherein said detection characteristic is gamma rays.
1 22, A system according to claim 20, wherein said detection characteristic is a magnetic
2 field.

1 23. A system according to claim 20, wherein said detection characteristic is radio

2 frequency electromagnetic energy. '

1 24. A system according to claim 20, wherein said detection characteristic is imagability
2 by ultrasound energy.

1 25. A system according to claim 20, wherein said detector includes 2 sensor that

2 determines the strength of said detection characteristic and generates an output signal

having a magnitude that varies as a function of the strength of said detection

4 characteristic, as deterniined at said probe.

I 26. A surgical marker comprising:

2 a. a quantity of colored dye;

k| b. a capsule encasing said quantity of colored dye; and

4 c. wherein at least one of sajd dye and capsule is imagable by at least one of
g ultrasonic, magnetic resonance and X-ray energy.
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1 28. A cutting too) comprising:
2 a. a first portion including:
3 L a first blade having a first edge with a first curved configuration;
4 ii. a first connector; .
S b a second portion including:
6 i. a second blade having a secona,edge, wherein said second edge has a
7 secand curved configuration that is designed so that when said second
8 blade is positioned in operative engagement with said first blade, said
9 first edge and said second edge form a substantially continuous cutting -
10 edge; '
11 1. a second connector positioned and designed to releasably engage said
12 first connector 50 as to releasably secure said second blade in said
13 operative engagement with said first blade.
1 29. A cutting tool according to claim 28, wherein said first curved configuration and said
2 second curved configuration are selected so that said substantially continuous cutting
3. edge is circular.
30. A éutting 100l according to claim 28, further wherein said first portion has a first
2 handle and said second portion has a second handle.
1 31. A cutting tool according to claim 30, wherein said first connector is attached to said
2 first handle and said second connector is attached 1o said second handle.

40



| 10%4& () - 109%& ()-! #109%& ()-!10%& ()-F!'" 10% & ()-"

10%&' () - &0001] 11n2dBj @ 10m ! $10%& ()- ! 10%& ()-!10% ()- @ }3 NOV 2002
109& ()-#109& ()- 10%&' ()-n223344=5dE] @ 10m'y)S 10%& ()-'!10%&

$! T09&' ()-1"$10%& ()- 100& ()-!109%& ()-=56; 7<7=7>7J7X78r S4

1" - &109%& ()-M y10% () - STL0%& ()- 10 10

10! & 931 109V y/58065+$109%&' () - 8k88$9: : D; dEr S4 1" - &10M 10%& PGTUSHIOSE () -

1 10%&' ()-3 "109& ()- 109& ()- 10%& ()-D;;;<<<<J=dEr S4

1" - &101110%&3Q) - ! ¥0fMfiué archor COmprising
1098 ().- y$10%& 109%&' () - 10%& ==

1 &1((3237100/&' () - g/)fl(%&a{‘f °g%a‘¢ 5/& %’5@““{1’66@'% )a%iﬂlfﬂd/&“hpf%fw&né)

| B@ 1 %09 0 en

109Y710%& () - 4! 109%& (/<)Zﬁ. &éfo")cségg\u/@%/%&g &t%e /Z&'% % 1?)%&' (%QLi'dio%z&' () -
10%Z& 4 - & ' 109%&Z&. () - mh&ﬁgﬂ&wmbﬂﬂﬁﬁﬂﬁlﬁéﬁwg@zed for receipt and axial movement in

5 said central bore between a first position and a second position, wherein said

6 - elongate member includes a longitudinal axis and at least one anchor member

7 attached 1o said portion; and

8 c. wherein said at least one anchor memberis configured and position;d so that

9 when said partion is in said first position said at least one alnchor member is at
10 least partially received in said elongate tube and when said portion is in said
11 second position said at least one anchor member projects through said at least .
12 one aperture and extends transversely relative to said longitudinal axis.

1 33. A tissue anchor according to claim 32, further wherein said elongate tube has an

2 outside diameter ranging 0.5mm to 12mm.

1 34. A tissue anchor according to claim 32, wherein said outside diameter ranges from

2, 1mm to 3mim.

1 3s. A tissue anchor according to claim 32, wherein said at least one anchor member

2 includes four anclior members.

3

4 36. A rissue anchor according to claim 32, wherein said at least one anchor member has a

5 curved configuration when said portion is in said second position.

1 37. A system for bracketing, stabilizing and removing a tissue volume comprising:

2 a. a marker system including:

3 I a pluralily of markers, each marker in said plurality having a maximum

4 dintension of no more than Smm, as measured along any axis

S extending through said each marker;

6 il a probe; and
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12 configuration;

13 (2) a first connector;

14 iL. a second portion having:
15 ¢)) a second blade having a second edge, wherein said second edge
16 has a second curved configuration that is-designed so that

17 when said second blade is positioned in operative engagement
18 with said first blade, said first edge and said second edge form a
19 substantially continuous cutting edge;

20 ) a second connector positioned and designed to releasably

21 engage said first connector to releasably secure said second

22 blade in said operative engagement with said first blade; and .
23 c. a tissue anchor including:

24 i an elongate tube having a central bore, a distal end and a proximal end,
25 wherein said tube has at least one aperture adjacent said distal end;

26 , ii. an elongate member having a portion sized for receilpt and axial

27 movement in said central bore between a first position and a second
28 position, wherein said elongate member includes a longitudinal axis
29 and at least one anchor member attached to said portion; and

30 iii.  wherein said at least one anchor member is configured and positioned
31 so that when said portion is in said first position said at least one

32 .anchor member is at least partially received in said elongate tube and
33 when said portion is in said second position said at least one anchor

34 member projects through said at least one aperture and extends

35 transversely relative to said longitudinal axis.

1 38. A method of removing a tissue volume from a tissue portion using a plurality of
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markers substantxally along said boundary adjacent said location.

1 39. A method sccording to claim 38, wherein said positioning step is performed so that
2. said plurality of markers define said boundary in three dimensions.

1 40. A method according to claim 38, wherein said positioning step is performed so that
2 said plurality of markers define said boundary in two dimensions.

1 41. A method according to claim 38, wherein said positioning step is performed so that
2 sald plurality of markers define said boundary in one dimension.

1 2. A method according to claim 38, wherein said positioning step involves posmonmg
2 the plurality of markers using ultrasound i urnagmg to guide placement of thc plurality
3 of markers.

1 43. A method according to claim 38, wherein said positioning step involves positioning
2 the plurality of markers using X-ray imaging to guide placement of the plurality of
3 markers.

1 44. A method according to claim 38, wherein said positioning step involves positioning
2 the plurality of markers using magnetic resonance imaging to guide placement of the
3 ' plurality of markers.

1 45. A method according to claim 38, wherein said positioning step involves positioning
2 the plurality of markers using CAT-scan imaging to guide placement of the plurality
3 of markers.
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2 of markers, further wherem said positioning step involves positioning the three pairs
3 of markers so that markers of each pair lie on said boundary in mutually spaced

4 relation substantially on opposite sides of the tissue volume.

1 47. A method according to claim 38, wherein said positioning step involves positioning
2 said plurality of markers so that at least two of said plurality of markers lie on an X
3 axis and at least two of said plurality of markers lic on a Y axis, wherein said X axis
4 and said Y axis intersect said tissue volume and extend in non-coaxial relation.

| 48. A method according to claim 38, further including the steps of repeating said

2 detecting step and said incising step with respect to other ones of the plurality of

3 markers.

1 49. A method according to claim 38, further including the steps of repeating said

2 detecting step and said incising step with respect to all of said plurality of markers

until the tissue volume is separated from the tissue portion.

1 50. A method according to claim 38, further comprising the step, before said positioning
2 step, of identifying a tissue mass located in the tissue volume.
1 51. A method of removing a tissue volumne comprising the steps:
2 a.  forming an incision in skin covering the tissue volume;
3 b. providing a cutter having a first portion and a second portion, whereiﬁ said
4 first portion and said second portion are designed to be attached together in
5 operative engagement, said cutter having a cutting edge for cutting the tissue
6 volume;
7 inserting said first portion through said incision;
8 d. inserting said second portion through said incision and attaching said first
9 portion to said second portien so as to create said opcrativé engagement; and
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5 alignment with said boundary.
1 53. A method of bracketing a tissu_c mass in a piece of tissue using a plurality of markers,
2 the method comprising the steps:
3 2 generating an image of the tissue mass; and
4 b. referring to said image of the tissue mass, positioning the plurality of markers
S in the piece of tissue so as to define a boundary of a tissue volume that |
6 includes the tissue mass.

54. A method according to claim 53, further comprises the step after said step a and

Y—

2 before said step b of positioning the plurality of markers proximate the tissue mass

3 and generating an image of the plurality of markers, further wherein said step b

4 involves referring to said image of the plurality of markers in connection with said

5 positioning.

1 55. A method according to claim 53, wherein said step b involves positioning the plurality
2 of markers so that two of said plurality of markers are positioned on an X axis, twao of
3 said plurality of markers are positioned on a Y axis and two of said plurality of

4 markers are positioned on a Z axes, said X, Y and Z axes intersecting the tissue

5 volume and extending in non-coplanar relation.

1 56. A method according to claim 53, wherein said step b invalves positioning the plurality
2 of markers so that said X, Y and Z axes are substantially mutual orthogonal,
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1 60. A method according to claim 53, wherein said step b is performed so that said at least

2 two of the plurality of markers are positioned on an X, axis and at least two of the
3 plurality of markers are positioned on a Y, axis, wherein said X, axis and said Y, axis
4 are offset along said Z axis, respeclively, from said X axis and said Y axis.
1 6l. A method of removing a tissue mass and surrounding tissue volume from a piece of
2 tissue, the method comprising the steps:
3 a. positioning a plurality of markers in the piece of tissue so as to define a
4 boundary of the tissue volume;
S b identifying said boundary by detecting the position of said plurality of
6 markers; |
7 C. incising portions of said tissue volume adjacent said plurality of markers
8 substantially along said boundary based on said position of said plurality of
9 markers; and

10 d stabilizing the Uissue volume during said incising step.
1 62. A method according to claim 61, wherein said identifying step and said incising step
2 are repeated until said tissue volume is removed from the piece of tissue.
1 63. A method according to claim 61, wherein said incising step is performed so that said
2 incising extends in a second dircction that is different than said first direction.

46



9! wé] ' J( R+, HvOQRA#ES9; =>@BDEPI ?KMNRTX?[ ** ebgi mkn”psuvxz| v} Pﬁ_.;,%—sg o6ss d- €f

< " $&B+; - &0n2=58D; J=l @BZEFHPLMOR<SUSSVXY\ *_"bLeeei | | nCssvy{]~)18. 13 NOV 2002
" #$9%81() * +64.. | OAZRARGT Bbiding to claim 61, wherein said stabilizi - :

<= @BODEF T JKUVNOPORSTOIRY 2\ R Sl edar g 1 Rfilizing siep involves pylling the, o o
New RoizanAr i al CotissuevoNew/ifa Rosdiréony Wr dDocument
I"H#B9& ()*+,-./0123456789: ; .
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~
" #S9R ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

47



