¥ '"'
; ~e3enl k\|" 6Tl Kv mm~dnui An , "Ma2n=~z i ~t~essn , ~~ BACKGRClJND OF THE
IN\/EI\FI'I O The invention rel ates generally to a nethod and appa>~tus for
ener to shrink a hollow anatom cal structure %uch as a vei >~;
and j‘ﬂmﬁ l"l ﬁ“ ularly, to a nethod and apparatus using an el ectrode
devi tiple | eads for applyinglsaid energy. ThelhMaeh 20830us
system of*lanhe | ower |inbs consist: ~sssent| ally of the superficial venous

syste nd the deep venougySeh&H ecting the two
systeﬁ@”’lﬂﬂ"ﬂ ficial system. ngﬁluge at ong or gr eatmi]o saphenous

vein saphenous mmmoEMe,Edw,pAunmmmmmyst em incl udes the
anterior aspdoposterior tibial veins which unite to formthc~popliteal vein,
which in turn beconmes the fenoral vein when jOIned by the ~ ~ ort saphenous
vein. The venous system cont aﬁ ] -Nf or directing

bl ood fl ow back to the heart.=\ef e S y cuspi d val ves)
with each cusp 15 f Iy whi

retrograde bl ood prgglgm\g)nﬂ?lg?ggggt ﬁg&?lyeg@%glre ace gd?gt esggg%@]?ﬁget her
to prevent ret emg-lgydeshﬂmiwa«hbllbWanlatoamdalandctatdnwhasralqexmmndgn@de bl ood
flow to the_heart. W~ an |nco etent valve is in the flow path) the val ve

is unable t? cP@ﬁ@“Bé’dal%ém and apparalys peRg apbelectEods dayige having muliiple
retrograde floyg %galﬁ%ﬂgl%ty b~ stopped. When a 20 venous val ve
fails, incr eased ressute occur withi>~ .the |ovver venous

sections and overl yrrne hhhﬁﬁweﬁouw OEtie lleaeh lirgbd @oxﬁ%&éslsémrally of ghaM ar
failure. Two venous conditions which often result fromvalve failure i to

vari cose vei nssensafigigh éer@yﬁrpmmtamé theh derp; ‘@HO@(\%@m Wstbfmm‘aimgyvems The.
varicose vein condltlo i ncl udes dlt tlon[}aq ah ,

super 1 cial veFRREHng fe (a0 MBS syt mRlupdiide Jonk ogiesh at i on)
pai n, swel | NgsaphRAcRORHh Rhd %Etastabﬁéhoué/@éxhcoﬂﬁ d’e%F %n&kt H‘i}‘n@{)‘d

i nconpet ence of “one or nore venous val ves whi ch al T ow ref lﬁood
with the superfheczrmérmy&nﬂqmsteﬁlmrﬂbmiwembgdlwlnumtutodeap thwpmp.lﬁeaﬂ etin)x and
perforator reflux. Current rch 2002 2 treatpents of vein

i nsuf ficiency M&wetugrumoems %‘? A vedn when jjged, by g FtsaPRRGONS Yeifi on,
ang occasional |y, 40 SEARSOLCH! ARSAheImerblb gk Ol ARGt ploo

cauterization or coagulation”of vascu um na usl rrca ner

appl i ed t hr oughioanbazkas ticohkard eViesisus viives Qtg @dﬂllylewucmdlval@s | With e@blmdpl nto
the vein lunen and positioned so that it conta~.ts the vein wall. Once

properly pbdit ferrung amml@ﬁrefqurvpg fopplaod gvhieh, tmerereé@gradgid@od(m@sselée,t her eby

- or oSssect | oo it b ot o EaBRTpder o PEbveil RBUAaR Top OB %0,

in)) si ificanbloodemdGfiowsaly hxswgﬁﬁe Blo@dd]oﬁ»hfdlue hedrfe ificompetent
and~esults man effective f. 10 Irgation. Though not required for effective

ligation, the vehvc%IMElﬂqmpatboﬂw \aive iy upable spelose becaussythe euspstdornpti n a
full-l b t t hat d_t hrough t

agpar a'tj lrJn:nf grs é'lfj'fﬁlrpﬁgﬂf s%rﬁ?ﬂs“’&?@&% E}ﬂwo%ﬁﬁh&g%a%w &’QP ci;h eelnnr’i’aw ng
an el ectroge d%&h&ﬁ m\teaﬁh@dmeﬁeaséaesxﬂwmi pressire &mwm ﬁfé%w&men%h@ft :

| Sfromthe distal end to the proximal end, are electrical |eads. ~ ~ ~At
t he proxi mal eacbtmrhs ahd os¢rdfing tissues) mbsxmesﬂcadmgtm agditlitionglevabatlan fadtre.

connector, vil t he di E f the shaft the | ge; are connected to

the el ectrode d&A E@OU&CH%AIBP%%W Icgé%fw&d?ﬁ\‘é‘ YR Vﬁ’r"&xf?@ﬁ%”‘%@‘#ﬁﬁ%?’?‘&%e

between the |eg RF gener ator. The RF
ﬂ«g g?d&g égmﬁfbﬁgaﬁ%&ﬁc vEchgl? (ifi’éukﬁm?d&g

generator opera gui ~ttce a con 20 device) usually a
m croprocessor. . The varicose vein condition includes dilation and tortliq)sny of the

X
25  superficial veins of the lower limbs, resulting in unsightly dis¢oloration, pain,
swelling, and possibly ulceration. Varicose veins often involve incompetence of
one or more venous valves, which allow reflux of blood wi the superficial -

system. This can also worsen deep venous reflux and perforator reflux. Current
:
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The ligation apparatus nmay be operated in either a m—opol{ar and bi pol ar
configuration. In the nonopol ar configuration, the el ectrod~i.device
consists of an electrode that is either positively or negatively charged. A
~~ turn path for the ., , current passing through the el ectrode is provided
externally ~ ~ omthe body, as for 25 exanple by placingitHéMexth 2002 i n
physi cal contact with a | ad | ow i npedance pad. The currer']t flows fromthe
ligation device to the | ow ~pedance pad. In a bipolar cohfi guration, the

el ectrode devi cteeatmasts if yebf insuffiziency inohpdeowirgicdlyprotedugesdiueh as tveindstripping
separated by a dielectric materjal. Accordingly ~ ~1 the bipol ar node,
the return pat higasoneand aepasiogally, KKeinreeEMARt {IRBSPMMct r ode “devi ~b i tsel f. The

current -~. 3 11 ch.2002 r el ectrode ough .the tissue)
O e s b LERGERRGLl8 1 LR85 5F SehBHEn o Jaghibl i bst
tissue damage; djectfical-enSF ﬁgﬂgaj titHeBgh On ERBEr6d &eﬂﬁde@”AB'eFégtt%aUﬁgﬂc@Ys
overheating, a tenperature sensing device is attacn~d tolthe electrode 5
devi ce. The & enipaoducedenteths ivemn ldenenaad payitibredasd thet itcontgipisehé heih walhi t or s

the tenperature_of the venouys ti Srsglj?' The,ther.g)coupl e iht erfaods with the
RF generat or ardn¢sRropsily pasingred, RioerpreY Wepphsd to tisplsnime device thesehy cal

; | he L G _ : ; , .adi h
ontay appi | o PASHRAAE Bl osheRih oSS shetfonhCARRERE A rARAB I Bl "
The overal | ef f@etiong demtet&, a8 for @ahipdd frofPRaith 03.2ii8) tod (0®aanylent on

the el ectrode device contained within the apparatus. Mngpol ar: ~~d bi pol ar
el ectrode devi cugnifipantlycredpeasshe flowi of hlead theeughdahe vginanditesultssinapeftetivei ze

limt the effectivene of the |igati.n aratus for sever reasons. ..
F T stlyy a0t xigaion, o holieh pof e farcefeshve Bettion, dhe &@gfv 2y PRI at
only one i nt L '&lﬁg‘ [ TaY 'naﬁ{gtt L af ! 1.
As g resiL !to , t%ogl@gﬁ}ﬁieca? frg{] 0 Eﬁfgﬁglr“ggf“idg’gﬁ.{%ﬁ y co‘ﬂ ‘elﬁttpg!t?@(‘jw (\?\Af @ﬁ%

t he contacting theoughnthe seime) while the flow of RF current through the

remai nder of the venous tissud_ is disproportionately weak. Accordingly, the
regi ons of the vet faR¢ apRagatus fs pesfopming: veagus Hegationgneludesca mbularshafter rate

then other regi 0 vof . n.wal r J dn noON: UNi m
shrinkage of thrga%}@%'%lgﬁté%& @d}‘st%}?ﬁ%ﬁdea)%%ém%gg?m%‘ %9"*&3‘?“ PWJ" .
occl usi on nEsy bRomnAg Ak lehd 30 thel froximbIRAd, "B eR¢aTtal flally. A2 EProxiRaldAa! d
an inadequate occlusion RF energy nust be applied for an| ex~t~nded period
of time. Appli cefitheshaft, theleads tegminete stiarhelesitical xoppectore whilerae thet distal erid t he
bl ood and usual |y, results .in,a significgant anount., of heatsinduced. c

~~"gul um f or mi n‘bfy thf, Shaft e deaslsare ceecial do the elertrag devige: ﬁqéje%‘fﬂ
desirabl e. Secolghy | | ' : S} a
fixed el ectrode dev(inglfa&?)s‘ﬁeigﬁﬁ gg&?%@?gﬁegﬁﬁﬁ ésfgggédagje?ﬁggéﬁgndﬁgﬁj%%ﬂ%o
ligate | ~, vei mmhRFigegemtati dFtet RF geharator operates uader the Igyic%nmbm cordtgod t he
el ectrode %vi ca;can result 'in not only non-uniformshrirnkage of the vein
wal | as just’ de¥ciqydeualyy A MIGroRrocessoN-fi ci ent 30 shrinkage of the vein. The

greater the di amet erpf ;4 di0n\phikahis iy ¥€ofeRatkdh either a m_[a’nopolar and bipolar

configuration. In the monopolar configuration, the electrode device consists of an

electrode that is either positively or negatively charged. A L'Itum path for the

-1

current passing through the electrode is provided externally firom the body, as for

41

25 example by placing the patient in physical contact with a la f'e low-impedance
pad. The current flows from the ligation device to the lowr?:npedance pad. Ina

bipolar configuration, the electrode device consists of a paixgbf oppositely charged

electrodes separated by a dielectric material. Accordingly, in the bipolar mode,

the return path for current is provided by the electrode devigi: itself. The current
r

K
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4 11 March 2002 di aneter of the el ectrode device, the weaker the energy
applied to the vein wall at points distant fromthe point of contact.
Accordingly the vein wall is likely to not conpletely collapse prior to the
venous tissue becom ng ovex cauterized at the point of e|lectrode contact.
Wi | e coagul ati on as such may in~'~ially odlude the 5 vei h] Maoedh2@2c| usi on
may only be tenporary in that the coagul ated blood nmay || eventual ly

di ssol ve and t ifigwsgtdn PRt kicairbile, ABRIhgh etiSsAk Uan Riay ¢ js
an appar at us havi ng i nterchangeabl e gl ectr%ge %%@fbg@g”&@vg{@g?gﬂ%%w

di anet ers. Suclhargsdkletirods. however, is both econonmically inefficient and
tedi ous to use. Hence those skilled in the art have recogni zed a need for
an expandabl e 10 el dOtRrolget against Hssyp damagestirodcharpas) @UQ)FQ cautarization

di stributing ~F_energy.al.ong a circunferential band. of a vein I ere
the vern var| caigesioBriifed b oSl aPaRR jschratliodus Yesabdiher ey
provide nore p k&t i | MS &ﬁ, i b AL, Z1 Ng
Phefor mati on o Rea e aa ho aanl e FR Sy 0 MeclkSh i et Rl he 00
and ot hers. 15 tdmBoANARY HE vEhitts| tisENTT RNt HBrmedduple ametficas gathehaRK er ns,

the present invention pravides fm %p ara‘%us and net hod for applying energy
al ong a gener alBFYFraiof @ rORfreten ¢ B‘EH% ¢ shattand prgyides elegiricappignalate s of

. . . [ .
energy as such : r = . of
the. vei n el | Pl utich oo e teofemAaRCor it B8 ool BTG LrT .
energy to |igatissug(tirowdiomie @idctroti¢ detive,caccondiiglpes a catheter having a
sheath, a working end, and an opening formed at the workjng end of the
catheter; &3 inner - Fbeueralliesiseiivaness afiA ligatios apharatus is largely rdependent omther
menber and the _sheath.ar~ capabl . being 25 nmoyed relative.to one

anot her; a pl uF%Ffr? dgvigesch a,mquxgﬁfulne G aARALaYy ienape r"&ﬁg’,‘p‘ﬁﬁe&?ﬂt{ﬂdﬁl ity
of leads beingdeapg @ek dnt 'msraaeﬁaemgg giked siidp@lant BEzedinit Ble €NdS of
the plurality of | eads extﬁgﬁd odt of tshe 0 e%i ng gltdﬁt@ﬁneﬂ:l (;rzr?(lzlhﬁ%ﬂ{eend of the
cat het er when effectpesessiofithefigdting appemtis fohsevgest reasonne Fileilgcd figsedasize! ati ve
to the inner nepber, each |ead being faornmed to _nove the distal end away

froma 30 | ongFleaapdasevice Gpigaly 6 %trteh‘@l%wgﬁtaﬁ OWeWet gl ity of
leis are e)fgeng{é‘gumféeﬂce b imﬁ?@%ﬂﬂé inﬁ%ﬁRems%egﬁggﬁgiﬁgﬁgfb? tal

ends of thée | eads are cori~gure el1ver energy to

structure. |In RIoéeegy RIAGHIY cohcentiated rwitih k@ contdtting vRAGWRItisSud, Weililedas a
secondary | ead having a secondar{ di stal end. The secondary lead is coupled
with the innerfl9 cuggrithEawgh theneenaaindes|of dhegvesious HesuSdgondary | ead i s

ext ended out of,. the openin t he tking,end.of t cai het.er n_t.he
position o~ t hSISPFPS %Mgﬁéﬂagﬁéﬁﬂf%ﬁge Tty ‘?t}c])‘ﬁe o E’tﬂa‘f’?lgﬁe%? pynt
sheath. | n anobpgéntastRONipselat hTastérva@the® Bihef FeidisSdfahe QBidswa, rbfiringemds
are electrically connected to a power source such that the polarity o~ each

| ead can ba&0 10 nendunifhen shiiwiage of e eein tumens eBonthkampre, gheldwérati tstrength of he
plural ~ty of |eads can be connected to e.power source such that, the,

Dol ari 1y of -t ndt Geefiaituiinas 6 Biargate AiSe AREh mey SSpStaly Fopss L9 a6id e
secondary | ead ap lifhdRRRAE BECIAFRERY: enkf hERTR o r'xiei@ EQ6tBothi ch
general ly surrgﬁrlld tﬁlg&seccondary Iega at t%gal\ﬁgﬁtcrﬁgagndd]o &?he ca(t) eter.

~" he di stal endimeof Applidation pf RFeengrgyeasdsichirecréasesthedempengree of the bdoct al end

of the sec i~dary |lead and the inner nenber. In yet another aspect, the

i nvention conpPfdssu "&ﬂg‘ér‘%laéég"l"g?a“F AGauRLRf hsatigdness congylym (opming on
structur e, 2G0MRAd SkOthd AR lRHCTeil VhidHs hoPBERBIANT @ working end, wherein
atip, a port and an opening are I oca ea a e vézoxklng end of the 20
catheter, and the p@etondly,ithe tffetivensssotiailigatingappardtls Baving® fixed eleetrddron

| ocated at the working end of the catheter, wherein the port is |ocated

bet ween t he baldevisp inh@ited to eqripin siged vainy. Asrasemptiicsligated vainthavingtse sheat h

h th he if . h | e aof. bei
el ative to ondiehER S quBiially SR Rl ahaHe fefite AR IR S o
end, the plur aldﬂwn&{-uﬂfxiﬁﬁﬁﬁsmfﬂkagel _8f5meq¢!ml Wal1 W4 }Ddat a&eribai}%t ARSI RRL RS

that the distal €nds of the plurality of |eads becone ext'ended out of the
openi ng at 30he siwinkdgepfehalveifi. (Thefgréatert the diamentrenf thé geintrélative tostheoved
relative to the inner nenber, each |ead bein~ forned to nove the distal end
away froma |ongitudinal axis defined by the sheath when the plurality of

| eads are extended out the opening; wherein the distal end of each I 30

| ead i s capable of delivering energy to the anatom cal structure.; , In
anot her aspect of the invention, an apparatus for wi gating a holl ow

anatom cal structure, conprising a catheter having a sheath and a worki ng
end, wherein a tip and a port are |ocated at the working. end of the
catheter, and the i 6 ~ 11 March 2002 h




f
port is in fluid communication with a |unen; a balloon | ocated at the

wor ki ng end of the catheter, wherein the port is |ocated between the
bal l oon and the tip; a plurality of bowable arns, each arm having a
section, wherein the arns being capable of noving the sections away from
the catheter and toward anatomi cal 5 struycture; a pluralityq@iaréd 8637 odes,
wherein at | east one electrode is |ocated on the section of at |east one
arm and wherej.n the ectrode |s.capable of deliveri nergy.to the

Aot ot cal o riigEtPEefthe SlehEadrevict R ke R Blervein el o
conpassi on i s gén@s distint ftbl B bi¥int 8f &tdcheAvRIrlingfy the QeiviSvdN ik %ikeQ!th aBs €
toward the cathet~~. The application 10 of energy nolds the vein to durably
assume the coldospieelystodlapsei priari tal thy vardsetissee heeoming oabt gautsrizediat éba er nal
conpression. A taqurhiquet. can he' ed to, external,ly caonpress or flatten
Lhe. anat on cal PRIt e 24s SRR oY ARG Soqedistion % pcn ol g oobhde 1 1 ow
anat omi cal 5st rvedd, Wich od¢lsiph esGUSKly dRPlein®Braby if tiee tho bsaputiisal blodd may
exsangui nate bl ood fromthe venous treatnent site, and pre_ |~~lape the vein
in 15 prepar atavenfuplly gissetit ardithegrein pargalleepa: Sne solon [for hisotadeanpest ow

formed in the . LAl fachlj e an-' Lnhg of

the arl ~tom cal% gisftaph%%@% gg@gﬁ Elgeﬁéﬁgl‘%teé@etege?ghg%&%‘ﬁ%&vé lﬂggw r%f 1{%‘?”&ghot her

aspect of the Suehearsblution, koviasvet, dOboth scqiomitalBdnéfficiRacindtediobetongen bef ore

the application of energy, such that the need for an external 20

conpression by a t&g?nepgﬂ@@ %ﬁﬂﬂﬁdfl thes i ihaEg recgeie A BeSb T oRKPRdabloy s

also allo t e OUL dbFicd h b : . s

conpr essi \\I/@ touercnll%qggt rcra;s/ndrigt %Ig&g %éﬁl?ogf%gﬁppgiéégﬁ?lﬁgl\é\?%?%n%%yggoﬁu%i on.

I n yet anot hercimsméarentodl badrkof mvemtwiatlnwheae theexinbval ereaterig dianstatthae! y

i nperneabl e to, fl yi spgns the area between the | ead l.ong |tl.~e.

ci T ount er ence 3% SFE” GR0: S (FRGHY 01 080805 Sres BRO DTSSR ¢ hat

tha webbed covRthinFoflG@rkwhak eRRlirhizRW Wet BihatidhCol’ Bédl-inducéd kdadigh 2002

In yet another aspect of the invention,” a flexible balloon-like Covering is

| ocat ed on t helheanvention fulfidlyithege ogrelsiand sthers. t he concave side axtd a convex

side faci (r}% the working end of the catheter. The covering fill% w th bl ood

and expands. \Wen the covering balloons out to the dianeter of the vein,

blood flow 5 is stopped. In SOUMBMORKNOFIIPEINVENTIONI nventi on,

mechani cal |y bl pcking blood flow with the catheter is conbined with

i nfusi on of a hi gh-Bigfbaand & gengral termse the) pipsgntigyentionprpeidanhamapnasaayul ant .

The fluid dis r EN L f o site

and prevent s anaiaengd for BERY fistPuBRla g BriunBRAHE bahl e HRkn
wall. The application of energy as such results in a more uniform and predictable

20  shrinkage of the vein wall.

In one aspect of the invention, an apparatus for deliverihg energy to ligate
an anatomical structure comprises a catheter having a sheath, a[ working end, and
an opening formed at the working end of the catheter; an inner-member disposed
within the sheath such that the inner member and the sheath arg capable of being

25 moved relative to one another; a plurality of leads, each lead having a distal end,
the plurality of leads being coupled with the inner member s#a‘ch that the distal
ends of the plurality of leads extend out of the opening at the vaorking end of the
catheter when the position of the sheath changes in one direction relative to the
inner member, each lead being formed to move the distal ¢nd away from a

30 longitudinal axis defined by the sheath when the plurality of lea&is are extended



i

10 vein which is in apposition with the el ectrodes. These and ot her aspects

and advant ages of the present invention wll becone appar ent fromthe
foll owing nore detail ed descriptipn, when taken in conjunction with the
acconpanyi ng drawi ngs which illustrate, by way of exanple, enbodi nents of

the invention. 15 BRI EF DESCRI PTI ON OF THE DRAW N~S FI G ' 14k $usrcilbésy am of
an energy application systeu n wth a partial cutaway view of a catheter

showi ng both the working e and, t d and incorporating a
ot ef er red enbai i PRI HEMSEa b ASKFBHE O0ihe BUERE Contireg o deliv

Cross- sectlonaéne,\gﬁ,qg\/ﬂgganra{q,@mwrsﬁhagmend of a~ vrst enbodi ment of a catheter
I n accordance with the invention depicting the electrodes in a fully

ext ended position; IFla@thgnaspsctad thenidvertion, e apparaine indludps ersdcantlatyhlead i r st

~r nbodi t of, th t het 25F|GB
o o et e, £ ShfthSh AR R d 28 sedoSad ey Rburied waft 'S

depi cting the rﬁérﬁsérrsﬁl@ﬁ‘&hétnthél dﬁsué.ll hd' 6t ﬂ@cge@slndz@ﬁ IléddOisrbx'téﬂd&i ot 'o¥ tﬁe
cross-sectional view of the work a-second cath ter in accor dance

wi th principl ef&)e@mgtahﬂleuwm&mgue@d Oﬁg"p? (@themj whea the pesitiasuefghe inngr mgmbg

ext ended posi téh%[;'%es 1n§ne1{hré\é%r lth‘QZ[PFﬂle%heg Is an end view of the second
Ken' a

enbodi nent of I'nventi on ong I'ine 4a-4a of FIG 4; FIG 5is a

cross-sectional vidw ﬁfotlﬁd@easp@dftkbﬂgheeﬁﬂvdﬁfloﬁ hﬂlesﬂﬁfamcbnﬁﬂmiﬁtm&hds)faré he
catheter of FIG 4 de |ct|ngdstthe el ectrodes in a ful retracted f. 5
posi tion; FI Gelestiically copprete e@tnoa\f?apow%wcmth%heap@@ré%Qé,fﬁaclskewj5%%

cont ai ni ng gt hesvﬁﬂ:h@c?t\@fl?_r? &é: !éﬁ* ?ec\%&zﬂ ) e‘féc%%ié Qﬂgﬁlu'réflithP?e%fié LM th

thetomcal structure; ails anedwewo e "anatom cal structure
co pai ni ng t heconatdiat tertht pkwar siueee duich ¢hd ahGpolafityFfGhe Badgcan HdcHahG&El 7a

t hrough 7c are c¢ross-sect.ional ews of the ~atom cal structure containing
a catheter in & %Pgeéﬁﬁlé’é’fmetwli“ﬁ@ caBbaieAts , ~t of the invention and

depi cting the anat qqi gt hapeburiBe alfead’@ﬁﬁ&&ti% Stiafey 18dds! WAl @Enerally
surround the secondary lead at the working end of the catheter. The distal ends of
15  the primary leads are located between the distal end of the seco}:dary lead and the

inner member.

In yet another aspect, the invention comprises an apparatus for ligating a
hollow anatomical structure, comprising a catheter having a sheath and a working
end, wherein a tip, a port and an opening are located at the working end of the

20  catheter, and the port is in fluid communication with a lumen; a[balloon located at
the working end of the catheter, wherein the port is located beltween the balloon
and the tip; an inner member disposed within the sheath such that the inner
member and the sheath are capable of being moved relative to one another; a
plurality of leads, each lead having a distal end, the plurality of leads being

25  coupled with the inner member such that the distal ends of thé plurality of leads
become extended out of the opening at the working end of the'icatheter when the
sheath is moved relative to the inner member, each lead bein; formed to move
the distal end away from a longitudinal axis defined by the sheath when the
plurality of leads are extended out the opening; wherein the distal end of each

30 lead is capable of delivering energy to the anatomical structure.g ,

In another aspect of the invention, an apparatus for 5‘Iigating a hollow
anatomical structure, comprising a catheter having a sheath and a working end,

wherein a tip and a port are located at the working end of the catheter, and the

[

|
i
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FIG 8 is a cross-sectional view of an anatom cal stru~~ure containing a
catheter in accordance with the second enbodi nent of the ir~i ~~ntion as
depicted in, 15 FIG4; FIG 8a is an end view of the anatomcal structure
co~~ining the catheter taken along line 8a-8a of FIG 8;!and FIGS. 9a and
9b are cross-sectional views of the anatgpl structure contahmdigh b
catheter in accordance with the second enbod~nent of the invention 20 and
depicting the anatonjcal structure a rious. stages of ~ Lion; FIG
1071 ' oo ons-KBaERORER sorietirtoRa it Rieen aios ittt st of
catheter in acgonean@eew \tvnereltﬁethb gab%tnisl 10Batete BiicdeR hd BElIGsH AdPHRStp; N @
fully | extended position; a is an end view of the working end of
the thi ~~t entmdaiak n@f bcfwabke az&s cachh etmarhayiigen sedtiong wherein tigaarnBabeirg FI G

10; FIG 11|sa ssect onal .vi ew of .t he wor he thir
enbodi ment  depiPREhgT RS 0k U Rtiets TR SR 1 alield Fdcrofaed ASudRIGE ' 1,
is a CFOSS*SSG(Htﬂu@m?é a\pl@dligfofakcabadsOWhein stiedstibre Q@étio@efis REatedOnfthe
catheter of FIG 10 with the electrodes in apposition with thak' ~natom cal
30 structure; sectiomof aleatt gormyiagd wilgrein the cleewede seeaprblaaf delizoring t he
anat om cal sct het er of FIG 10 where the anatom cal
structure is beéie?r%ctg)%e ngg)rﬁgczh{;ﬁg&g%pl i cation of energy fromthe

el ectrodes; FI G 14ni snothedr &psets 6 ttho naventib@Wegkrmah cafpi@sioaals aiedt W e
containing the 5 catheter of FIG 10 with the el ectrodeslln app05|t|on with

t he anat oni cal ‘%’Pﬁ& &atge theyadl f ths veinrda collansp foveard Icp
reduce thegdi %F’r&?{l gé; ﬁ;{e{)\%}r{ R)V‘ﬂtﬁ%lg%éifn?e thh@chHEpsE:@Eﬁ%ﬂ%?ﬂ?tdcﬁl@vé’cf

energy fromthe e ate the structure; a side view
of anot her errtmchhamnallpbyﬁmexmmlmod@rasabhmemurﬁﬁluuaaanﬂ:@ wedal dxdemalind a
coaxial fluid channel arti al ctional éi ew of fhe

bal | oon and ccé’fflPé‘t‘sérorélfz“ﬁ‘i‘ &le ﬁ@t("?ﬁ‘lc SUIpIYre aa H}lt@ L tedpg B ARDFEnCbf an
anat om cal s Ite HoWb® &RMéAicH BPudRel Bk KERAMH Hﬁmedof)y tda@ &@hid@ketaavi ng

a ball oon and bo~l ~rable arns with 15 el ectrodes: is a S|de vi ew of
anot her enbodi mmguufateahloed gieam ghie vcmuseit@tmhmslm aad qmw]namgths p&imimg t he

spl ayed | eads of t ctr d ut cat ete nd Fl.G, 19 is a
e Vi ow g1 ANGRFRIOTRBSANAGR of RHCT i sl asDhd o sty e

bal | oon and a teamijuat cefnlwlsie@ttafaeﬂaltate tltfasodfd infigihgofdiee Mia&%l@&l shetuger
enbodi mrent of an t~ectrode catheter | having a l%al | oon and a coaxial fluid

channel ; FIG being tgeageddhrqugh theewidewsect i onal si de vi ew of anot ~~r
erbod e of 2, © Sk el oy Do, MBS AL SUPEELAGIj e 20
el ectrode cat hefirerbefifre Fh&. applicationaof esnpeyyd estick othai theomeed for an external
20 compression by a tourniquet is not required to stop blood ﬂoviﬂ; This also allows
the vein to be occluded even for the deep veins where a compressive tourniquet
may not be able to compress the vein to occlusion.
In yet another aspect of the invention, a flexible covering, relatively
impermeable to fluid, spans the area between the leads along !the circumference

25  of the catheter when the leads are extended out, such that the webbed covering
|

(

blocks blood flow within the vein.



[

D TAILED DESCRIP O OF T BO S Turning nowto the drawings: with nore
particul arity~~vherein |like 30 reference nuneral s indicate i ke or
correspondi ng el enents 4anong the figures, 11 March 2002 10 r shown in
FIG 1 is a catheter 10 for applying energy to an ~ttatoFicaI structure
such as a vein. The catheter 10 includes an outer sheath 134mtmdoge di stal
orifice 14 at its working end 15. The connector end 17 of the out ~ sheath
12 is attached to handl e. 16 that .includes an el ectrical gonnector ,18 for
717 %rfacing wi t Anaehaneeizaspeofdhe invertan. Sl balloon ke Siatiag i cr o
rocessorntrol liggat@Bon TREcd&erY hiving Rpdfind® t2theZondR ePNEEnd 2 ¥bifex24dand

m croprocessor 23 are usually contain~i T'n one unit. The -controller 23
control s the poeieg thouwedkimg end afetposrtietero Breeconating ofiirvdth dhudf andat a
froma sensor)_suc a .t hernonco e. located at an itlumnal, v us

t r eat nent sité*pWhSaﬁ@FﬂébeSﬁﬁgﬁgiéh??“ﬁﬁéﬁhﬁﬁﬁﬁ?ﬁ e%%ﬁtﬁﬁw?%hkgggﬁW’power
out put so thatisaisppetat ed tenperature control is not present end the user

can manual |y adjust the power output in view of the tenperatur~~on a

di spl ay readout. i .InTi¢éarethereaspect b thinvertion, arechapestiydtpeking blord dlav devi ce
24 ~artially Q) B?e% 1N out . of ] nh .way of
the dista~ pris‘Pll ce elcti?. rgP é‘?@é F%gg% gﬁséogl ?é\a{;ﬁ ggg@%ada%f;g?%@ 'él[)%/le 21?6 id'

el ectrodes whimby aBy e aaxpecskpdlapy Theviluid dishiaced ey f@mhgﬁbwddrfrchhehé haft,
or by nmoving the outer shaft relative to the electrodes.| Although FIG 1
il lustrates a YnQyuireatient sits and: preyends enprefrom hyjng dissipgted aveaytfom the

el ect rode)18(c)li ffef g,g{c\%q% ﬁf@?ﬂﬁﬁmhﬂéjﬂ%}(ﬁ%zw ~',1h be described for the

cat heter. ntaln e outer sheat is an inner sh ~ ~ 28 or

i nner nmenber. A fl ullbspant Ghercanpaetniandt bvamfapds dhehd pteséntoinventiont wdl out er
sheath 12. The catheter |0O.can_be, periodically flushed out with saline ough
Uhe port 21. THRGOF GORFSEL PR hechlioning, more efialeh deKEr iR orheeriskeh imng
tinner sheath.colfifiction PRIt @ SRcBMpANEng Uratvhis dGhicke st dTy0 waljepapi es.
Flushin ~ out the catheter prevents the buildup of biological “fluird) such
as bl ood, witrexample ambedigrentseof ththimventiwt nent area of the hol | ow anat omi cal
structure1%uch ~~ a vein can be flushed with a fluid such as saline, or a
dielectric™luid) in Wder to evacuate blood fromthe treatnment area of the

vein so as to prevent th@RIFFDESCRIPTIOAOFUNHEDRA §iS. The use of a
dielectric fluid can m nim ze uninded heating effects away fromthe

treatment area. Thd'l§ el detar diagranyiad Yr evergy : anphisatian pystem ovitivm ppdiely fr om

fl ow ng anay f i . . | ment,
the catheter 1%&{0?1%{\5%%2%2 c%%#gﬁsﬂ e b egtllY%g% gflgg g%d %r?dskglcsgﬁ%ﬁﬁgé)g e

out er sheat h ldddncbrpemtngapsfardd emibodiratming themesxt mveitidnhe outer _ ~
sheath 12 hefore t jnating at the guide-wire port 2 f .th~~handle 16. A
guide i wiTe can bgl'tllg’]h S A FESE-SE¢og8 WCW%%%%%‘% e‘%qg%é)?:'gfsﬁéi“g?dlwﬂb or
use in gui di NG tNStRIEAREGHatR Wille SRV ERRntdBRIAE Me abétﬁodemﬁ?ul‘l)he

catheter is i~ized to treat snaller veins, the outer dianmeter of the
cat heter may rextended position; a~~l ui d flush between

FIG. 2a is an end view of the working end of the first embodiment of the
catheter taken along line 2a--2a of FIG. 2; (
25 FIG. 3 is a cross-sectional view of the working E‘end of the first
embodiment depicting the electrodes in a fully retracted positioh;
FIG. 4 is a cross-sectional view of the working end of a second catheter in
accordance with principles of the invention depicting the eleetrodes in a fully

extended position;



the outer sheath 12 and the inner sheath 28. However, a flue flush can be

i ntroduced through the lunen for the guide wire in such an ~tnbodi nent.
Referrin nowto FIGS. 2, 2a, 3, 4, 4a and 5 the o ~ ~ r sheath 12 includes
g, |~ 10 a shell 44 and a tip portion 46. To provide an atraumatic tips
~~or the catheter 10 as it is manipul ated t hrough the vei n}1 Maech209246 i s
preferably tapered inward at its distal endor is "nosecone" shaped. The
tip 46, however, caj~; have other shapes that facilitate tracking of the
catheter 10 over a FlGdé4a v areendaviewoefahe sévont enbedimerit e tiveinvemioraaken ar
system The nosecone-shaped tip 46 Ice) for exanple, be 15 fabricated from
a pol yner havi algng lingf4a- @ﬁ)ﬁgf-e‘l';, such as 70 Shore A T-lhe shel | 44
conprises a bioconmpatiblLe nmaterial . havin ow co~' Picignt of friction. In
one configurati on) ?#é gﬂﬁ gprogﬁ-égqt}pnibvxlcg/%ak}tbgaloglgngiepg\;gﬂ}ﬁ $6CON% enous

| umen and for | n ; ~.1ds to
a di aneter of etB \;\l@g’rf]‘e W[&m%a?gé‘%l‘;% .gnﬁengtlgfg%ﬂﬁ?lfgfgﬂ??ﬁ;l?%gﬁﬂlg? ﬁt(raarCtil z~,
as appropri#ft eposifiod:he el ectrode device 24 contains a nunber of | eads,

i ~El udi ng insuFat ed primary leads 30 and) in sone enbodi nents, a secondary
| e~~, 31. Preferabl FIGt fids p srass-segtionebniawcalfeam angtomieal somewre cemaisingahe F| G

- : , i r ired.
Ntormtely) atangensfEid. 2l GefRnparth Bhaditd E»E@ﬁh?ﬁnﬂ&%ﬁ‘s’wrez
polarity, as well agiGOB} iin MdGewidrahashfomial ﬁﬁﬁﬁretdaﬁfaﬁﬁg\gﬁgétﬂ&ér the

el ectrode device. Thus the el ectrode device can opet~~te er a
bi pol ar or a nakepalang limenda-GrofFI@n6; When adj acent prinmary | eads~~0 have

opposite polarity t | ectrod evi ce 24 operates as bi pol ar electro. | |
~ device. Hhen the E‘fﬁﬁa?ajmreﬁésg%reaqreswﬁﬁwf yle&ﬁaﬂfgs@mqﬁ@n@nbsws

devi ce ~24 can o t ' { '

leads 30 ark. OBERENFs Ende RO Ahel WIR OOy SRSchnentdf by BFafid Bl
polarity, the a%;ﬂ@ﬁxﬁg)_dﬁ ARwntiealfruefieé at efrious stigeyofiligdddpch 2002 as ~a

bi pol ar el ectrode device. The enbodi nent of the i nve~~ion shown in FIGS.
and 3 depict an el eFi@o8ds derasssedipnabviewcpffapianatonioal rsyrubtus: Gmntainingen
secondary lead 31, while the enbodinent qf the.invention.shown in F~~S 4
2 5. depi ot - aFABHEE{T BGraRDGF SATHE SRR SRS of U, FHERPH s A9RIcieR B | ¢ 1
| rpntion igsnofhigited 5 to four primary |eads 30; nore' or fewer |eads may

be used ~~ either émbodi ment. The nunber of |eads can be dependent on the
‘size or di aneter of FlGe8hd dmendaviewfithabhnaomical stnetire containimgnthedathietes

apposed el ectrodes could b e i thin certain distancel of one another.
Lar ger vessel stag‘ﬁS}af%li"FeeE%ZE&géFﬁ;pgﬁWry | eads tc ensure proper current
density and proper I ¢ I _d0. ! q&gﬁ : t he
| eads 30, 31 may be??gtgl 9% g{l/({agpg%é %ﬁ%s %?g%%? Vlie‘ﬁ‘zs ,égght- cgggglscg&rfhe

conductive wi r eonthiniighthefdatirterdnatiqodme with te sédvvidrenbodithédt.of e Meentiond 3)
the el ectrode 34 has a hem spherical sh ~ . In a second confi uration the
el ectrode €@n ABd depicting theanatpmigal| stRICHrg atyaripug stagesso on; gy ptics p

Chape whi ch' 15 can B0 ST asiPor 5% R by ahnEhERRs REF oL e cuPRiREy
m~i m ze its prof alcathet®in bbeorifice wit ihepﬁ@moir fd@pi@ﬁﬁ%ﬁfc%&o@és £yt her

integly formed at the distal end 32, soldered) or otherwse formed to the
di stal end of estehded positign;l ead 30. It is to be understood that when the

di st al d 32 i ti | ect thjB. i t limtedt
Where. the. el 6ot r ode P 108 i e UPMPTABY WEEKIAE SRhet 6 RS pRPODHELS! oy
exanpl e) the dh%g{e,mn%ﬁgwyy%emr 1G.19: t he surrounding tissue where

there is an electrode 1 nteg orned at thé d' ~jtal end, or where an

. el ectrode is separal@Gy 1$ad$ derse-staionhevidwsifahe eotkinpendwbithe thirde i s
anot her energy delivery device |located at the distal endl The el ectrode 34
~ ically has acHbagineit dgpisting the ¢legirades inya St wetragted PAENARY nary | ead 30. r

le, the 25 pri . - . ngf : ~
exarmler e, 25,71 G 1o 10d AR e R T B B B
of 0. ~~ mm (0.cRdéterDf PIGt 90 Qvithltherdldcttoletlini appdsitid &vitRthei@darorhiealds 30 and

the electr ~ s 34 are preferably ,., nade froma biol ogically-conpatible
materi al sd@h atruemzeinl ' ~ s steel. The insulation surrounding the primary
| eads 30 generally has a .~"ickness of between.30 0.03 nm (0. 001 in. ) and

0.06 mm (0.0025 in. ), resulting in a conbined | ead 13;, 11 March 2002 5

F_M_
|



A
10 15 20 25 30 insulation dianeter of between 0.23 nm (O.| 009 in. ) and O.

4~~ . mm (0.016 in. ). In an alternate configuration, as shown in FIGS. 2
and_3) each-~;~imary lead 30 is strip-shaped with a width fromO0.76 nm
(0.03in.) to 1.0 (0.04 in) and a thickness of approximately 0.13 mm (0. 005
in. ), while the ~~Condary lead 31 is typicglly tubul ar-shdpedarch 20&houl d

be noted that these dine~le~ions are providéd for illustrative purposes,
and not by way of

distal end) as Por ;@éﬁie@%%gﬁé“@gﬁ‘ﬁﬁéﬁﬁ @%L%%%Or@ggﬁﬁ%ﬁﬁe?%g%? e’ ¢
di t h ' ' I [ (R2 j | ead
30 The. el ect 1 ot Bk EEREE hPaletiniafuflen e i heing kB B 'Y e
or confi gurati ogprliciid beerePs\ o the clek@bdesThe el ectrode/is integral with

the lead) and the remainder of the lead is insulated. The distal end 3 :' ¥
the secondary | ead 3EIGr kEf israadrbss-sentidnad ¢evwaofmmanatdhicakgfumtire alohtairdha phed
electr ~ ~ 35. An ali t device 36 arranges the | eadsi 30, 31 su , that
they are nouht etRthgieR &ggﬁgth@e‘f’@ dméoigq{{%glesg Hb?RPOW‘SRi‘W&lt gatomigal strugture
separation is ! i ; { £ hi

al i gn~er ~t dev%&%@éﬂggﬁ%%l@g?%&?g%ﬁ ng/@r@dl\llﬁgge %@é\@éﬁégﬁqﬂ gow

al i gnment c~vi c@ructurerrf@e tiedapplioticiisfdnesty Pémtthe ertbirodu§rotligdevthee 36

includes a plurality' ~ 'f off center, axiallyaligned |umna 38 which are
substantial |y s$tratnel cal |y posioned relative to the axis of the alignnent

device 36. The alignggnt, device 36 is~~orned .far exa | e) by, extr di ng the
plurality of axiall yl?&?.i ﬁ'écf Y HY %@nf’{“%ﬁmpc@“&}ff’ﬂ?% £ c%"#ﬁosed of
a diel ectrim mggiihdh bhilSotFihds cORiN Adidlehankach dad 30 passes through an

i ndi vi dual off center lumen 38 and exits out the >~~r of the alignnent

devi ce 36. The al i gnRKht 1&dis\ai pactid &rosyseftionaheiewi ofcthe delleont aml cdthewemofARG. hat
may be aligned with the axis. In sonme enbodinents the ceral lunmen 48 is
used for accepti )g a guide wire or for the delivery or perfusion

ol t ~edi cantand cool g FOlUdBA.&BibHE vIhPal PMuah iR SHichild caRaldigat i on

of lenergy. In other enbodi nmen central 'l unen € ‘use r the
sec ~'tlary | eaghoifler ehfittodahéntomeins callatercitavfy baloaintoliadle iriklwide an
auxilia linen 47 for additional g Y ry |leads, such as thé |eads of a .

t her nocoupl BS uselgcsedes; t enper are sensor. The alignnent device 36 conprises
a dielectric materialk, Lo, prever~ t or. mnpimnz N ~ . 11 rch 2002 4
coupling effect the *; {a‘f&d@oﬁ&S"?ﬁ‘”ﬁwﬁ?&e@’%ﬁﬂiﬁ"‘_@&%ﬂf 8&%?1«%{5@!\4&?&&%?%%,[,
the guide wire. hﬂ_ﬁﬁ%h%aﬁérhlg(;s‘gaﬁﬁlﬁ A PHRA NS OF AR didotrdds eRéAded diftdthel 2. 5
mm (0.5 in.) to 19.0 mm (O. i n.% in one enbodi ment. However, a dinmensions
are provided foeathetepands of illustration and not by wayj, of limtion. 5 1In
t he enbodi nent of thg inyention sho in.FIGS =~f 2 nd.:3, the inner
Sheath 28 15 at tachofiGold R Sy BRfMandier EBoodmeAfiofRH WiRtiScsalfiRy  ne
rear 37 0~ e RhVifEADAlOSENALCE codRid TRiiPBRAMnelt Ne i nner sheath 28 conp~~tely
surrounds the extertor wall of the alignment device 36 and is nounted to

i ~j by adhesive or prEHES. 20 s axidd viewt dfaanothenambodimeht ofart electrodenatheseri n a

fixed position relative_.to the inner 15 20 !
P Laving a balloon and a coax?al ﬂ%l?d channel;

FIG. 21 is a partial cross-sectional side view of anotﬁpr embodiment of an
L
electrode catheter having an expandable section; and .
5
25 FIG. 22 is a partial cross-sectional side view of the efhbodiment of an

electrode catheter of FIG. 21 in an expanded condition.

DETAILED DESCRIPTION OF T BOL S
Turning now to the drawings with more particularity_r,i%vherein like

. . . |
30 reference numerals indicate like or corresponding elements @mong the figures,



25 30 sheath. The inner sheath and alignnent device can dct as a i inner

menber relative to the outer sheath. The inner sheath 28| conprises ~t

~bi oconpatible material with a | ow coefficient of frictipon. The inner shea
a; ~8 provides a pathway for the interconnection between thhe | eads 30, 31 a
"the electrical connector 18 (FIG 1). Thlsginterconnect on1hthD2Qm& infy

of several ways. The | eads 30) 31 thensel ves’ may be contjnuous and run

theptire Iength of the inner sheath 28. In the alternative (not shown), the

posi tivr char gestowaddFIS0 ! i3 cathetarollbios applyingeeneogytmarpsnatommica! smmmged

conducto ~ oused in the inper sheath 28. Likew se, th ggat i vel har

| eads 30) 31 .~stuct;@s19|V@mM he satbeernd RRlydasianouses e &Ww&g@fiﬁ@ﬁwl lt%

| eads 30, 31 a e t | - the
| eads o' be swi FEHaR MGILRLEET SHE cBhndeit srR 7 S Qe 12 e
copper |ead w tf phahdle 16/H{a?ld&ﬁ1&s§9%léc&%al I&ﬁleewnt;'fael g With 3 poWs
point within the inner shea ~ 8. To reduce the amobunt of [ w re tontai ned in
t he cat het er5, idource Zﬁj\mpltzigemuRFgetnemmrpland ameictoproces8ijcofitrolér 2heThoi nt
where the leads exit the rear, 37 of the 2 ent device 36, i; , .To_add
further stabil iRGVEr§OUIGE 22 A RisHRPTeRssie2Hare yspal containsd in one wnit.¢ Fhe

{1 goment - devioBfOUEt 2f RELIL UE piRorh 2hinTherine %%92%@5%#%&&%

the distal ~ifiduea frémPs sérder,Butiehs aitherhRablpld 2ocsted at 4@ mhingkvétods over
the alignnment device 16. The inwardly tapered tip 46 inp des the retracting

movenent of thetremment%atln apothen emb@dlémntlthc neereoapcssls:r:e oonstam paweynnent
devi ce 36. ~ 1\&&/51 rch 20& 3 hovvslthe | eads d31|nthe
retracted pd ~ Qljé?‘tfrf’0 ghrauiomate éﬁﬂ%ﬂ?‘}“%ﬁi%!“w #5104 ptrﬁsémh H’éers??a‘ped tip
portion 46 and t t ved
relative to the&%ﬁlagy a?%ust@s%dwé%ﬁﬂgn '? lér?gg%@gn%ﬂg%%@? ég aﬁ@g@f@é&@l C
tip for when tHEhecaitheéretO inchries ur erphridable efgetrode Itlevxt:@&ﬂﬂpnrﬂaﬂ;eﬂm)ahat em
The el ectrode at the distal end Q' the secondar | ead 3% can be sized to

appr oxi nat el y tRavesdp@nd optoftheiqigersihasth 12 by way Qf thecistalonificentk o Thoie 46.

The Secordary’ Pl ORE IS BN sk Pekerodes yipln it e HnBLeR, L0
sheath of tf®e cabliakhe clbbirsdes WitHh BfesHaftd Br BY nidviBd the outeraheR rytagveihe | =
10 nosecone is not constructed froma material having a soft duneter.

Ref erri ng now teedtradss. Althougls FIGn 1 dkestratas @m@éﬁt}' of eleques nerramndgmm‘ent L
device 36 is attaghed t . sheath 1 t her ebyl.rem bi.l.e in
relation to it. ‘ﬁECFWhagret‘%"ﬁ@g?’h 15%rq I‘?BVQ%‘? 'c%‘fatqoé‘ﬁ {@F de%@ﬂrforof t he
al i gnment devi ce 36thafagd, @agai n provi des a pat hvvay for the''in',- connection

between 15 the primary | eads 30 and the el ectri cal conneptor 18 (FIG 1 ~, ~
I n some enbodi nent Containedrmighinghe auter Sifeadol i ansinaeryshiegth-28 orcinherbe ~_~

that runs the entire |en he i nner shea ui wire tuhe 49 is
aligne lo cﬂ)nnuﬂf' %g‘h‘gtﬂ%t ?ﬂwntcﬁﬁwlﬁ‘éhﬁfn@% ‘Sﬁ QHieR gD ?%e 36

at one ~#ld an %{:&l t . The
primary |ds SOdTn%!yE%h&%ugg% Se o%‘gdlgﬁgtfrl%ﬁeé Ele"%elht%l)s?@el nglgft1 tﬁlfb? he i nner
sheath 28 o~~~hTke ﬂawnbgﬂomxrﬂnechvtebbawmmd mad&hemhmnduhmhmbysmanmt&m

The primary lea ~ ~$0 are secured to the front end 27 of?t he i nner sheath

28) as for exanpitealapaows ferotheidliveryialidrag tstapieso Flushing|put e valhieler of the

e 3B 2SR e R BTt e or ™

enmbodi ment , 24 heTR¢ tre@mént S@ﬂ%f%é E’dlﬁ:ﬁ‘@ﬁatéxﬁ&‘elf ﬁﬁx&t&etshéhidwaﬂtcaﬁ’%' ce 36
and in essence are free-floating leads in the axial direction. The . nmary

| eads 30 traveI flughed gjth aﬂmcbiucgramsahn&iewmcxhdﬁﬁnarfbudmnt@l‘dﬂrtol@gtcuaweble@t al
orifice 14 as e front end of the. inner sheath 28 is nmo ved t q(%Ward t he rear

37~~ the ali gn A Yejfegumeyy area of the ygims0,3s{o prRysnYy e formaton qf raagip of
embodi ment s) th&uﬁ&lbaatyrhﬁere ﬁgd?erl&- QR caf- mﬂum&e%hgﬁtlstgftm% effeftsnOVe

away from each other and't y av0| cC ~ ~ ortion"
of the prinary hwayfrofDthesrdatigemaréa. oﬁh@ﬂxetdomd faid pneventsaheememdﬁlm om t he

front end of the al i gnnment device 36 when fhe |eads are full~" extended
t hrough t he3® derargy tom flpwingiaway fromsthe veimg¥albd t hat the distal portions
42 a~'~ formed to nove |I' radially outward from each other relative to the

axis of the a~~gnnment device 36 and forma symmetrical arrangenment. This is
shown in botl ~~the enbodi nents of FIG 2a and FIG 4a. The degree of arc or
bend in the prin~xy leads 30 may be any that is sufficient to radially
expand the | eads as they exi~.the outer sheath 12 10 thr[ough t he di stal
orifice 14. It is essential that t he degree o~ the arc or bend be

suffl CI ent to prow de enough force so that the pri mary IEads p expand

I ”~ A ) I B 1



rably is
ad to spot heating
stributed along a

;, the electrodes in contact with the venous tissue pref
~~ttfficient to avoid a high current density which may |E
of the v~~ous tissue. The heating effect is preferably di

circunferenti~l ~ band of the vein. 20 The apposed el ectf.odes shoul d be
spaced no nore than 4 or ~ ,mllinmeters frqm one anot her! all bMgrehh2002
circunference of the vein. Thus, the ~pctr (lje arrangenent is related to the

size or diameter of the vejn, bei ngBtre t ed. ~~(§her properties of the

primary |eads 30, sltAnasmpedimeshdpe cathster AQ includes mﬁgh@h'b‘?&m&ﬁ@ét t he
f

push :, force qof .t f St.. ] to
conpensate for %%lpﬁ)eé@ﬂggg{ggP@éﬁﬁiggégzﬂ% Sé'%g‘%ﬂé?%}}gﬁ@g eg%ﬁ"g& @% og‘ Tt he

el ec. de devi ce ' i AT i 8&. L 00, i n)
and - 25 mm (oG 12 Phiore RAIAIRG, & URTBLIEE uite Dt B0 O (IR, oo "
mm (0. 002 ~ , n)witeocdh HeSintmodgdedabfouigh)the hinsencefcthe cathetet 18tfornsesiauilingigiee t o
provide suffi~~~nt apposition with the anatom cal structure. It is to be
under st ood PhatcathRes &0 Bgrfiesisedhifeatieat sifeov WABEE e criietar|is gized & ireas spakieroses)

d b folmtati On. . ~e b L7 .~ 2002 Qt h '
For apandi e viins, W Bltnerer of i cathefes sy Billo & E aTlg kG EHVER 1 1o
wor ki ng end of fdguePdHRather2 ARy theeneSheatly28: HSWed¥ A BlufRt flbdlEcan@RdS may be

straight but are nounted in the alignnent devi:~~o at an angle such c that
t hey are nor nalintyodiicedt threwghotheimmen for the Buidei wice smsusht anpgmbaodimental f or ce,

it is preferred that, =~ .prinmar d 0 be,sirip-shaped). that is,

rect angul ar in cros eEﬂéEB%Sﬂ)" %}l’tlﬁ%d;i zﬁs?n s%a ?‘E‘rieﬁgﬁﬁg s ?ﬂ‘hg\’fﬁc&{ﬁsfrom
0.76 nm (04830, 0 0 039 Fa) ' i y
0. 13 mm (018os #isel 44nd 2tig Borkion A3 Tprovidl & AbRENRSD Rl AOBLENLTRS &
resi stance to lreischangpulated kierougidtie \tﬁixmsths'lipm&ilprefmwl)bﬁ?&iedgnmat its . 10

freely in the thickness dinension. This strip-shaped config ~tion of the
primary. | eads d8taliead 9 dvnqspcaneGshaped. Jkhe tigh46,3howryep: ¢aflinye ofhsr shapes ~

bendi ng 1 t hetnatfrdififs PARI of ht Latnbfap (Hdvess Bhida Wl a&fﬁsﬁfa%e # B,
| ead conpri ses jRtHeodnas ¢4s061ar SRE4rh OITHeIo8érle ishaped! i) 46 Bart, ot SN, Rt er

such that the thinner dtnfpsion of the 15 rectangular crpss section is

al i gned wi tlf t Hebritiateddroron pslymempbaving @ foft durdmeter, steteas éd8bomsre Moes
likely to bend si s _when expand o _~ ~luyar.d nd a.uniform . spaci ng
bet ween | eads iSEelﬂg%,‘\gXlgggfﬁS@d‘?m%?{P?%?% g‘n&tfaaﬁéa\ﬁng ﬁiﬂ%t"@%ﬁ“ﬂ‘ qulgloﬂeati ng
around the venqygnt 8 rdYHIC ihd SutePsiRABOES Il s@i%d%tﬂl‘iviﬁ{iﬁﬁf‘\feﬁ&%sluﬂen bh®
distal ends of the Ieads. 20 The length of the distal poftion of the |eads
30 al so a~F~ct ot ¢rampde friay becketweencf andh @ Peélmhtwhdtmdmdsggvdszto aHiametexofrum
mut ual | y opposed el ectrode l.e the effective diangter device 24) is
2T footed byt noeBEAF ibgiBaotdn) %%.Rrawﬁrﬁemgoﬂ@eﬁheﬁ 294 A5 APPFPPEIRLE, he

di stal portphon 42 t i L : nagQpi ng

t he di stal 2|ct))orti on 2@“’%‘5&?‘%’2‘% d%\ﬂge %gtc ﬁ@%@?%éﬁbaeﬁ%ggéag%%@g@}}n%n@m use in
stntctures. Di fprimarptieads3Dand, if sonteeiab@fimenis, & secohdargripdd 3 kd Preferably, efe

|l eads 30) 31 is limted by the diameter of the ce between two the el ectrode
al portion 42. loads agg cmeetag te theqrawsgsourcp 22r(K1Gr b sichisbafdhe polatityafdhoni cal

| the catheter 'leam?ngye@et sxgl?c\f\ieﬁ %s %Qsif:’gaq Alternately, a microprocg8sor controller can be

4

I

used to switch the polarity, as well as control other characte%i'stics of the power

25  for the electrode device. Thus the electrode device can operjite in either a bipolar
or a monopolar configuration. When adjacent primary leadsil%ao have opposite
polarity the electrode device 24 operates as a bipolar electro e device. When the
primary leads 30 are commonly charged the electrode device 24 can operate as a
monopolar electrode device. When the primary leads 30 arg; commonly charged,

30 and a secondary lead 31 has an opposite polarity, the electroh¢ device 24 operates

Wil



30 the number of lumina 36) 38) 47 that can be extruded t-hrow the alignnent

J 1 ;; 11 March 2002 18 ; device. In a bipolar configuration, an even
nunber of pri ~ leads 30 are preferably available to forma nunber of
oppositely charge j electrode pairs. The electrodes in apposition with the
anat om cal structure shout ~' be maint ai nEdIZ\;thi n a cert alhMareh202e of
each other. In a nonopol ar configura ~' ~. n, “any nunber of 5 conmonly

charged | eads 30 can be present. In the nongop~~r node) djstribution of RF
energy t hrough asiebipelar GEﬂCL{Qﬂe fleyisere Ths egbodimand of ghesinvertion shewmin FI&Sk ‘f or
current through t ti.ssue b oyi di return devic ~=~ a poi nt
external f ror? 3(“9238 eRict AR elg%/}g%[eaievge{% @aé”%tloélf Pblé%ﬁfyﬁg?s pgfaélfirgl S6EondaLyY n
to FIG 1, an : o) : IS 1 Breed € e
24 1 hrough ¢ he (Ghe bt Vo ROTRGGHigR e RN Ao ShdhF i GRS O ph o efiet
switch, |ever, déveddaidviverddialvingonly four srimsry 18ads. ~The in®eRtismia ot [Mnikad .

i is preferably one that can provide fine control over the no ent of the
outer sheatd 120dput primarilgadsB@ameree, feser leads srydertsgd -{naelthem embodiment.
enbodi nent of the inventign),the.actuator 25 (FLG 1). interfaces.wth the
~oute~~tteath 12%%# erfﬂﬁ%ldslqgnﬁaﬁeg?mﬁgt %\t}'&: 1'% ¢ gmgwaogg}e[e}'pllro& ative
to the inner shggrificall nRARE 16 be (rblate TR FBBIed! disetRRbs SHOAd B kédt Withirt)
interfaces with tﬁ’e ica' ~~ sheat h628 (eFI GS. @B -ej da angyggdagdo m)é};e%‘lﬁ%hl ack
and forth rel atdevmirt distahee ofiome aredther: hLdrger Vidssels mlagtrequargomerd primatyelesdsen

the outer sheath and inner sheath.is thus ¢ ~' 'trolled, but other control
appr oaches may SBSurgrapergurrent densityppnd properchsatdigigibution2a 3) 4) 4a and 5)

the ~ , thegther 10 i u nsar ch, rapcoupl e.
The temp | 10 ur o sendtt ioRafieh GRRGERAER 5030, 2 Ehoay TN uREed ol B ARAR
that the sensor3283itodgpbe/the cohdudiive iisd)t [radhk firkd donkigidatibn b Shewp s ed
surface of the electrod ~. 4. The sensor 26 is a shown in the draw ngs as
protrudi ng frorklGSe 2%I2acanddethefelectTidar3dthas @fhemisplsripdts;:&._m 3 secopd 25
only. The sensor 26 senseg the tenperature of the rtion, t anat om cal
Crsue s ¢ hat QoBRHEERRo b I GHIHCAR FHUE SIS i netal spittialgheps 06 & Sppon
-ftoring the t7 e r t Qe ' lngsd FaOA

ndic o of wiBaR PR eR e PGS, 97 30 ST kR B S Mo S IR e
sensor 26 {i5 pdaarbetdoenbihattor fotm £ sphergort dtherashape 5 asto mifdmise iprprofilkes an

i ndi cati on of when ~ inkage occurs (70 30 C or hi%’r\er,) and when significant
amounts of heatWheitheagin erllapsesm hog cleetgrdes 34 are eitheyintogmlly formedya 2002

0 Gegr ces R GICHE 1B Sh ool ROk Al R o i AR el

structure. Appl3g:altii9fo Bé uhdérstdbd ehat vehienfth®distah en® B2 s fefilfdd B‘hsiadtilghd am OF
reduced when the nonitored tenperature reaches or exceeds the specific

tenpat ure that elggrade, this i rattlisitas torwizere ther elecsrode 3¢dp @ﬁgarﬁlly farmedra dreat ur e

at whi ch 1 cal. ti begi ns. to cauterize.. The t er at.ur ensor,. 26
i nt er :c aces “he (i!%tﬁft ?rﬁj &r ?-g'é e)scample, ' didthrénd can appﬁ'n&ergﬁ%t% the ?urrc')sundmg

tissue where there is an electrode integrally formed at the digtal end, or where an

electrode is separately soldered to the distal end, or where thére is another energy

delivery device located at the distal end. The electrode 34 ¢

diameter greater than the diameter of the primary lead 30. r example, the

25 primary lead 30 may have a diameter ranging from 0.18 mn[};(0.007 in.) to 0.28
mm (0.011 in.), while the electrode 34 has a diameter of 036 mm (0.014 in.) to
0.51 mm (0.020 in.). The primary leads 30 and the electr I,:ﬁs 34 are preferably

made from a biologically-compatible material such as stain! s steel. The

lickness of between

30 0.03 mm (0.001 in.) and 0.06 mm (0.0025 in.), resulting in.a combined lead-

- insulation surrounding the primary leads 30 generally has a §

[



t4 (FIG 1 ) through a pair of sensor |eads 45 which preferably ' n through
the auxiliary lunmen 47 and then through the inner sheath[i28. T ~~~ signals
fromthe tenperature sensor 26 are provided to the contrpller 23 whi ~ '
controls the 10 magni tude of RF energy supplied to the e ectrodes 34 in
ac~"~dance with the selected tenperature criteria and the fbMargr2i02
tenperature ~ Gher techniques such as inp ance noni toring, and ultrasonic

pul se echoin n be utilized |n an auton% ed s em whi ch shuts down or
regul ates the dpglation diamgter of Hén.2ped Drddemm Q0 khia. ) elibus

over hont | not AR 3 &uﬁ@é&ta&q%ﬁwﬁ' It Baffocth Etfaﬂ%ngq 3
coagul umfornatstxg@shatr?gal~ o8 AR H6mT96 frin 1. 6.in 3t ¢ ARF(084 IR 7C

in ~t operation I'ment o er 10, e catheter is

inserted into -thickheswofinpproXimately/0.48 miat(0/005 is.ycWwhile tie sgeomiaﬁﬁleaifm is
catheter is si mlar to the a ~ | odinment discussed 20 in| connection with
FIGS. 2 and33. typicalbwmtubsiasrshaped: ultsheld be-npteddbar theseadimensions b previdab

h h whi ch i be d he..tr ~ ~ his ;
enbodiment .t ndof Mili=fE plinsE. anChRSbo Sk AbiiiERon A emiRblsticat etk
ext er nal sheat h846Q)shaped attlthe dista} eH&'dszSf echrip10byPSnRR U %E&?éenﬁxhﬁéﬂh 60

and the outer sheath 12. The external sheath 60 ‘surroun

sheath 12 to fdirh mﬁt)adlamabcrapharhaﬂm@i 1stsbldeuagttoultm distaib Jal2 ot thelprirthdnys hed.
_ ~: Fluorosco t nd, .an an cope i ma or other m

t echni que may B@%ﬁi Se cprgggs ?ar’i’eaq éecf‘frlst,rufff"g tawr%%l}‘i‘éﬁéf and

conf | I'm t NQoPOSiohtighialin Fftin Y Cond b AEAd ATRE efeet}gadéﬁqtémrat N lfil dgdal ed

to shift the outer ve to t nner s ther re ractlng

outer sheath lana%@mkm& afrthatbaartgimglatdde Thedistab &bl oL the fsedotdb ) fead
expo.the leads 30, 31 :a | i ~ 11 March 2002 20 through the

di stal orifice Mrefﬁablﬁémﬂ@%sa grpradly ¢ @kﬂtlcaﬂlbléhﬂped electragei3bi ce 14, the
primary |eads 30 exp ward r i ve he" ' bf the

Bl 1 gnnent devi ce 5o AR AR delic? dodipef i eat® sbhat RbnMiarsheXenen) -
l'inear. The prif&inted RRE c%ﬂte?é?%ft bﬂHQh&t? pFOXIMaPsddARE s¢ sepaPRRAIE! ON Wi th
t he~yein wall 54 occurs ,. , he outward novenent the primary .

| eads 30 i d3i rrpeamt:anned'lbaewmn tharlgad:s WIImI@.omldaﬂstaldntth@allgﬂmmdewcal dheg a
generally circ rent h the vein 54.. Thi s put ward ve nt of
T pri mary | oddsandaaD cattievers hen,SoPtadon, e ligmme Vice adh PERRETT

result, the pri I hﬁ% 1 p
al ong the circ é@%‘e&natﬁ ?g o?ggeﬁ%}'iﬁ?n gé\\'}g{ %6wa ?Qtp%;ﬁult? nt ra{:éﬁ,t?% %‘gﬁ%ad
el ectrode 35 i saligned amind 38i which atmmbmnmlﬁ'Zsymmétauall)Cpns joned helative to thal |

54. " :; \Wen the electrodes 34 are posjtioned at the tre ite of the
vein, the ;" pcmrofg thesfignment %evqufaj%aliemtﬁ%wﬂee %@tseftasneg rer eXAmRls.

~~Qne suit Y f i ng the
fruency of the @ne’{%@wr@&.% pth.%g{yl@f %Hﬁg' a(%%e‘g M&Iﬁ.‘% t?gq%}cd)ﬁﬁg olsgld%g*lﬁﬂ%} over
the spread, incdontfosed ofbdisdentié madrial h&tch las pomyhmedef eEzicthdt Iepasedrous
tissue.. Another criterionis co ~ tibi I|t with filter . circuits for

el i m nati ng RF fHEusd afﬂrléﬁlr"ﬂdltah@ffrﬁ?é%ﬁl@e% ard sxusmqt; &rrowelahgmntrm t he
primary | eads 3 [ &4 Nint i al.) ~ichar such t cek ads
oppositely char é’ﬁ“ﬁ&ﬁf&i‘tﬁ@%‘%@rﬁ&@gq?&?%‘f El'ttnl ? 'éﬂf?gﬁamlfhese
mul tiple pairs gh aelanghédewhqti@iﬂedm &ﬂﬁ&exﬁbe@ﬁﬁh@%&é’ RiienQf¥RisRBéd s to
produce an RF field between them Thus ) discrete fields/lare set up al ong

t he circunf2 enfor atcdpting agguidchwire eir fortak IdeBviery Dn perfusion-e mbélcantalnds forma

symetrical RF fi ttern an the entire circunfer ia ~ ~.end of the
vein wal |l 54, oglﬂﬁég@'r‘l‘tmé‘?ét&ﬁr nteageq)é iFRHanAf I ERergy.o [ emer ¢ s

bet ween each 25 rﬂB&qﬁmnA HHa Jeﬂ[rgf ERRRAhYY Be Biealibt Bidlse Lfd&@"te&%ﬁc"l‘h@wd '

~ ng the vein bei'ng’ treate !
alignment device 36 may also further include an auxiliary lumen 47 for additional

leads, such as the leads of a thermocouple used as a temperafl o ure sensor. The

30 alignment device 36 comprises a dielectric material to prevem or minimize any




,, The RF energy is converted within the adjacent veno ;|itissue into heat,
and , this thernmal effect causes the venous tissue to shrink) reduci ~ the
di anmeter of the vein. A uniformtenperature distributionialong the vein
wa~] being treated avoids 30 the formation of hot spots t,n t he treatnent
area while prono 3 ng controlled r, ; 4, 1i‘,'i ' ~ 11 Mar ch120Gectp2002 |

uni formreduction in vein dianmeter. The thermal effect p{lo | ~ces
structural ,;a trapsfiguration,of the collagen. fibrils in.the vein. The

col la ~ fibr| I <couabng sffess F@afiﬁhg‘?y gln“ﬁa}ﬁ haye 8athgach other afidy Jp5eseet e ¢ he
heat fromthe they == : ef t. shown o, n Vi s the
vein wall 54 tog"B%? ngSSeﬁgrleﬁﬁﬁio(g tﬁ%h r%?&l%%%@ %’F .lg'og%'g rﬁﬁ&ﬁ%e

wal | 54 continugs tBOIQQ@HIﬁS@.?SLiﬁ'.l) lih ohélEfnBSdiRlehaP $RWevet, e HmensiBiis hree
el ectrodes 34. The el ectrodes are pressed farther and ~rt’her together by ~1

; the shrinki ngproeided ot purpdses of iillustratign amdinot yneapof timf@ationi nt) ~ ' rther
col l apse or tigation of the wall 54 is inpeded. Upon colﬁa se of the vei ~~
£

awal | 54 ardund t he Iprthegmpodimeat of hgrnveaaen shown fip Fi3P o8 23 and 3¢ e inner

bl ect r odes ar o WEAAS § 2appg I e AFAER, ARLL 36 AT bRRABbnd B reer 37,q
for the |eads n@ediigRhemelevite! PreRIAMNY Sthe TiiRr SRGIth Q8_Iéanb?}t8§

€L

~ ~ |ied again at
the switched potxaeriarywallhEtheatignuiantydevicgdoedndcis molmtedbtoi i|by ladhesive oepreso

that its ,. polarity is opposite that, of the.prinary-l.eagd el ectrodes 34.
a0 B b ierTRRTE el B8 e Pradihs A FIFoH Babitan n bt foce dniet

t he second - ct . -' L il
enorgy 1o 0| SRefC T SincunedBonR BERt dididebah ePaP e Btaibet 1
catheter 10 is pRgitiveto the durer shaath) Thecinper siwath-28ccuinmises gbdoanm@dibleenai n i n

apposition wwth the vei ' wall 54 while the secondary-|egd el ectrode 35
comes in cont achaigrighwitha lpwraoeicient of fgtione; Fheaner sieay@% peayides aol | apsed

the vei b vl 1 * SHBRTEEbE ARESoeHOf begh i elleadind 1" g RE RS Rical " OO"
secondary- | ead gimeébPle (ﬁ@.qgg gﬂgeimhgbme@ﬁén ﬁﬁ?tdcaﬁkem a9 of sbﬁélﬁ?ways),xgd

t he secondary-|ead el ectrode catheter 10 is being retra 2 ~
shown in FIT& 7The leadnd0.c3l thamselves may be contiuousand min thednticslength ofithe
_'pcclusion along a,ti .25 |length of the vein 52. A |engt occl usi pn) as
opposed to ar cu't"ge'b%f‘@szénl,n ‘Sﬁ %b?%ﬂbee oL SRPYR)s ghesl?&s&té 58 g\i/aégqcﬂeags 3.
recanal i zati on. L ; mhd ol hisised i ar ~
both primry an%iﬁg%g?r?ggi? ywlﬁigckiés |sng§)§l‘rug¥l§3:| gér?gﬁ%&pogr ﬁ%#;ﬁglre hﬁili%r am
~; pol ar oper at sheath 28.t hikesisep titanegativedyl cldrged leade33,53 ¥ pipicoapleavith al )
while the p nary |l eads 30 are 30 com"mrrjlg charqed asrbd ?cﬁ I n conj.unction
with an i ndepenPmEN Hggative LONGNSIQr. chreferably, the'leads 30, 31 gt gppneteddpa 2o

i
20  conductor that allows for the polarity of the leads to be swit;ghed. The conductor
i

( sBfRLAYs @8N be
ceased, the polarity switched ) and then 1tF energy is '

(o8

may comprise, for example, a 36 gauge copper lead with a pplyurethane coating.
28. To reduce the

amount of wire contained in the catheter, it is advantageous§

The coupling may occur at any point within the inner shea
couple the leads

30, 31 at the point where the leads exit the rear 37 of the al gnment device 36.

25 To add further stability to the electrode device 24, it is pref prred that bonding

%glignment device 36.
In this embodiment, the leads 30, 31 exit through the distal Ljt’iﬁca.: 14 as the outer
il

material 40 surround the leads 30, 31 at the front end of th

sheath 12 is retracted backwards over the alignment device

6. The inwardly

tapered tip 46 impedes the retracting movement of the oute sheath 12 to prevent
,.

30 the exposure of the alignment device 36.




,, such as a large | owinpedance return pad (not shown) plac ; in external
contact ,._ . with the body, to forma series of discrete RF fields: Thes
~~RF fields are substantially evenly spaced around the ckrcunference of
therein and travel along the axial length of the vein wal:l causing the vein
wal |l to corpse around the 5 primary-Ilead el gctrodes. Upoh' tbMangis2002f t he

vein wall, °~ ~ secondary-lead electrode is tharged to ha\‘(le t he sane
|.ectrodes. The el ectrode device is

ot ract b and t he vl SRS IS0 40 2088 1R Bcrerced BoRliph MAETHLIEAES on.
. i ther bipol ar. L an. , i :
10 Dbt et o P9 SRS R BERRY L8R B bBchAB ARk FEb Mk T Lo, L
of the di amet eryiighnielPddibd 38 Ras TnnavedTFRIGiVE ) thfflcbldr /sl @h 18 shie ener oy

increases the ,,.” predictability and uniformty o e shrinkage and the
stren ~ of the mgedonsiprovideuian heaumdtie, tig for whenfhs cathéter i) besredthroagh gy
allows for ~ p application of RF energy for a short duration and thereby
reduces or a&voithe tarruous vigRewsosYsism. nhe clegrodecl shandisiohend @hthe seqondary lead

el ectrodes 34. 'Iihe l.eads, . j ncl udi. telv ¢ t he non-canvex outer E rtion of the
el ectrode, are 1meh % 844 19 4Bproximately, by same sizg af M hent gformrd BLM8i ng

bl ood. Fluid capsh@ndeld. VEREHoRESR BrRfe ciiitd MadffacRas) | ,‘%ﬁmgh\ﬂgéon bei ng

rshea

treated through a coaxial channel forned between the extg and the

20 out er sheat rel&2rodetofitee sesohdary hedrehanotie ahignmem detice i%:macted into-thdre

formed in the catheter t eliver fluid to the treatnent;site. The delivere
heseat g b

fluid di spl acE®UFS ¥ FRINSIET bl BIS FAR PERIFRLAD afEauMade HRVER WigEs Ge

heati ng anwyn~0 i i : ! i vered during
RF treatm Elot oqg)gée%g‘ﬁﬁpgﬁﬁ%@swg%i ?i"’r‘“cﬁ a?él?ﬁgﬂ é*&@us‘éﬁﬁ‘%&ﬁ?&g‘lat ment site.
The delivery ofd di Refefrigendw o HIGS: 4 awl S anenothbeembsdinidithdalighpes@nce so
that RF energy is d ~ ~Ccted into the tissue of the veingwall. .5 .

Ref erri ng now td§vice@9, is@ttaghed tg shexpnieosheathnl % and thereby remgins immabilesint er nat e

mbodi t of the.cathet 10t hat i £h . As i
Che pr evious. etBBuPRIRT: Trd okt a2 & nlaflyablsiodads At We dtAGords o ur e,
such as a vein B@nmRRAEATEECS6 add S pAFyidis laSathitvdySfop theAnmpcarmedtion R &Nt

wher e i 23 '=""11 March 2002 ienergy application is desired. The catheter
10 i s t hen ldnnehe primavy leadh d0qod dhe elesteicd Tohyectoryl 8ofFIGhé)icbnsonzd | unen 48

dth id i tube , ,. (FI 4 dis ;! ad Q th i d i
o e 9ul do Mt RS e b ek 4 B B g SR -
back or renovede ﬁ%"f%é:fnn.@f‘ﬁfeﬁﬂi!. The 9:%-'\»‘?1‘1 Jﬁﬁe T ﬁigﬁéﬁ&:‘e@%@?ﬁ?ﬁgce 24.

The actuator 25 G 1 I's then manTpul ated to eit out er

sheat h 12 backwwitid theozenadl hmeen 48hef the abgnmém alevic® 86 avonedhd andowitkk fhiese t he
| eads 30 through . the distal orifice 14. The | eads 30 exifi the dista
~~rifice 14 an®WdeWirg rort 20 GGy 1)t Bsrarbsrende| Theinrimary 1gdda 3Q,may by ¢ he

e 10 RIS LR Ao IaR St \bPIAPS Py YA b coupied

al ong a gener altb\ofiniédads anprediously desdribetie TheipRinviy lie 7,50&& secoretwer d
movenent of the |[eads occurs In a substa ~~~ dally symefrical t,

fashion. As a rtedton} endia7 of dhs inbercsheath 24; as funtsemplei with | petying-materigl S0ed

along the circunferenti al ban t.he vei |l 54, Altegknat el ttie

e bt odes can Beari siyylRBo e ififer tFlsh #8 ouli in § SFHBRAGHY ol e
el ectrodes ~~ r&trh&bﬁnéurgwdsbe throB @ theNLANR 386K the4AFRhdht d@AH@36N1In this
el ectrodes can extend d $erent lengths from"_the cafheller so that a

smal | er cr &s- savhadimant, phaprimaryi lsadscHl areinot-securdden thdwaiigrﬂmt deviices3 ansl
col l apsed toward one another. 1.' \Wen the el ectraodes, 34iare positioned at
Che tTeat me: o BStACE AEF EF Horinalend Bl roatiipenony The paeary FactFo
provi de suitabl lﬁaﬁftlﬁ'@ﬁ%}g%ae;ﬂgﬁhem& eS8 4GSR tﬁfbugﬂtﬁ biaf GBI GE 10

operates in either a bi noNopo nmanner as premiously described.
As shown in Fl GBont9mdaofah®linet bieeadn28 symowdsowartd: the reaeidilipfahd alfghnteat
col | apse around the el ectrodes 34 causing the leads to s;bs ~"ally

strai ghten and device 36.




Al
i

F7 . the electrodes to cluster around each other. The walil 54 co ~~~ ~ nues
to collapse 25 until further collapse is inpeded by the glectrodes 34 (FIG
b). At this point the application of energy nay cease. The el ectrodes can
be co gured to forma shape with a reduced profile when col |l apsed together.
The ~8ctrodes can also be t configured and insulated to cohtManeh 292 yi ng
RF energy a ~ formng a reduced profile shgge by the col lapse of the vein
wal | . The cathete ~0 can be pulled back 30 to |igate the adjacent venous
segnent. If a tenpe AR | ; -yl r 002
24 -, application o?%ﬁ?’é’igﬁgﬁgﬁ‘gﬁéﬁp‘??g#‘ tgﬂ:ec?ru}g gtaé "mgbg'ey?hag&dz

tenperature of drivent;esensetanay feornieactsohboxt therebycapidbdigadte VEle Riistlef i ned
~iy the controller 23. Were the catheter includes a flujld delivery |unen
(t~~t shown), fpodtiah"cefrtheprimary leads a0 likethe pertéemiotivieilead Whichextandg from thee

R R IS Ty AT A A F gt e AL L g O Yy
di el ectri di f4.ui d : At i :
whi chcan' cRem i Gifieckds, f 1€ ARIGIAE GarBeARARAINAN 1R AT I R0E

site. After corpdiely Bgwidie fneRMUstRer @lative 36 tiRchadof SBalignrRhi @svicd 56
actuator 10 nechani'sm causes the primary | eads to return;to the interio~~pf

the outer sheatand form gisymenetrieed apiangemesie dkiis isrshowa inmggmmwimgnwed
no

to nge the positj0Q_of wo &l e tS. g Lve, 10,0ne her . Once. t he
| eade 3Ceor 6wt aaand 6, 4 JheTRRE B o 8t bl fiof Dol 40 30 08het o
anot her venous a7y Ghdi G sirfieiett iovadallylexpaid @B 143 G8 IRey &iﬁ@@%&&%eﬂaqa
treatnment of all venous s, the catheter 10 is 15 rendved.fromthe

vascul at ur d0 Thbroagh @ssdiptal otifics 14.hdt is essentialithat thatdegred of ithes ant)ordrend beal
enbodi nent of

pressure is applied until bhleeding _is controll ' . Apoth

the catheter | s‘“ftﬁ:l‘%t“? AR qqpo&gg farge s?ﬁ@‘i‘%@?""ﬁﬁhg"éi’s i) expangithrough; g
cont ai ned wi t hi tdy A=, ; danner: P

constructed fr(%)gg]ﬁd(e)@%%kgﬁ-gg%y%%o%%lc ig)gﬂygﬂggmlfly on) r'an 'clg;r?e{lgéau\'/agfsthe
entire |ength afre phferaBlyRirdlly erabedded in tieowid wal to lassardfiftl sshi&d. The

navi gate the tortuous system A hypotube having a flared.distal end 33 and
a cit shape is roundedmedtion ef theiglectriode is erabrdded intadhe weinwhlhioachieys full

preferably .no nore than Qut to three centineters in.l 2 cts as "part
b “t he- conddot FUEac agatoy op bl Sndeg BihgfaRd RCE Rreaibe g SeBRds ng
over the hypot yRgwmct Wih¥RAIsURSuP T \etRESve Aftrétt Asstritfons A6 sBrfhéeodbed @y N D
hypot ube. The sphere is permanently affixed to the hyposfiisol dering the

sphere both frahe eleculodesdi contactheitinsheotenbias tissud prefprablyeisgufiinient to-avoidjaor i t y

of the high current density which may lead to spot heating of the vé‘gous tissue. The

l .
heating effect is preferably distributed along a circumferentigl band of the vein.
. )
20 The apposed electrodes should be spaced no more than 4 or §-millimeters from
one another along the circumference of the vein. Thus, the E]pctrode arrangement

is related to the size or diameter of the vein being treated.

l,j't.her properties of the
primary leads 30, such as lead shape and insulation thicknes J' ’f affect the push
force of the lead and the degree of arc or bend must be adjugﬁd to compensate for
25 these factors. For example, in one configuration of the elec?‘ode device 24,2
928 mm (0.011 in)

with a total insulation thickness of between 0.05 mm (0.002 in) to 0.13 mm

wire having a diameter of between 0.18 mm (0.007 in) and

(0.005 in) is arced or bent at an acute angle to provide suffigiént apposition with
the anatomical structure. It is to be understood that these diﬁxensions are provided

30 for illustrative purposes, and not by way of limitation.




of the venous ~ar cross-sectional !The hypotube_ is ~Igthh. , The hypotube
~~ted conductive s distal end of the the distal end of tRe g, such as by 30
entire surface of the spherical electrode 35 remains uninsulad majority or
the The renai nder of y ;i , 25 f . 11 March 2002 the hypotube is
preferably insulated so that the sphere-shapedistal end cahl Marcha20G2he

el ectrode. For exanple, the hypotube can be covered w n i nsul ati ng

"5 T Tined by the {oHfEk eONBaNE TobeRRnaing Ge ik onBrerily Sl Uiy haxe bRERI end
Cead 51 and s pRardoEn RooR HESrhkhe 4 orihe SRRRE VG URORE, ERCeRBE 8

whi ch pref er ablgaddansy e ShrAkht 8% afAInRE ih BaeSAARheAD He Figd aPsr an%?e QB As
illustrated in FIG I1) the plurality ~ ~ .primary |eads/are preferably

connect ed to cahmmcthey arechorimially directgd o6@&vardhi s c~~figuration 10 mai nt ai ns
the position of theélpl urality of primary |eads, whit ! ~:jrduci n? t he
nunber of iRternal &f05dRGreassfl appositional fitee, itriscPrefented that the rimary leadsndd t o

il n F A . ' ;
Eive to the- ok SHip-sAaEaDRL Is BPafhub{f rbBRedr, T AR, tRERDE, .,
described) a hyqdfaf wiith &font 0965R@&QOMB0YIn)aad .G inrh $0.839an fifckness dthe

inner sheath 28~. T ~ separate f: , 15 conductive rings can be used so that
the polarity ofapgraxi@eieht 013 mamy(0/003d8.)ec abhergcangiar eroiss gectionpaovidesl y. For

exanpl e, adjacent pri,nary | eads c,be.cannected.to one of _t’ he .t separ at e
Caanet | vart oo oBtreRlenTalitand 0 heRaid if MERAE fiohehs o allhos perSiog Bt ner
opposi te palparifddes i t i i t¥hi . m ed
cl osely toz:;lgf1 hef?% “?{hre etﬁnig%q?léglalelgfa{rs?{gél lly?/lsl-gggal gl%ag?]g ?%1?% ?@ﬁé\@%gf along E

20 the inner sHeaisi80 Bahtown e FIGS.03, 2andnd Beandygrovidbe forring dl seabilityiinh khet he
i nner sheath, gnd the pri milr'nﬁ%lg ads 30 that are connectegl to the ri ~ nov

t oget her with JAQraiLsadRn Y W8I tRe peqeatany RENAING & thegfadial directions da 1 o(ran
ther. .; . i | i T ttach
the ogs ot ndGegy 2, 8iq S10LR Bhini 10 GotlESs Kol RiREadteddh 001 2

rings each al t embunted in widtionaaaiie eithetr siGh ahavnige et dimgiic 6fwe of the
i nner sheath. The insulation ng the underside of the Iea%us prevents an .

el ectrical lShorrectgagulaierossiectom ipsaligned withrihe divection QfeﬂXFL sionjof thedeagk t ached
t th t "y il th i f i dth
Cogetner 105 "y RaSPIRALDYELS IR Rl el AL, B M

connected to thgakindbeiidndRs iPmoFe assticdaVGniddtnRipachig ?-Ié%@dmﬂ’dﬁﬁ t hat
the |l eads act as arns which tend to spring outardly awaygfromthe , f l.

~ ' 11 March 20g2ting anmnt cheevenans tissweavhich h;einsa;ypoaiticmdi'vritgiél e plecsodes a1t the.
Insula ~~n along the undersid, , of the |leads and the rikgs prevents
ol Gdsd8 et

uni nt ended el ec ween the | eads and t he ppposing rings.

Al ternatel yyg the | eafig lgg%hfo?ﬁ?é’digﬂafe h@i0h ofit ﬁQWEl@gagEctF'&?e ring at an

angle) such that the le tend t pand or spring 5 radially outward from
the ring. The aupfigumtiontof tie ¢lbmrddealkevice 24r érlaimaxihnnhﬂhgmebetimm shoul d be

sufficient to force_the pri r i stal. ends ectrodes 3% thrqug ,, bl ood
and into a osi‘F‘PB‘ﬁllmﬂgsFﬁgPe\?éP&esv%ﬁ |z._e.,c£ﬁ@?tle %Fp‘gﬁ@eﬁf,. e ?Cl%??ﬂf‘ | eads
) Soch o) St ARAAGEH) G e L5 bl Lo i meg b k21 45,.0f
the | ead and the degrée of arc or beng n%st ge a usfeg [0 corr~ ~nsate for

these 10 fact orlongerhfe ﬂﬁtgﬂﬁﬁ%b@istﬂ?@ﬁﬁoﬁ@tﬂe%’teaér theelidrpReisoBBe eRotrode Vi de
increased stability in the lateral direction while allowing the necessa | |

bendi ng i n 4he devikeadd.diceqsdingly, byrrhanging sheadistal portion 42| 1#gth gnd arcrprhend

si deways w ~ ~n,expanded { n ni f or m spaci.ng het IS
ror e adeured, Ubtibren sty L B Corfiet e Bk TS RER by 1B e B
pronot es uni f or gmixageé.Nng ~a~und the vein by the 15 el ectfiodes 34.

Different numbers of leads 30, 31 can be employed th the catheter. The

number of leads 30, 31 is limited by the diameter of the ali%i‘nent device 36 and
30 the number of lumina 36, 38, 47 that can be extruded throuf?h the alignment




The distal ends of the primary | eads 30 are uninsula ~d to act as

el ectrodes 34 having a spoon or hem spherical shape. The 1 eads can | stanped
to produce an integral shaped electrode at the distal end of the |ead. Te
uni nsul ated outer portion of the distal end el ectrode 34 which is to cone
into~position with the 20 wall of the anatom cal structure1ilMarclet@abl y
rounded and ~I nvex. The flattened or non-cdBvex inner portion of the
distal end is insulated t ~~ninimze any uni ntended therpal effect, such as
on the surroundiéwicd! hrpa bipotaraconfigoratibhean esérahumberasfprizhigytieaidcso 43¢ are
configured such that when the distal ids are forced towagd ~;. the inner
sheath 12) as spesferably avaitable oxformha numberpf eppositelyebargedietactnode pairs. The
substantially spherical, shape.with a prbfile smaller thag.the fJ. ' file for
the spherical chgrodadn sEboRtin with 3nd pmaprpical Shugire shotlkhe aininedishin 12
can slide over M QMg “h RiWART d;

outer sheath 1251?%&% ﬁé{las. an &g:&?ﬂ éﬁhmaqﬂ?@ﬁgﬁ%"%@%@ { ’O%Q’a{z@éibe}-la?

appr oxi mat ely/ t infmefl cHatgedAsadss0 sdnisd {J&@ént.eﬂﬁ@ﬁd Renopuli mbE SA/ABBAGH Y

30 distal end which functions as an electrode. A close of' snu 'fit between
the f 27 , 11of\RFemergyohraiighbshe anatomicahtissueds obieined dy\cliehtingad requrd patid t he
orifice of th ~Quter sheath.lZ is ... achieyed. This conffiiguration proyides
an atraumatic ti9b SpEEentt 0%845&%86‘&?‘%‘3 By, Rroyiding PG%"E@C‘Q%MB{P‘W %ﬁ‘%‘?‘é‘ %{'8'ﬁd

is preferably sihlqiibhe/ shel 9€7 1argl ikrdifadori fice. The inngr diameter of the
outer sheath 12 1's approxi mately tl~" ‘same as the 5 reduged profile of the

. conbi ned prinmary di sNel refarieg againaddilG. 34 an dbmawr AFebatrgjpithe bternsiohicBhe
profile of the conbiped pripary distal,end el ' ~trodes 34 is preferably
Peos than thb | SEFOds daiects Fouaheihg disch ogrtJ@stlﬁ.- e aqima0Rp S} mayaee BRown)

can POt ey d A 440y k) Bl e

: hat, £l uid can
be fl ushed bet weén the outeér s o 2%@&?‘?? .,and

Alternately, a fslpseférdbdy on€ tHat eaTprovidefife voritfol dverihe FhowswiEal of theiduiter t he
hypot ube which can al so accept a guide wire. As previolyjstated) the

cat heter 10 canshsathold pothedongrysheath28eas thet ¢ase mayrbe. vini oni§ embodément of tthee
bui I dup of biological fluid) su bl.aod, .within the cathete Ai de
wire can be int’r“ga'ﬂfé% t{‘?ﬁl fr ?Héﬁfqmie)rfn af"%srwl}géhel i '&ngth#gG&@agﬁer
to the desifed ipy 8y RAhSR It bakk énd P&crpfayﬁmslqe HReF e, A1 hddubrCan be
flush or delivered though the Tumen as well. If a central'lumen 1's not
desired, y a | uembodimenhthelagpatori®s (FIG. 13 iritedfaces wiilt the SmrjdeisheatlP2 & (EIGS14y)

the primary | eads 30 _and the, ch%n ecting cgs. are connecte—to a_power  source
22 such that th% #fl a} 1o o¥s it EI?PB dertwisiatie Jo\the ewershefthibd Jgarelwerhi s
allows for the g&?&%ﬂ B&lGe ﬁ{eccﬁ:égrllshtegw%ﬁ.riﬂﬁ& s'hthﬁ:i# trolied® bﬁ’t{otﬂér a
nmonopol ar configurati on. en adjacent prinmary [eads e oppodSIite

polarity) a bi p@dmfolabpmacMQngpsé @gadon i s avail able. Wen the prima ;| eads
30 are commonly charged a nonopol ar _el ectrode operation js avail ale in

conbi nati on2®i t h a | Befgeringagaim te FEGS + 2022, Fad, gh a8d 4, the ditheterclO includeshe ~
~ tient. Wen the " 25 prij | gads_30 are c |y, _charged, an
secondary 1 " SJ%H}%?E“AW %%@%é‘lﬁb?s&?l Wc%upgq%F%Yenéq a¥eo§983%§&?‘§ti on

i s availabl e. Miofin@din pfite'on! Meclsctroié FASsohfickhe SiRoP 6 REReadly draads can be
dependent on the size or J aneter of the i: v Jhollow angtonical structure
to be treated. substantighy flush withahe gxpased surfacetnf therelectsodebd#. t The senser 26-fset er

10 can include 30 a fenperature sensor, such as t her *ou l e, . nounted in
[ce on the di st ovan R e drgvings as propmidipg frAmohe slestsodss Taf elattiopfullgsiation: har
t he sensor 4& s t ' ' = = P .

el ectrode 3%1§ Tﬁ}eﬂ?s gggéognéyetnisdeks%?%s\é\mt& Ee rr%%?%@t‘ﬁépg‘? ?’tg ﬁtgd%é%ﬁtg Fgénm% %H%sue
anat om cal ti sstiat ishiatappesition aithohe ekposedieldetrode surfqee s ddiisitoritigthele sur f ace.
Application of the RF energy fromthe electrodes 34 is halted or reduced
when the 5 noni IEHREFaR g anatemicad tisgle prpvidss e gaed indic B%@f when ﬁléfh'ﬁﬁaﬁ? e
t hat was sel ect . . O . sugh t ¢ '

a~i ~tomcal ti sgﬁte&%“esé{?%g r’??ﬁéﬁ%&%‘?‘z% te@ﬁéﬁeégﬁfggés rig%?h_t%\gél?%{)%d ance
noni toring, andfitidg eAnkOmcd] IRaRCHrOVitEs ﬁaﬁhda@azuhldf!mﬁ%mmewmwvw

system which ,fg~iuts down or regul ates the application of RF energy from
t he el ectrod@s Ccorhigher) nadshensignificant amownts of bedtfindricedigoagwlum maydegin t he
vein is detected and to avoi ~ overheating the vein. Referring nowto FIGS.
12 through 14, in the operat~n of one enbodi nent of the gatheter 10) the
catheter is inserted into ~ hollow anatonical structure)isuch as a vein.
Fl uoroscopy) ultrasound) an angi ~cope i nagi ng .




15 techni que, or another technique may be used to direct %,and csfirmthe
specific placenent of the catheter in the vein. The actugtor is then o.
"orated to retract the outer sheath 12 to expose the |eads 30) 31. As the
outer sheath no longer restrains the |leads) the primary I'H_-eads 30 nove
outward relate to the axis defined by the outer sheath, whi1Mar¢he2@2condary
| ead 31 remains sul~~tantially |linear along*20 the axis gefined by the

outer sheath. The prinary |eads 30 ~ntinue to npve outwafd until the distal
end el ectrode 3% formianethpelactroges. eThereforg mainspiamgdthe terapdisture abaxet7 t he
vein wall 54 ocgurs d .t he, outward ~ ent.of the ri BP n P | eads 30
o T ipeded. . TheSsrpsseopiesusepraBives o Berbtic Speinkize of g Bhatgruieal rucpite
circunferenti al : [ ' Doy +' ~ t he
primary 25 | eadésérg&ggét??gﬁel %Faéﬁg%)sftrg?ﬁ ﬁ%F‘Fgﬂ ré?%l‘%\tl@lhglr c¥rar§ ﬁ‘,‘%’ gq@)ent e

ek Yhathased. The

I the primary di sbaitoredderap&aiure® ssheomd@ecdshd syecifi) dep
cent ' -lead electrode 35 is suspended within the vein w:thout contacting
atomécat tissae ne~

the vein wal3 -~selecwkby thecoperasen, typieally3the deraperatire atomhich

site of the vein) .the power s ly 22 is activated to prpyide suitable RF

energy. f' In ab%ﬁ'%ﬁo UstiZe, prtéppﬁrﬁf”r? fensgr ?é‘rﬂliﬁftchég 3tge 59rgrqtq§r ?Sal ly
b 2002 29
@EF%H;@F These

charged such t hgiigaqj Béh L 938 SFREKsor leads 45 lwhicH Siv i

oppositely chargtega\(/i\?ﬁﬁﬁg %me%geco%garc’; Taeggsi“émcel} %%Frrlé%l&

produce an RF field between them and forma symetri cal‘ field patters
.al ong a ci r cunCBIPEFAILTS| SCRYE FOATe PRRVIded 19 thecentialles 2 whigh conwols Bem t ~'
perature d';quti ' | .hej st i
Erer gy prodibestiaefhie dii: ¥itnfy Wil thid SE3s 37 i Ko
reduci ng the di @ietey tefipetdisre\cRitetia Asd aaidhiiofedtemperahite i
,. the vein wall 54 to collapse until further collapse ig
el ectrodes 34. speb aslimpedange Mmaoniteripg cansbetrasapicpulserephoingjre
din wall. The 10 el ectrodes 34 ar ressed together to.agsu r educed
STt 1ol ently snmEnd cRaiem el SR M8V AT cefien GioispBdlan bR eoeresc
around the pri nppythedfcRbES HUAE Feritfhs sbtRNAME dufficient Shf Rt

swi tched so that gﬁ P o%ct hgéépri marsl-l gasd elnecte?’ %ﬁ%ﬁl%neté. il tsogcon éfh?/s-J ead
el ectrode 3B i sddtémed afthtogeeid overheqiingsthe geinhdmpedarnich eap e nsedyto [de@dt the

el ectrodes 34. Were_ the and_the secondary el ectrode 35 @re spaced
sufficiently cl®%8t okrarspim frgiatigises around the primary. | ead el ectrodes,

the end of the seco . S LN act gy J ~ SO
Lhat an PE 1ol | o ReekiddRR FORAS: A 14 A E’H‘é’b%ﬁ‘éﬂ“@*
col | apse of t heembodimieheofthe kathgtel d0dthe cathetet dsrineerted itoogiholictv medterhichly i s

imary el ectrodes 34 gether, when the strode at the distak:a portion of the
vei n odes 34 anHTUYCHEEDSICHAS Snei y2 o Therqathgter 3sssimilge ta:the igthbediment discyssed ed

a1 Ve e BORRSH A0y s 2 anfls5 e 082, RB HEURRR AR

54 while the segeagho6y/hraath whiek e cad bs aeRieréditoctlie treaifent iet. VR thisval |
previously coll apsed by the prinmary-|ead el ec passes thrgugh the venous

ti ssue between embodimenarthe fluisdoport (not shown) communicates with te interior of the
rnal sheath 60 and
the outer sheath 12. The external sheath 60 surrounds the ofj#

¥
I
T

external sheath 60, and fluid is delivered from between the
ar sheath 12 to form
25  acoaxial channel through which fluid may be flushed. 1 ]

Fluoroscopy, ultrasound, an angioscope imaging tecifiique, or other

technique may be used to direct the specific placement of th tatheter and confirm

the position in the vein. The actuator (not shown) is then o'rated to shift the

outer sheath relative to the inner sheath by either retracting e outer sheath 12

30 backward or advancing the inner sheath 28 forward to expogthe leads 30, 31

i
i

|
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4
B
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secondary-lead el ectrode 35. Ligation as the catheter isﬁbe | engt hy

occl usion which is stronger and | ess susceptible to ~ actte point

occl usion. seen the electrodes zeter 10 is being ~n withi.the veint wth
the portion of les 34. RF energy ;trodes 34 and the retriacted produces a
~nal i zation than an 30 11 March 2002 In a nonopol ar oper 4t March 2062
secondary-| ead el ectron, 35 remains neutral20while the primary |eads 30 are
commonl y charged and act ii~,~onjunction with an r independent electrical
devi ce) such asthﬁ)uhﬁrtﬁl@dis&\l\*ohm@d@”@@ﬂhé@édd‘éBOF@@ekﬂQﬁe& mpﬁabqaeﬂae' n
external contact wth the body, to formRFrfields substaftially 5 evenly
spaced around tgrémaryrieadsf3fr expard eddialhyeoweard relhivettonind axifof die glignshened by
those RF fields along the axial length of the vein wall ga~j~es the vein
wall to coll apscbevmeoiﬁnovmhéh@smadgryll@@&lere@wmsCsubet@nnaj _hnezam | Bygprimaryt he

vein wall, the se d el ectrode is, char.ged t. ajy

pol arit~' as thdf? c%c%t??é%fﬁe %}-’m%e QB‘W&H&?VRP@%{&OEP’@& the; éé" W?H(?%&c&@isr ode
device is retr Qs |

bi pol ar  or  foncd e Baspdfdvaiint &f b Briniapf \ci 3073 hplla, "ThePrinity
substanti al |y dgadse30réonpdck yheched aiobgtaegéneﬂatlpmgbuml’ﬁ?emml ﬁdibf theAEem wall
previously described, the electrodes should be spaced nopnore than 4 or-~S

milineters apad: RNisoytward movement of @ﬁd@'@r}’tﬁé‘s\?@l%cu @supsentidly t he

Chedtrodes. ar o SUEich Moo s SUSHIE FERgHE A2 URERon LG, A Fenugy

arrangenent, a@eﬁlg%%aﬁéb%%lmg th@tc\i&&mférbﬁhﬂ Ibefd bPHRSveird i5%, aTRe6bntral-
symetrical distri ion of RF er @g i ncreases_ the 'predictability and
wit,

uni form ty 16f tlead elactrodeateis snepeng himige Neigf 52 wishewgsio J‘cting thesveimaxatl i n
FIG 14) after ghe el ectrodes 34 cone ink apposition with the vein wall
(FIG 12), andDefore the energy is applied to |iga~ t hef! veln (FIG 13), an
external tourni quet Jwhdif thedfecfdded mfecgdsmmé@ ¥ SreMfRisite of &b vdih, @babl @
bl adder with a wi ndow transparent to ul rasoun I's usedito ~~press t
anatony) such gowerlsepply 2Qris actbatedgotprevide suutabw RFtencrgg'd fe suidibbgret er of
the vein. Although the conpressive force being applied the t~~trniquet
may ef fectivel mquga%wtﬁ%@ KRz nOng critarioa used in ssiecting dhe ﬁ%qwcu of fhe ensrging

the vein, figr GEHLIRNFINRe LM QIR 503 MRl Sodidngdhd alobh o gec! ude

t)vein. Aflxe ere I'sTTNSTY
ef fe~#live. Theaheinseffeeten B varous hlsﬁrce mmc&demﬁ isof biTligysvﬁm(rjﬁuﬁti
e reduction

| eads 30 can accommmpdate this situation. 11 March 2002¢
in vein di anet evircaiss fertediminatingeRE majsefron m;rmecwm@mgmi'
nol ded to a ligated,s al ta

Th f
exsangui nates the véPﬁ?%iﬁ?f ?ﬂeg%ﬁ’%?g‘%fg?m@a)iﬁmfof%mlﬁ "
Coagul ation of Jhpag 1dads 48 o bg&‘sff&weéﬂarg“e’dfwme l‘?ﬁé%é&ﬁﬂaﬂyle id éléctﬂézﬁl?yedur e.

Ener gy 5is applied fromthe el ectrodes to the exsangui n]t ed vein,
'the vein 20 noiededl. tﬁhesesnﬁltlpblpan'sloﬁ oppcbnelyobtﬂrgdﬂeads :
?LA‘* The
7 g?geﬁﬁf B gate

The ex, rnal tourni uet a ac &Iam Iltat
catheter can bePds| P@H"‘ﬁ'&ﬁlﬁngﬁfa@ 5 ‘ch hug; discrete ¥
an extensive Secﬁ&#é)ﬁﬁc&fircﬁmY&“ﬁhal 'an&’Bf the veft dgvhﬁ‘%healfhese agfewhadpm alhere

10 the dianete e veln has been re an extensi §e sec on o fhe

?H is | ess
sBpe&\mpn each

i P B

is renoved.

catheter in this manner produces a | engthy occl usion whi g
suscepti, a to Hedsddiarenielestrodanid ebepnosiseipelaritygrroduce R

ot onsive ngi e - abipihbirate BRf iR Jaf BEASTR A

tourniquet is iRy gesbdg the vein, ~~f after the tourni qI

The RF energy is converted within the adjacent veno tissue into heat, and

" g the diameter of the
Ly, .

vein. A uniform temperature distribution along the vein wall|being treated avoids

30 the formation of hot spots in the treatment area while promofing controlled



I
Where the catheter includes a fluid delivery Iunen) quidjcan be delivered
f°'~to the vein before RF energy is applied to the vein. [ The de~vered fluid
di spl aces blood fromthe treatnent site to ensure that bkood is not pr~nt
at the treatnent 20 site) even after the tourniquet conpfesses the vein.
Wiere the tourniquet is an inflatable bl adggr with a WndoWl Masets2Zent to
ul trasound, an ul trasound transducer is us to nonitor fhe atteni ng or

reduction of the vein dianeter fromthe conpressjve forcg,
the inflating wmefeaerre uptien R NeigWiemeiehe The thasmar pideat poedl

& siregiaral o~
stand-of f of ge 25 coptai ned be t hape ch. el can
be ap ~ ~ god t‘E?ﬂFfﬂ%“%‘%8 §o ag%‘f&%?ﬂ’b &F’iri@&‘iﬂ@a ﬂ@ l@fr?et"rflanceei n
by the transduqgier imcrbiBSOHA i eSpiiHsk 18 iHeqbal HORHHE tglé} YREAN A iji, the
operator to to ~ ~te esire ous treatnment area) @énd det erm ne
when the vein HaFIGeRD tiee eneedy mkes the yainewalb54 os collupeel ard hﬂrtlﬁépltimdry-lead
visualization assists in nonitoring ate pre-shaping of the , 11

March 2002 Vei rclqcrfrogque%r ahe srallc¥4 enatingesniolcollapsernéil furthely @o&@psgﬂm@wd

[th | ff f i
compl eting. t ho B %Eﬁéé’efs% L e e PR St e rhtest S aathi e e
the leads 30 t Q¢ girkking Peih RALI 34 Efitll GheyClout i EndP i BAt SEIRAH s mgm%g &ngfve g

leads r 5 30 are mnthln t he outer sheat’h 12 t he cat eteZ'
64 is located i on

anot her enbodi nment, | ustraged in bal | oo i

the catheter, XRHMAY e"éjleelF‘ﬁfqdﬁf é‘g @’ﬁrp(?,.:?é’ﬁy B%%[esprggaqyoleg{: plpciredes ieswitehed The
inflated bapl o r t t el 33 ahlgh
10 i rrpedan?ke) f%la tggs‘ﬁl m&\yg}:ﬁpgﬁ&t&%?F%%J@@ghge&taféd' ocf uelr r encf}lgo éf

coagul ation by pdlarizg forne tduds @Bet got benhstahitaseous] Theadpblicafipd of 'RF eidrgy of
the ~~lloon to occlude the vein before the application ofi energy can

obviate the us@ambecea&eéuﬁhmn?l?étty switehed, aad thendRE energy iugiplied seaia atthg s

Compr ossi ve t odPHCALPOAE nEfe HEGRL Ty 5ol a3 3 ek e 8 s

occl usion. |t igbidfty ReoptiRans Blapereltimayheid aEaRaRL 34, T4 R fRAW sklup

expand t he di arret er” of catheter to create an inperneabl -: barrler t hat
occl udes t HS vdienween' thEpundrfr]cadalectred@efM ek thd sedandaryi-lefd electoodecdS.t he
bal | oon , 64 and befqore the RF he tin in being kireated through a
comxi al th I 6o 10 fatpetssRas Reaguid bask whl et s i herelect

sheath 12. It 'd%vfc@ s ¢ho an%S#er%t e AROLGrer 1R befiiidiRa AERle | 1 the
catheter to deliver ~~tnment site. For exargk e 'Lume

t hrough whi ch tprimayyilelsd ale¢tsodes3paaaad ih apposition witk cthe veigwad Szle\krhﬂemp of
fluid. The delivered fluid disglaces or exsanEU|>~tes th;'renalnlng bl ood
from the treat rféFAndarysicad eleckrads, 3 porges Rcontack withdhe,partioB of shevein 3@l at i on

O cven 3 TSR EORELS Ok B " AR B o,

prevent bl ood fron1c PRt AL Si :
of ~, hi gh- di el eqiakses tﬁﬂoUﬁ theﬂ@ixﬁ@@ﬂ$4tﬁ¢ﬁw&mrth@pﬂﬁ1aﬁﬂ-lda efrodes Soaridwhe RF
energy is ducted into the tissue of the vein wall. Less 3nergy is used

because the eneeggndary- lead glectrade 35 andtheareipewallicontinues i c@liapse around theat her

 bei ng appl ~~; d by

t han bei ng diss bl, o ef fhe vel can
reach tlhegde|5| rlg ng%LﬁagtBa go%$€a§ g‘ﬁi"&ﬂ&? H@HSbﬁlggéﬁg% egévﬁ%‘g?&/ L |
33 11 March 200@G, 57c§)ﬂgmddﬁchcé&d£&%%ﬂi Dfis Qo redtdiis G all@ecldsi6P Blong @
effect. additionally | ood clotting is avoided with thigs.approach, because

the bl ood Hids lemgsh of épt eaind2uiA fengtiytdeeiusionuagiopposed tesarid utmocchisiamatier

m xed with hepar| n to di S Iace bh‘)od and revent the forpation of bl ood
clots. 5 A partiEanes; Fyd! es(':'tS?e@H e@lr%%n 23fi00s  enbodi mejit |s S~; pwn in

FIG 16, where an i Isﬁ,t‘ﬁé}r}e ta@h@%dsééﬁérﬁdg@% hEfe 19>hta he |¢;ﬁﬂat| i

provide a coaxial inflation unen /2 for | 'oon 64. "]

| umen 7~ i s in detondary teaduisi apetatehinvdg tmonopudarpmaner 6611 a Sadiiol elaoopemgomt her
suitab~ fluid can be used to inflate the ball oon. . As shown the FIG
17, in one enbodf sesandanypleadglectregds 3é4reaamsm9utr§'edvhﬂerfh%a, AT
bowabl e e rs I HUS 78 are
formed in tho conimPlhiredans AR s Sniubbatoun R B GoBRIa Ml el
bal l oon 64 in this enbodinent is infl~ted through a ballgon inflation Iunen
72. The use of bowable arns for tre I~~g veins is 15 disgussed in U. S.
atent a lication serial no. 081610 911 ~ 'ch is hereb PPP, , 1~1 Y

i ncorporated by reference. The arns can be constructed sp ~. to spring
radially outward fromthe catheter, yet offer little resi*stance in novir~
back toward the catheter as the vein dianmeter is dimnished to occlusion.

An f ti-coagulant or saline or a hi h-imedance fluid cap be introduced or

B i

ﬁ

cﬂ:



20 perfusion holes 78 in the catheter. As discussed earl %%er, t he

ugh-i npedance fluid forces blood away fromthe venous tregatnent area and
preve to the energy fromibeing dissipated in a nore conductive medi um such
as bloody As shown in FIG 18, in another enbodi ment, a:flexi~l~ covering
80 is wrapped around or inside the | eads 30 of the el ectfoditMageh 2002-r event
bl ood flow 25 in the vein. The covering 80 2pans the area between the
splied | eads along the circunference of the catheter whem the | eads are

extended o . t [ j 1 i eb by

vein & cover PHEEFELES IOpEAgtdrce et pX PR sROI) pigcl BiEAthll RnliSE,
or an unbrel |l a yith hedpdp) eofdrom siesof divrap®RE fields) Trs@REiglddare. Wen
the el ectrodes come into apposition with tt~~ vein wall)ithen the 30 gap,

i f any) betweemnubsntiallyevenliepaced around the adrsumferegcdof thepijein andbwaedliatangat ed
or 34 ~~ 11 NMarch 2002 i,ﬁflohe,rwi Slfm ni ni zed, The coveri ng 80 ,shoul d be
i nper meabl e t o the #x1al lengthiofhe vein,wall causing fhe yain W t%ﬁ?f?"ﬁ? FPungithest omer i ¢
mat eri al s arg Yl t EHitinY ; et her
as they ar e5r eﬁjlrr acﬁig%&f@kﬁrﬁf’br edrnencep% (%éhm? ﬁ’gf}ln%'?/%’rre;tg e (a?ﬁ’efeﬁgéads as

the vein di ametedctriode ichaeged o Have thpsmepolarity o that ehhe Byimaypexfl er abl y
m ni m zed. Although this enbodinment ~'s illustrated withionly primary
leads) it is tsldsgrodesdeThe elgatrodmdevien is reiraeied and the vein wall coddapsesias ed and

that a secondary |ead. e includ wth the catheter =~ well w thout
affecting the L%@crﬁ}egtl@ecﬁ‘%#ﬂfﬁagmignw th the balloon disclo~~d earlier,
the covering occl udgg efth& l?ﬁﬁé():lgr BE hftnBpblaL opdtatios e éﬁbli@iﬁﬁi'@ﬂmﬂen%ﬂg‘{"% t hat

the need for 10 an externa npressive tourniquet i's nof: require o stop
bl ~; od flow0 Fuubdiantiablyesymnstsicallysdistribiutadsthtdughvbe veinowdll] regardlededf theen fir
the deep veins where a %orq%r egfi .tourni quet _rrafg)élnot -5". e to co rtﬁs;

,the vein to ociamehal the veinbe. mmetical discibution of K& eneraciRases thepy

ot couau! S5k Snd AR O AR wROHE O BE R A

e perfusion holes

78 before the gnpihefbre) e urifshodis@ibudieh lof eftrgyelllonisforip apylienidntdfREIgh
the shaft |unen which also act as a conduit for the f{uid berng flushed
t hr ough the perenergydier ashes dngation and; thergby ireduges pripvoidnihsforaation efdeatrer ed

h ) i h i i f f h
oo e o8 AR EPhg i B RIRHRAR 34 T Bl bt B g2, o
or in L 20 subsgydy ﬁﬁ% eg theldleud8Y hraUfidufated 86 HEBRY prévébifiReating of i

enbodi ment shown 1| 9, a covering 80 w ng a parachite shape can be
orientated so tsnatouhdiagdldodcones trapped by th~~concave portion of the

covering and the volyne of the blo intains t ep) t=zrnent, of,  the
coveri ng. In this eXdHid N be llgwaﬂqe%eiaggguggg:@‘oﬂe éh%ﬁ%ﬂ:%ﬁ’&g 84

whi ch 25 al | y , o
The. cover | ng_ 0 e whSultl SRt Bohdif) Rfkicd Yt LRARL MiGUT0 wRge

cathr can 0 | | ouver sheathd 2al higtd beundzrsipodthananathér tuhenlzlh be dormed iarthe
inflated state. In the enbodi ment shown in FIG_20) the Eover]
coupl ed to an okatheterdaieliver figid 4o theoteatment sitte Tha Adliveredifivid displases Bhnect ed

to an actuation ' The, 0 i be slid
al on~~; t he | ong?’%%mrﬁﬁ@l?&;@lgéa ?r_rogt&\éqﬂ“ Wa%gctﬁ’ %géh%a?&g%eé%%g?e%rn o all ow
one end of the fadcFiii€ caResitini@ t8 beldelibsredaufitig RE fedt @ irevdne bloatihet er
shaft. During insertion of the catheter, tl~, p novable epd of the covering
is pulled away frommitchiatingbacita the tesatmentt sitee Thwtdelivenycofik diekeetricfptie t he

covering agai nst the catheter., After the cathetrer is deljyver ta the
Venous 9 gﬁ 1Increasest e surrounding fmpedance ) (}mt energy 15 d Xcteg Ynto ?he tisSue

ul
1

3
i
[

of the vein wall.

N
1
I

Referring now to FIGS. 8, 8a, 9a and 9b, in the opefaltion of an alternate
embodiment of the catheter 10 that may be used with a gui F’jﬁ;wire 53. Asinthe
previous embodiment, the catheter 10 is inserted into a hollﬁw anatomical

I& .
30 structure, such as a vein 52. The guide wire 53 is advancedipast the point where

hi

] .



5 treatnment site) the cannula is slid toward the worKki ng;;‘iend t~~teploy the
covering which then fills with blood entering thorugh the, openings 8 ', ,
t hereby occluding the vein. The covering expands as it fills with bl ood,
and then the covering cones into contact with the vein wall, the vein is
occluded. Fluid) as before) can be infused gjther through péMansh 2002h0l es
78 or a coaxial ch~pnel. 10 , In the enbodi ment shown ingthe

ceot on havi n actieey appcangn R adyd. dheiaett 104 theiiari oyBr e AS Rk
end of the cat Ngs gy i Gk ELAIANANTAS DA AliGhiteubd D (RIS HUiiagundi ng

shaft of the ca can be constructe roma netal “or p@l ymer
braid. A fl exi bhévanesdhowirandguide waresthtdughahelheihas thd@esirelipbirt heTengdadeof 15
the nmenbrane attached to the shaft of the catheter adjacent t;~~ skeleton.
The nenbrane i sWiresikisdppigaltyopititedibecie ar remoned befira Ribemargy inappliedito thes
shown in FIG 22,. whe ﬁ&FS/e t'4p of the connecting end is nobved towar~~t he
wor ki ng end df EHRETe f@r% ‘or vice versa, the skeletoni90 is deformed and
forces the nenbrane ' t ' - [ Ll i di ment
dog not require a 20?5%3‘5{?‘3?@@?6%@ 1@3& S*r@gwé‘%&g%‘gﬁff :-;gﬁtr;(lllt};ﬁ%l&tq%{)a
bal | oon. T)~~ skitdaet v b&fkwasd poredfdvandel the et bheatt 28 fo [to éxposé tenigadso its
ori ginal shape on'the working end and connecting end arejno_| onger belimr;sg
Nglcfﬁ apiCXRAREr d

forced toward oA@ thieeghte di Higeskis Ty leads, 3exit te digathetifice,
are a'so o sous il Syfald Rldtve 16 nBREG BT bl ATR B, *af B 36" 51 )

are al so di scusse ~ n-'serra
whi ch has be@n tomRuBs aickd daywardfuptieasmsitidhtwitirthe veghwhliS4eeRaNdp € .
section may be controlled separately fromthe extension pf t -- el ecrodes,
t he expandabl e lads BOrontact the veinralongl 3 genemllytdiesupdenentialdigad iof the vein ovall

extends the el ectraqdes away, fromthe.catheter. The descriptjon of the
conponent partsg%i 2@\&%@& aé{)wpgerg;xﬂ qul?e gaé%\?q‘fg{selp a&%’%ﬁﬁ ilally symmetrical | e n
ranging in size 2 08l ~ i in D) h
2002 3% to . Itf%sg]&?b '?)gmﬁé\sggi alteoégécf tlioﬁgst 34{ essggs&?hs%wéﬁ% sPa%edn]a]le%:'x\%F]thé do

di nl ~nsi ons _of the component parts may be chan&%d to confi%-gure a cat heter
1~ that mayl¥sespacad apart #ua siaggared {ashien sych Behlie elgesmodes smnotlia gleng thes. "5

Al t hough descri he e pPASILLI ﬁﬁg = L ed, or as
a ositive cond_utS:. Ji ﬂéﬁg’.né% gle%lﬁeb ltgb%a%%ép g?@é es%c@g‘rﬂﬁgn%?{%%%q%&aﬁg?es of
P g, sup rP ikHelsitietdri sonthArd smallth eRRsk&tidhalqirefilRed Qtlfib¥dd WRé@Nthet 0 ref er
to different electrode potentials and are not nmeant to ifidi cate that any

particul ar vol t algetrpdesnoe collapsechiowsedyang anotherur t her nor e, ot her types of
energy such as |ightgner fromfiher 10 optics can be used t reate a
thermal effect in thy}ﬁgﬁ?{%ﬁ’ef%?ﬁ_eégﬁ a§%Pﬁsé{f‘lpre %Eﬂfetf [ ﬁj??é’gtﬁﬁsﬁ?m’ Wi e
several parocubgivef SUpply 2 istde@vated e'proReNaisDie REFEFhersy I5the dle@foddd ™4 so
described, it wll be apparent that various nodificationg car~~~e made
Wi t hout departi tipt theocatheter Kpoperatesimceithenp bipslartonanénope Ihmnemascmeviously
~ngly, it is not, intended that .t khyentign be |imted, dexcept as Jy the
apoett ol ai e, 1 desclibeg A hdgh ihATok 4 Rd ) e goarky e ReqER walisho
energy to | egat Sa ' 4 LS S
cat het er havi ng%gmspﬁggt , ﬁgh %Fi?é\%ygﬁg?ﬁﬁ?\%&glﬁﬂgg%ﬁ ngik Oﬁéﬂéﬁ%{?ﬂn afld
the electrodes to cluster around each other. The wall 54 cop

bE] !
Mg i

25  until further collapse is impeded by the electrodes 34 (FIG.:$b). At this point the

nues to collapse

configured and insulated to continue applying RF energy affér forming a reduced
profile shape by the collapse of the vein wall. The cathete 10 can be pulled back

ih
30 to ligate the adjacent venous segment. If a temperature sengpr 26 is included, the
Fi

o
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t he working end of the catheter; an inner nenber di spose?ﬁ wi thin the sheath
su~h that the inner nmenber and the sheath are capabl e of | bei ng noved
relative t~~i one another; a plurality of |eads, each | ead having a distal
ei~id) the plurality of I. |eads being attached to the inner menber such
that the distil ids of the plurality of |eads extend out 'oft Machop2i ng at
the working end of the catheter when the F Zpsition of the sheath changes
in one direction relative fo the er nmenber) each | ead befing fornmed to nove

t he di stal enld ggﬁ@éti‘coh%f‘e?g#ggghﬁ E@:zﬁ@:?r%gg?: fﬁ@?}ié\?ﬂﬁ%l@bsé Eﬁtléé Eﬁ?@ééf‘ fpege the

plurality of are ex out the erern a? ends of

the leads are qRa{érbud tisSuedtids\WObvEe AL adeptadld wcPdpdefined &y thé botidllef 232 -
The apparatus of claim 1, further conprising actuati on nmeChani sm | ocated

bei led t h the i nmber F~uch t hat t(

gl Ly eont r GeelkereRbetite d dhnpe RS R ofdhe vPin heiaireatihn he Alidat i ve
t t . . ' . i i i
rochani o 5" caft dispTRE bRRRF R the dealindt A in TR o ol

rel ative tor~t hgodddNEhe Maitbein be a dielddic medRPR. ThEMRidBRPiNR
wherein the actui!on nechanismis . ,.. coupled to the ipner nmenber such

that the inner antieaagulang suchras\heparia|vehicly ean ehamigaliyhdiseourdge the Thagulgsismreft us
of claim1, wh%iein the anatoical structure is a vein, ahd the | eads are

fornmed to have ?ﬂdfqtép%ﬁfamnééu?'o mere into apposition ;s with the vein

wal I') “and the form%ﬂ&%&#&'q& Eﬁ&%dﬁféfifdr%i sledtedSienBididit ?Eo the
reduction of the dianeter % e 3 I n when enesr gy ei S gpe %95@#5&3?’@ af end
of the | eadf. @eéthenismpansdsithe princrpileads to femtrher the dmpriosidfthe oare ohehet v

| ead having a distal secondary end, the secondary |lead being atta,ed with
the inner nmenbde: rt‘h%?“‘teﬁéh@iﬂbf’émes‘%?ﬂﬁg’ﬁ? 18 ARPVEH t BRanga she position ofs
ext ended out of ' . | e t K . e
poson of the iﬁ?}%&o@%ﬂ&fé?&%ﬁg@a&g@ioﬁ@éﬁ%tﬂgrl.r ec{:(ig(t)hne 1? ar '@EWH@%@{%& h)
whein the di st ahendg, fe datifetéreFlmanbe rheedttd dnbeiey®embus RectibnSildre grcondary

end of the~.~econdary |lead and the | nner nenber. The-apparatus of claimé6 ,
wher ei n the | edigotien pracesscisirepeateshnbpor treawnent o6 all venousrshies.sthe Rathetar 10 ke

| it f h | b i,t ched., t: . Th f | ai 6 ,,
Dherel nt ndse R ihmpref rgRline Jaltahie g aecsRRP Yt PEUR Vol dpen |
connected {0 a ! oS Qeliuld Rlagblies BRFbIELingts ol 2| Ly of | eads

r
can be changed i1 ndependent 0 ~ olarity of the sefondary lead. ;: . 9
The apparatus of Amtinr@mbaodimestrafithe cathetepisuillabtrated imFIG.eldd sTienineth e

secondary lead are electrically conpected.to a power Soukc {herein the
pol arity of thdPPRRTAT; 9“5138”3&8@%0&9 ‘ﬂg“g\ﬂi“i EWSEISlieéah:e ¢ {naer sheath ig 57 ¢
polarity or to ' ki 46S | acent
i stal onds of BFReryeLy lrlRica o Cace joRRn, fon B0 palbIdET pokn kS

swi t ched beweeasr rybon, agd 2ap afavel the entire lengthlati the catheter. aTHe majdlity off iR
apparatus of claim6 . wherein the distal sl~condary endii ncl udes a

gener al | y spherGathgter shawd beflgxile 40 @ 4 savigateithe tartuons paths pHeHepOUsxi mat el y

equal to the diggag] Of 19hohide HaPiHY I'Hah didifl efid'33 ik f&?ﬁﬁx{r &rbs-seaidiat °

shape is attached over the distal end of the inner sheath 28. The hypotube. is

25  acts as part of the conductive secondary lead 31. An uninsy] dted conductive

hypotube. The sphere is permanently affixed to the hypotu n, such as by
soldering the sphere both front and back on the hypotube. JT‘.ht.e majority or the
L
30 entire surface of the spherical electrode 35 remains uninsulajed. The remainder of

i
am
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11. The apparatus of claim6 , wherein the distal ends ofithe | eads are
configured to forma shape having a cross-sectional dinmension po greater
than the di mension of the distal secondary end when the distal ends-ar~i
noved toward the |I' |ongitudinal axis defined by the shegth. . 12 . The
apparatus of claim6 , wherein the distal g>~s of the |ead hgur ed
to form in conbination with the secondaryfq ead, shape hayﬁﬂgﬂhgrcﬁ%bb
cross-sectional dinmension ng greater than the dinension @f th~~distal
secondary end thadiypetube ds prefaraklydasudated s thag thesphere-shapedidisgl endiramact a8s

defined by th heat h., 13, . Th t f im6 VR in th
~§el:(r)]ﬁdar?/ I e: gieﬁ%p@eﬁsigrgéﬁﬂ@gﬁgt}a}@u %é:ﬁgilbglcrgn&f%avé L3 r’ﬁiﬁ‘&ﬂ?@ f or med

in the dista' ~% d e HEeC bR HoSadRa i | Ui d
communi cati on %ﬁﬁﬁﬁf e(%cagnn‘ld(:élor%)k/iﬁgl Srrfrg?fyl% ﬂ?h@&g%%‘%‘g?ﬁ@ [@’g Hg? 8‘%"@? tls{) accept
a guide wire. ffed bylthe iandahadti280khich & MMachyd @y @k Mafed Al eyd bf & i S

configured 6 , , wherein the distal end; of the |eads each include a
rounded corfvexhypenthecky adhiesiveisuchuas epoxyl ated. 11 March:2002 40 i i i 6 (

east one of the ai SHEpurditiosRecandant BREPT gt stherGairoed Mperode Jhare s
: f ey | i T ! ; dt
oobuny. 5 pl and Sy of pHAREFIAA 30 WHicH Bloferitly rte b e HENARUAF Seidhocd 10

sheath. 1 s . ardecanpgeanstrms.ofsdllustrated, indi6r dil nthelpurdlist @ff primarydeads drbe

| eads are configured to forma general(lﬁé sgher,i cal shape:when the dist~h
ends are novedPreferablygoangoid oFpmmenFofduc Y&"s‘“%?e@-n@ﬂlsﬂﬁ%ag%ath. r~ L
The appar s . cl.ai r @i ri Ll ~t- o Ll ter

i ncl udes 21t i pﬁtﬁgl\giillﬁggmaejps‘)gﬁbﬁc?urt@ené@gﬁlwp E?F'%“S@H%ggt}@;‘h' 8@@%@1%' n the

tip. 2 0. 'fhaumdrasfdhesnadieleetridaDtdnnedidisei Thel figes! (20416 afiactRl 86 tHe inaér ¥
connected to a power source such that the polarity of eagh |ecan be

swi t ched. 21. sheatha2fsailhe position of diernines@nd thehprimary leads tefagiove tathe outer

el ectrically cqonnected to a paower source such t.hat the- ity of ch | e~

s the e, heanfofiows i of B fnE iead: S pulier desiried o byaotitg afShe

electrically C&@Bf&a&g%ﬁ%laismmﬁwﬁqnémrsx&% ié!eT,:s'éRixgbé of a first
ality of | e t

lid of said plur eads is opposite to t | eads W I stal ends
adj acent tIf t heonddetsteatingsnchndie uske sb that ithiespolatityanf different ;-lmary leads can be

controlled separately. For example, adjacent primary leads c be connected to

one of the two separate conductive rings so that the adjacent gds can be switched
to have either opposite polarities or the same polarity. The rggs are preferable
spaced closely together, but remain electrically isolated from r"gpe another along

K

20 the inner sheath. Both the rings and the hypotube are couple :’with the inner

25 along the circumference of the inner sheath. The insulation

the leads prevents an electrical short between the rings. !

The ring and primary leads are attached together to a |

the ring forms the base and the rectangular primary leads op ‘}te as the cantilever
arms. The leads 30 are connected to the ring and are forme 1:9 have an arc or

i
30  bend such that the leads act as arms which tend to spring outWardly away from the




i
itthed to the inner
s conn~l ~ted to

~I ~i 2 3 . The apparatus of claim1, wherein aring is
menber) and at | east one lead of the plurality of |eads

the ring. v. ~I ~; 1 . i 411 ° 11 March 2002 2 4 . The apparatus of claim
2 3 ,wherein the ring 1~' conductive and |; electrically,connected to a
power source so that the distal end of the aﬁe | ead can béﬂ1M@nﬂéﬁEﬂgy to
ligate the anatom cal structure. I 2 5 . An“dpparatus fog.ligating a hollow

anatom cal (structure ) conprising: a catheter having a sheath and a

wor ki ng end- ~~r pasheteraid taward she,girrounding vengus Hssugi 1sWagon leng ehe undersid
wor ki ng end of t at het ~~) and the rt.is jn flui.d copunication wth a
| umen; |. a bal pgﬁwclp%cgaa[ngc}?'l%{mgﬁgr%%i 8‘%#&85115#%@1 58%_ ’&@&We%g}eei n
the port is |loc %e‘ﬁj% : I t h A %ggbe ‘,ﬂ?&bﬁ

di sposed wi t hi n?e{aﬁéeja;s?fieat g%@gﬁhﬁé?gﬁgﬂ?lxhgﬁ ltre}hedr?baerr@q%, tﬁg eatah are
capabl e of bei ngonmeved toehating at an-angle, awchitharthe leadaent ug ekpind af springds,

each | ead having a distal d%j_the plurality of |eads being coupled with the
i nner nenberS susadialjaeutivaed fomthedings Bhe angle pt Whighithe leagls peeaattached:tontbe

ext ended out of .the,o I n t. the .orKi end_of. t he catHeter e he
sheath | s movedrinBpRgPe ikt fBieS ERpfnen st Suf o g odls 34 WiGue o
move the di stal priad aMdaHtof ippBRidoh W the deimakalb X Rh&H Propattby of i piiiRayh when
the plurality of |eads are extended out the opening; eﬁeln the disfal end

of each |ead i sleadp30) such-asdedd shap¢ and énsulatjon thickress,caffectitheqish forca of thee. 2
6 . The apparatus of .claim?2 5"wherein . the anator~hai strtucture is a vein)
. and the formed ﬁ'@éagld & degres Pf%‘icé?{?beﬂgrfﬁ‘éstgﬁabdﬁ‘ﬂggitﬂf:BE)%ﬁafelg’ﬁ%sf’h t he
vein wall, d or fifl Qi i, J. 5, =3t o
prevent t he@edh%f?r%h T(;)I?qf htgﬁ%lq%%to ggr) §e8P ali{ﬁgﬁ@el%&mﬁ%an Iegﬂ?slhcé-?aﬁeged -1

~. the distal epgdbidity @tYthedatehut|dérecidon while dllowihgaheppeessirpidending imit® Rdfal

, further conprising secondary | ead havi_gﬂ% a distal secondary end, the
secondary | ead dueetipncolihes leads 30, are legs likgly fo hendoddewayswiitmgxpardedpusward,

secondary end of \$eco oxar%yspzllcexr?gd betwesh TAAS & Qute Rured. Uxﬁ%rm spa%%lgl\{naertxggenzow

1

the leads 30 and the distal ends promotes uniform heating z%j'rbund the vein by the
15 electrodes 34. \
The distal ends of the primary leads 30 are uninsulaFd to act as electrodes
34 having a spoon or hemispherical shape. The leads can m stamped to produce
an integral shaped electrode at the distal end of the lead. '151@ uninsulated outer
portion of the distal end electrode 34 which is to come into%gbposition with the

i

20  wall of the anatomical structure is preferably rounded and gonvex. The flattened

or non-convex inner portion of the distal end is insulated t :}rﬁnimize any

25  substantially spherical shape with a profile smaller than thejprofile for the

EI
By

The outer sheath 12 can slide over and surround thegrimary and secondar

spherical electrode 35 at the secondary distal end. :
leads 30, 31. The outer sheath 12 includes an orifice whichiis dimensioned to
have approximately the same size as the spherical electrodqéBS at the secondary

30 distal end which functions as an electrode. A close or snugéaéﬁt between the




t he opening at the working end of the catheter when the iFni l~r raenber is
noved relative to the sheath) wherein the distal ends of /the | eads aithb,

| ocat ed between the distal secondary end of the secondary |ead and the

i nner mat~ber. 2 s . The apparatus of claim?2' 7 , wherein the leads ire
electrically connected to a power source sygh that the p | driMarclo20@&ach |id
can be switched. 2 9 ( The apparatus of claim2 ~ . whergjn the plural ~r of
| eads and the secondary. | ead are, el ectrically . connected tpo a ppwe qurce ~
~ ch that the p@?‘%’?ﬁ)ﬁ%&” h3eCpRAlaLy dis eP@éB@“Ea?P Q‘dﬁg %%HEF" isﬁﬁeéﬁelﬁd\%ntl

1

of ttte, olari : . Y ; ; r i i arat us
of claim2 ~ V\#‘g}é&@g ﬁ r?téi% 5‘5&%“%’%’? @‘ﬁg%g@ %ﬁ%ﬁ?ﬁg d.gefgg ‘ fa?%/ ‘%}gﬁ are

el ectrically cofe@fddR®stRcotlaBoisial 8fd/sGRefetib®} Slidhls 1RMedkhdnythe forifiee,
plurality of |eads can be switched to have either the sat~ polarity or to
have opposi ng pbheimner digmieter ofi theamuert shdathti2lis epproxhatelyahé sands ps thed t he
polarity of ttie secondary |lead can be switched between having a polarity
~d bei ng neut r afeduced E?Q?i["rq’fjéh%\ﬁ?fﬁ?‘&? grigary; 'é?aﬂF@‘FeleF baidn ThedBmietson ~
dudes openi ngs ﬁx@ QR o8 . .and t he
ope ' ~ 8 allowf 8?%%?@ﬁH?ﬁeeBﬁ%\ﬁﬁgﬁgﬁ??gﬁnﬁ@ﬁ%@fg&gﬁ‘ ng ?‘I‘cl)s\?v into and
expend the babogrefergbly less Aianah® &mat dinfetsr dfitgpbdutegsikatho! Fow anat om cal

st~l ~ture, conprisi g‘g: a catheter having a sheath and a_ymr_kigg end) W xein
a tip and a port areAlfjidiped (gt sheln)ganiGoayNtients With-he interiet f the pheert he

otk ng end of AR bRt D08 ofh bE it TEMedh B0l Incdlf 3558 e e
bal I oon andigt hegHehdp: 28, Altetn¥tely, 431did holrhas Romafimic P ivith alideh¥rallunReVEine

arnms) each arm havi ng~~~section) wherein the arns bei ng gapabl e of nooing
t he sections awhg hiypombe¢ Mhichetae alsaratcens weguidet Wire adest previolily stated tthe e; a

plurality of electrpdes erejin, at |l east. one ~ectrqde i s |ocated on,l. the
section of at |%gqtgro%zaé1rvglﬁpe&qalcphy \ﬂﬂgf‘:@i‘ﬁ“ ﬁ’é‘“@l"é@&ﬁ 'Weé’e’éta{-E%BPQd’{H‘
del ivering ~er gye: t amncal 3enE ' e of
claim3 2 ,Meréﬁﬁgiﬁgﬁhgpﬁbg@gﬁgrﬁl@ G e{sm%glgndlahhgegerglyﬁ)oé". : “feg‘wﬁhg:wl%ﬁi din
the anatom cal fitrodadedrtroughite luenodcfor-usedin guidingytiid 'wm%ﬁ‘totthedediaﬂom cal

structure to flow into and expand the balloon. |I. 3 4 . [The apparatus of
claim3 2 liher&paimeniesignAopieviously despribed sa fuidegan) besflushid e delivared | eads

have sufficient force t.o nmove inptQ.= it ith vl n wal | nd the
formed | eads dothr%gh ﬁg\}gnﬁnﬁfﬁwgﬂéﬁfag?&%g\‘ﬁ& i@o“%ldégg‘ﬁlr : %Q\ﬂ%ga‘%fc fon of
the di aneter of hyfubecdaRl beRASVIET $Biddrs applied 1r the distal end of ~; the
| eads. 3 5 . The apparatus of claim3 2 . further conprising s~j |east one

aperture | forned i nPreferabvips thie poimany leatls 80 .and thetompecting rigsarne commedstitoer )

of flurd theret Q %(r)»lelgp source 22 such that the polarity of the leads may beg'éwitched as desired.

20 This allows for the electrode device 24 to operate in either a%%iipolar ora
monopolar configuration. When adjacent primary leads 30 " ve opposite polarity,
a bipolar electrode operation is available. When the prima'? Jeads 30 are
commonly charged a monopolar electrode operation is avail i:le in combination

with a large return electrode pad placed in contact with the :tient. When the

25  primary leads 30 are commonly charged, and a secondary | fid 31 has an opposite
polarity, a bipolar electrode operation is available. More o Hfewer leads may be

used. The number of leads can be dependent on the size or @liameter of the

‘hollow anatomical structure to be treated.
Although not shown, it is to be understood that the cimeter 10 can include
"

30 a temperature sensor, such as a thermocouple, mounted in ﬁace on the distal end

|
g



3 6 . The apparatus of claim3 5 . wherein the fluid ha~.a high inpedance.
3 7 . The apparatus of claim3 5 . ws~erein the fluid i nc~~tdes heparin and
water. 3 s . An apparatus for ligating a hollow anatom cal stt~cture,
conprising: a catheter having a sheath) a working end, and a~ opening are
| ocated at the working end of the catheter; ., r. a 11E|\/h‘rMar®42m324 4 ~

, an inner nenber disposed within the sh@8th rich that the i nner 1;
menber and the sheath are capable of being noved relativg; ito one another;
a plurality of of gREGIIE34 Ko titwdehdsensoigis aubstatidllly-flust, with§ elQé;dpb@dd' Mfa@é of
| eads being coupled wth the inner nenber such that the di ~ ~ ends of the
| plurality of theeelertrdsiectneThe sensdesenses thoftemperatwe of the partiom of the~or ki ng
end of the r catheter_ when e i.nner penber. i s noved, rel at o the shth)
each | ead bei n@“@tﬁm@bnﬁ%‘ed%vés h 2PRASKION W‘é‘iﬁ&‘%@/@?s‘?"r@\e‘é{r Q%%F? -udi nal

axi ~~def i ned b | ? the
openi ng, the ~ % &Jn?at dtﬂegi‘g ekgf h’r’{hg éééa%ra F ?sd%aeﬁ &én n@ggﬁg} 83“?
the anatom gal nﬁinﬁtupédtrem efanire@¥idHes or ERRRAITRRRDECIHE YeHhpdiRARd tHAgwabie ar ~
bet ween the | eads al ong the circunference of the cathet ei when the | eads
are el ~~nded oselecthébw@om;tosmm‘-htalsahe tenwecai\mratbﬂudkaﬁﬁtommal fissuevbeginhi n
t he hol ~w anat omi cal . st r§§Fure The agé)ar atus of [ cI aj

further conpri & FRAPLERZE ¢ r&?@“ﬁ‘)‘@? é%yraé impedance momtiy m“iaﬁ%mﬁor ki ng
end of the cat [ i 4 0.
The appar at us gﬁﬁg{égl?cﬁnngkérp%mﬂg%%ﬁ# ét{ﬁa{mﬁ‘ Jé‘d%ﬂetﬁhﬂﬂ@l? r%'gggﬁgg orf~- 4.1 .
The appar at us edgutdtes thedipglicativheofeR P endrgy fftam thei eiccttodéemﬂﬂfepwnous seedlomat er .

" 4 2 . The apparatus_of claim3 8 , wherein the anatam-gal structure is a
vein, and tfe bensuticenishnpkazefiths Pt dpleFEq 200 o oNerheating,8i ¢ i on
with the vein |1, and the fornmed | eads do not have sufF|C| ent strengtlfto
prevent the i; Qductl on of the dianeter of the vein V\/ne energy is applied
bj ~' ~the di stal endR@ferﬁhS nb@ABFIGS. .12 Thi En&ayumfe" Fof on
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power supply 22 is activated to provide suitable RF energy. ‘In a bipolar
b

30 operation, the primary leads 30 are initially charged such th?t adjacent leads are
T
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bbbbbbgcKd- ef  the vein wall 54 to collapse until further collapse is impeded by the electrodes 34.
f hf vfffgghohrhzhhhiiltnmnn~ytoj ezupkfa\W ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
]caU calc The electrodes are pressed closer together by the shrinking ¥ein wall.” The
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10%r&' () - &h wuzzan 54xmunmn«pmmrx Jeadgiectiodie34, the polamy{
! -1 " 0, -1 & -1 i
gﬁl(()())/&' })9 ! | é.of s \9| ;ggélsl) that II «of §bg primary-lead electrode

e () we o 511 - He8 T‘?ﬂ? Al dete O b YIS dfieotgipog ark9 e
y210984& ()15 yéiddsid hal df the @ urPlead-alelirakics B4. Where the firimary electrodes 34

F1Z"109%& ()-! NZ"109%&' ()-!,! 109y ()-"!), ! 10%41H&
and the secondary electrode 35 are spaced sufficiently close%ogether when the

wz'

vein wall collapses around the primary lead electrodes, the § : trode at the distal
end of the secondary lead can also come into contact with tlg'p a portion of the vein
wall so that an RF field is created between the primary elec%j'odes 34 and the

20  secondary electrode 35.

The catheter 10 is pulled back to ensure apposition itween the electrodes
at the distal ends of the leads and the vein wall. When the ':'theter 10 is being
pulled back, the primary-lead electrodes 34 remain in appo !qion with the vein

g

25  the vein wall previously collapsed by the primary-lead elec

secondary-lead electrode 35. Ligation as the catheter is beifig retracted produces a

) C . i o
lengthy occlusion which is stronger and less susceptible to fécanalization than an

acute point occlusion.
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substantlally symmetrically distributed through the vein wall.r As previously
described, the electrodes should be spaced no more than 4 or;S millimeters apart
along the circumference of the vein, which defines the i'afgett:; vein diameter for a

15 designed electrode catheter. Where the electrodes are substqgitially evenly spaced |
in a substantially symmetrical arrangement, and the spacing éptween the
electrodes is maintained, a symmetrical distribution of RF eq?tgy increases the
predictability and uniformity of the shrinkage and the suengén-of the occlusion.

As shown in FIG. 14, after the electrodes 34 come in’up apposition with the

20 vein wall (FIG. 12), and before the energy is applied to ligalgg the vein (FIG. 13),
an external tourniquet, such as an elastic compressive wrap mr an inflatable
bladder with a window transparent to ultrasound, is used to gbmpress the
anatomy, such as a leg, surrounding the structure to reduce Iéhe diameter of the
vein. Although the compressive force being applied by the taurmquet may

25 effectively ligate the vein, or otherwise occlude the vein by éﬁattemng the vein, for
certain veins, this compressive force will not fully occlude tﬁt vein. A fixed
diameter electrode catheter in this instance would not be effe%tive. The electrodes
34 which are expanded outward by the formed leads 30 can Ftccommodate this

|

situation.
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exsanguinates the vein and blood is forced away from the tﬁeatment site.

b'l LmyMVMAXOVBY! !

Coagulation of blood during treatment can be avoided by ttﬁs procedure. Energy
5 is applied from the electrodes to the exsanguinated vein, a :'the vein is molded to
a sufficiently reduced diameter to achieve ligation. The exémal tourniquet can
remain in place to facilitate healing. [
The catheter can be pulled back during the apphcauen of RF energy to

ligate an extensive section of a vein. In doing so, instead qgﬁ a single point where

10 the diameter of the vein has been reduced, an extensive section of the vein has
been painted by the RF energy from the catheter. Retracti g the catheter in this
manner produces a lengthy occlusion which is less susceptii e to recanalization.
The combined use of the primary and secondary electrodes ian effectively
produce a reduced diameter along an extensive length of thg'vein. The catheter

15 can be moved while the tourniquet is compressing the veinﬁof after the tourniquet
.

:h'

Where the catheter includes a fluid delivery lumen, ﬂuxd can be delivered

is removed.

to the vein before RF energy is applied to the vein. The deiliVered fluid displaces

blood from the treatment site to ensure that blood is not pr@sent at the treatment

20 site, even after the tourniquet compresses the vein. [

Where the tourniquet is an inflatable bladder with a @}'indow transparent to

ultrasound, an ultrasound transducer is used to monitor the 'éﬁlattening or reduction
of the vein diameter from the compressive force being appli:;tl by the inflating
bladder. The window can be formed from polyurethane, og‘ a stand-off of gel

25 contained between a polyurethane pouch. A gel can be ap ed to the window to
facilitate ultrasound imaging of the vein by the transducer. j.Ultrasound
visualization through the window allows the operator to lo ;:te the desired venous
treatment area, and to determine when the vein has been egéctively ligated or

occluded. Ultrasound visualization assists in monitoring aty pre-shaping of the
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causes the leads 30 to return to the interior of the outer shea!.h 12. Once the leads
5 30 are within the outer sheath 12, the catheter 10 may be meved to another
venous section where the ligation process is repeated.

In another embodiment, as illustrated in FIG. 15, a bf'alloon 64 is located
on the catheter, and can be inflated through ports 66 to occl{;’de the vein. The
inflated balloon obstructs blood flow and facilitates the infugion of a high-

10  impedance fluid to the vein in order to reduce the occurrenclf of coagulation by
directing the energy into the vein wall. The inflation of the galloon to occlude the
vein before the application of energy can obviate the use of [the tourniquet to
occlude the vein. Furthermore, this also allows the vein to be occluded even for
the deep veins where a compressive tourniquet may not be ahle to compress the )

15  vein to occlusion. It is to be understood that other mechani L canbeusedto
expand the diameter of the catheter to create an impermeabl }:barrier that occludes
the vein. 5

Fluid 61 can be delivered after inflation of the balloo[x; 64 and before the
RF heating of the vein being treated through a coaxial ch F 1 62 formed between

20  the external sheath 60 and the outer sheath 12. It is to b::;:ierstood that another

" lumen can be formed in the catheter to deliver fluid to the triéatment site. For
example, the lumen through which the guide wire is passed hlay be used for the
delivery of fluid. The delivered fluid displaces or exsanguiéa'tes the remaining
blood from the treatment area of the vein so as to avoid heaI' g and coagulation of

25 blood. Fluid can continue to be delivered during RF treatmii'm to prevent blood
from circulating back to the treatment site. The delivery of .%i.high-dielectric fluid
increases the surrounding impedance so that RF energy is dﬁfected into the tissue
of the vein wall. Less energy is used because the energy is ;iirected to the target;
i.e., the vein wall, rather than being dissipated in the blood.'L lTherefore. the vein

30 wall can reach the desired temperature more rapidly than injE(‘;he case where energy

!
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clotting is avoided with this approach, because the blood hasEE?dieen replaced with
another fluid such as deionized water mixed with heparin to &isplace blood and
prevent the formation of blood clots. .

5 A partial cross-sectional view of this embodiment is sﬁbwn in FIG. 16,
where an inflation sheath 70 surrounds the external sheath 6&&0 provide a coaxial
inflation lumen 72 for the balloon 64. The inflation lumen 72 is in fluid
communication with the ports 66. Saline or any other suitabl’g fluid can be used to
inflate the balloon. |

10 As shown in the FIG. i7, in one embodiment, the bal loon 64 can be used -

in combination with bowable members or arms 76 having elaﬁ&odes, where
perfusion holes 78 are formed in the catheter between the baﬁbon 64 and the
bowable arms 76. The balloon 64 in this embodiment is infléted through a

balloon inflation lumen 72. The use of bowable arms for treating veins is

15  discussed in U.S. patent application serial no. 08/610,911, which is hereby

incorporated by reference. The arms can be constructed so as to spring radially
outward from the catheter, yet offer little resistance in movixfi back toward the
catheter as the vein diameter is diminished to occlusion. An F ti-coagulant or
saline or a high-impedance fluid can be introduced or flushed: through the

20 perfusion holes 78 in the catheter. As discussed earlier, the Eigh—impedance fluid
forces blood away from the venous treatment area and preve Jts the energy from
being dissipated in a more conductive medium such as blood::

As shown in FIG. 18, in another embodiment, a ﬂexiﬁlé covering 80 is

wrapped around or inside the leads 30 of the electrodes 34 toiprevent blood flow

25  inthe vein. The covering 80 spans the area between the splajjed leads along the
circumference of the catheter when the leads are extended o . the opening, such
that the webbed covering blocks blood flow within the vein. %’Ihe covering may be
thought of as webbing or an umbrella to keep blood on one side away from the
electrodes. When the electrodes come into apposition with th; vein wall, then the

¥ :
30 gap, if any, between the electrodes 34 and the covering 80 should be eliminated or

|

l
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and that a secondary lead may be included with the catheter ﬁs well without
affecting the use of the covering. As with the balloon discloged earlier, the
covering occludes the vein before the application of energy, ;fauch that the need for
10  an external compressive tourniquet is not required to stop blébd flow.
Furthermore, this also allows the vein to be occluded even fLm, the deep veins
where a compressive tourniquet may not be able to compress”the vein to
occlusion. A high-impedance fluid such as deionized water. ‘Qr an anti-coagulant
such as heparin or saline, or both, or heparin with dexomzed;water may be infused
15  or flushed thorugh the perfusion holes 78 before the applxcaﬂion of energy as well.
The electrodes extend through the shaft lumen which also acts as a conduit for the
fluid being flushed through the perﬁxsion holes 78. A sclerc;[i_mg fluid may also be
delivered to the venous treatment site to enhance the ligation;‘ effect from the
application of RF energy. The sclerosing fluid may be adde@ﬂ in addition to, or in
20  substitution of, the previously discussed fluids. '[
In the embodiment shown in FIG. 19, a covering 80 Bavmg a parachute
shape can be orientated so that blood becomes trapped by th&: concave portion of
the covering and the volume of the blood maintains the depléyment of the
covering. In this example, the covering is a balloon having Epenings 84 which
25 allow blood to gather in the balloon, and expand the balloon% The covering 80
can be permanently attached to the catheter shaft. The cath&ar can still be moved
along the vein, even with the balloon in an inflated state. E -
In the embodiment shown in FIG. 20, the covering 8@ is coupled to an
outer cannula 82 surrounding the catheter shaft and connectéd to an actuation

30 mechanism or lever.. The outer cannula 82 can be slid alon%?-;the longitudinal axis
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covering against the catheter. After the catheter is delivered:to the venous

5 treatment site, the cannula is slid toward the working end thfdcploy the covering
which then fills with blood entering thorugh the openings 84&, thereby occluding
the vein. The covering expands as it fills with blood, and Wih,en the covering
comes into contact with the vein wall, the vein is occluded. Fluid, as before, can
be infused either through perfusion holes 78 or a coaxial chépncl.

10 . In the embodiment shown in the cross-sectional view[‘:'pf FIG. 21, the
catheter 10 includes an expandable section having a skeleto(E‘QO disposed along a
portion of the working end of the catheter. The skeleton 905'.is more flexible than
the surrounding shaft of the catheter, and can be constructed from a metal or
polymer braid. A flexible membrane 92 covers the skeletori%QO, with the ends of

15 the membrane attached to the shaft of the catheter adjacent ::'e skeleton. The
membrane is preferably constructed from an elastomeric magerial. As shown in
FIG 22, when the tip of the connecting end is moved towar "ithe working end of
the catheter, or vice versa, the skeleton 90 is deformed and f'qrces the membrane
92 out into contact with the vein wall. This embodiment dogﬁ not require a

20  separate lumen to provide an inflation fluid to a balloon. Tl,ge skeleton 90 is
preferably resilient so that it returns to its original shape om%Q the working end and
connecting end are no longer being forced toward one anoth[yr Mechanisms for
moving the connecting end toward the working end of the cz,theter for expanding

the diameter of a catheter are also discussed in U.S. patent application serial no.

25 08/610,911, which has been incorporated by reference. Altugh the exapandable
section may be controlled separately from the extension of t’ elecrodes, the
expandable section can be controlled by the same mechanisxrﬁ:‘; which extends the
electrodes away from the catheter.

The description of the component parts discussed abcgvc are for a catheter

30  to be used in a vein ranging in size from 2 mm (0.08 in) to EB mm (0.51 in) in
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o?entla?s and are not meant to indicate that any particular voltage is positive or
negative. Furthermore, other types of energy such as llght'.fgenergy from fiber
10  optics can be used to create a thermal effect in the hollow %'mtomical structure
undergoing treatment.
While several particular forms of the invention have’%been illustrated and
described, it will be apparent that various modifications cax‘:!?‘be made without
departing from the spirit and scope of the invention. Accordlingly, it is not

intended that the invention be limited, except as by the appénded claims.
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1. An apparatus for delivering energy to ligate at‘g ‘anatomical structure,

wU3M76! 3" 10%

the apparatus comprising:

Li Y5\

a catheter having a sheath, a working end, and:an opening formed at

the working end of the catheter;

an inner member disposed within the sheath su]ch that the iriner

member and the sheath are capable of being moved relative fg one another;

a plurality of leads, each lead having a distal end the plurality of

leads being attached to the inner member such that the distal ends of the plurality
of leads extend out of the opemng at the working end of the Qatheter when the
position of the sheath changes in one direction relative to the g.mer member, each

lead being formed to move the distal end away from a longltLFqlinal axis defined by

the sheath when the plurality of leads are extended out the opphmg,

wherein the distal ends of the leads are conﬁguged to deliver energy

to the anatomical structure.

L.

2. The apparatus of claim 1, further comprising an actuation

mechanism located remotely from the working end of the catlmer, the actuation

mechanism being coupled to the sheath and the inner membenrsuch that an

operator manually controls the movement of the sheath and th[d inner member

relative to one another.

3. The apparatus of claim 2, wherein the actuatioli mechanism is

coupled to the sheath such that the sheath is moved relative to%ihe inner member.
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5. The apparatus of claim 1,wherein the anato pical structure is a

vein, and the leads are formed to have sufficient force to mﬁve into apposition

with the vein wall, and the formed leads do not have sufﬁcxgmt strength to prevent

the reduction of the diameter of the vein when energy is applied by the distal end

i

of the leads. :

L
6. The apparatus of claim 1, further comprising];a secondary lead
having a distal secondary end, the secondary lead being attaéhed with the inner
l

member such that the distal secondary end of secondary leac!,fls extended out of
the opening at the working end of the catheter when the poshiion of the inner
member changes in one direction relative to the sheath, whe;ym the distal ends of
the leads are located between the distal secondary end of meiaecondary lead and

the inner member.

7. The apparatus of claim ¢, wherein the leads ‘ electrically

connected to a power source such that the polarity of each l?ql can be switched.
k

8. The apparatus of claim 6, wherein the pluraliiy of leads and the
secondary lead are electrically connected to a power source gmh that the polarity
of the plurality of leads can be changed independently of theggolarlty of the
secondary lead. ‘ )

[1.

9. The apparatus of claim 6 ,. wherein.the plurality. of leads and the
secondary lead are electrically conhected to a power source, @herein the polarity
of the plurality of leads can bg sWitched to have either the saiﬁ{xe polarity or to

E
|
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11. The apparatus of claim 6, wherein the distal efids of the leads are
L.
configured to form a shape having a cross-sectional dinmnsioﬁ no greater than the-
dimension of the distal secondary end when the distal ends arﬂﬂ moved toward the

longitudinal axis defined by the sheath,

12. The apparatus of claim 6, wherein the distal exgﬂs of the leads are
conﬁgured to form, in combination with the secondary lead, @’phape having a
cross-sectional dimension no greater than the dimension of thé distal secondary
end when the distal ends are moved toward the longitudinal a)gis defined by the
sheath. |

i |

13. The apparatus of claim 6, wherein the secondaFy lead includes a
secondary lumen and a secondary opening formed in the dxstaﬁbecondary end such
that the secondary opening is in fluid communication with the rgecondaxy lumen.

14 . The apparatus of claim 3. wherein secondary ltgnen is configured

to accept a guide wire.

- 15. The apparatus of claim 6 ,, wherein the distal en&i of the leads each

include a rounded convex surface which is uninsulated.
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17.  The apparatus of claim 2 ; wherein the distal ﬁnds of the leads are
arranged to occupy a plane perpendicular to the longltudmalpgxls defined by the
sheath. ‘ o

I

18.  The apparatus of claim 1, wherein the distal phds of the leads are

configured to form a generally spherical shape when the distﬁ'l'. ends are moved

toward the longitudinal axis defined by the sheath. !

19.  The apparatus of claim 1, wherein the workil;gz end of the catheter
includes a tip having a soft durometer, the opening being foriﬂxéd in the tip.
}L ]
20.  The apparatus of claim 1, wherein the leads aﬂs electrically

connected to a power source such that the polarity of each qudi can be switched.

21.  The apparatus of claim 20, wherein the leads am electrically
connected to a power source such that the polarity of each lex{::l- is the same.
. !
22.  The apparatus of claim 20, wherein the leads am electrically
connected to a power source such that the polarity of a first lend of said plurality
of leads is opposite to the leads with distal ends adjacent to thm dlstal end of the

first lead.
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23.  The apparatus of claim 1 ,wherein a ring is attfp,fphed to the inner

[".
mernber, and at least one lead of the plurality of leads is conngited to the ring.
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deliver energy to ligate the anatomical structure.
25.  An apparatus for ligating a hollow anatomicak_istructure, comprising:

a catheter having a sheath and a working end,; g\vherein a tip, a port
and an opening are located at the working end of the cathet&t. and the port is in
fluid communication with a lumen,;

a balloon located at the working end of the caxheter, wherein the
port is located between the balloon and the tip; r

an inner member disposed within the sheath suph that the inner
member and the sheath are capable of being moved relative tb one another;

a plurahty of leads, each lead having a distal end the plurality of
leads being coupled thh the inner member such that the dxsﬁl ends of the
plurality of leads become extended out of the openmg at the fiyorkmg end of the
catheter when the sheath is moved relative to the inner mem&ér, each lead being
formed to move the distal end away from a longitudinal axis! ”deﬁned by the sheath
when the plurality of leads are extended out the opening;

wherein the distal end of each lead is capable q delivering energy
to the anatomical structure. [ i

26. The apparatus of claim 25, wherein the anaton{ibal structure is a
vein, and the formed leads have sufficient force to move into%épposition with the
vein wall, and the formed leads do not have sufficient streng to prevent the
reduction of the diameter of the vein when energy is applieda/ the distal end of
the leads. f
L‘_ :

27. The apparatus of clalm 25 further comprising msecondary lead
having a distal secondary end, the secondary lead being couplijd with the inner

member such that the distal secondary end of secondary lead ?extended out of
l
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109%&. () - 29.  The apparatus o clann 7 ;wherein the pluramy of leads and the

-secondary lead are electrically connected to a power source ?.rch that the polarity
of the plurality of leads can be changed independently of the kﬁolanty of the
secondary lead. i_-g .
30. The apparatus of claim 27 ,wherein thc-pluraiitjé of leads and the
secondary lead are electrically connected to'a power source, %erein the polarity
of the plurality of leads can be switched to have either the sargh polarity or to
have opposing polarities for adjacent distal ends of the leads, ghd the polarity of
the secondary lead can be switched between having a polarity gnd being neutral.
31. The apparatus of claim 27 ,wherein the balloon i‘cluc!es openings
exposed to the fluid in the anatomical structure, and the openings allow fluid from
the hollow anatomical structure to flow into and expand the bagipon.
r:
32. An apparatus for ligating a hollow anatomical stf]ié.ture. comprising:
a catheter having a sheath and a working end, wlﬁrem atipand a
port are located at the working end of the catheter, and the porc%is in fluid
communication with a lumen; , ;
a balloon located at the working end of the catheter, wherein the
port is located between the balloon and the tip; |
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33.  The apparatus of claim 32 wherein the balloonincludes openings

exposed to the fluid in the anatomical structure, and the op.enlfihgs allow fluid in

r

|

34. The apparatus of claim 32 - wherein the anatéml«;al structure is a

the anatomical structure to flow into and expand the balloon.

vein, and the formed leads have sufficient force to move into fﬁpposition with the
vein wall, and the formed leads do not have sufficient streng(ﬁi to prevent the
il the distal end of

‘.

reduction of the diameter of the vein when energy is applied
the leads.

i
Lo

35, The apparatus of claim32 , further comprising &ileast one aperture
|
formed in the working end of the catheter to allow the delive: Io_f fluid
therethorugh. ' 3
I i
36. The apparatus of claim 35, wherein the fluid hag a high impedance.

|

}
37. The apparatus of claim 35 , wherein the fluid inciﬁydes heparin and

38.  An apparatus for ligating a hollow anatomical steucture, comprising:

water.

a catheter having a sheath, a working end, and a{gﬂ opening are

located at the working end of the catheter; g
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an inner member disposed within the sheath quch that the iriner
member and the sheath are capable of being moved relatlve to one another;

a plurality of leads, each lead having a distal dnd the plurality of
leads being coupled with the inner member such that the disal ends of the
plurality of leads become extended out of the opening at thr;vlorking end of the
catheter when the inner member is moved relative to the sh ; th, each lead being
formed to move the distal end away from a longitudinal axis'i[defined by the sheath
when the plurality of leads are extended out the opening, the :'distal end of each |
lead is capable of delivering energy to the anatomical strucn;j'e

a flexible, impermeable cover spanning the areh between the leads
along the circumference of the catheter when the leads are extanded out the
opening, such that the cover blocks fluid flow within the holié)'w anatomical
structure.

J
39. The apparatus of claim 38 , further comprising m least one aperature
formed in the working end of the catheter to allow the dellvety of fluid

!

therethorugh. ,
I
Ly
40. The apparatus of claim 39 - wherein the fluid hﬁ a high impedance.
41. The apparatus of claim 32 - wherein the fluid ingjudes heparin and
|
water. .
".
42, The apparatus of claim38 , wherein the anatoméal structure is a

vein, and the formed leads have sufficient force to move into & posmon with the
vein wall, and the formed leads do not have sufficient strengtlilto prevent the
reduction of the diameter of the vein when energy is applied by ithe distal end of

the leads. [



