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15  venous system and the deep venous system with perforating veins connecting the two systems.
The superficial system includes the great saphenous, small saphenous and the lateral saphenous
systems. The deep venous system includes the anterior and posterior tibial veins which unite to
form the popliteal vein, which in turn becomes the femoral vein when joined by the short
saphenous vein.

20 [0004] The venous systems contain numerous one-way valves for facilitating blood flow
back to the heart. Venous valves are usually bicuspid valves, with each cusp forming a sack or
reservoir for blood which, under pressure, forces the free surfaces of the cusps together to
prevent retrograde flow of the blood and allow antegrade flow to the heart. When an
incompetent valve is in the flow path of retrograde flow toward the foot, the valve is unabie to

25  close because the cusps do not form a proper seal and retrograde flow of blood cannot be
stopped.

[0005] Incompetence in the venous system can result from vein dilation, which causes the
veins to swell with additional blood. Separation of the cusps of the venous valve at the
commissure may occur as a result. The leaflets are stretched by the dilation of the vein and

30  concomitant increase in the vein diameter which the leaflets traverse. Stretching of the leaflets
of the venous valve results in redundancy which allows the leaflets to fold on themselves and
leave the valve open. This is called prolapse, which can allow reflux of blood in the vein.
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i nvasi ve therapies to treat varicose veins include_ intral unmenal
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I ncl ude scl erotherapy, as well as catheter; energy-based treatnents
such ashimeseThesilrirepi¢yincjudarclerqtiminy, as welbey cattietes, energy-beseddrcatmentsisigh
that ef Itsel%eir,\f?ald}/o I?rle&/e?lg)? (I{P}j,eor resistive heat (heater coil) that effectively elevate the
temperature of the vein wall to cause collagen contraction, an inflammatory response and
endothelial damage. Sclerotherapy, or delivery of a sclerosant directly to the vein wall, is
25  typically not used with the larger trunk veins due to treatment complications of large migrating
sclerosant boluses, Laser energy delivery can result in extremely high tissue temperatures which
can lead to pain, bruising and thrombophlebitis. RF therapy is typically associated with lengthy
treatment times, and resistive heater coil treatments can be ineffective due to inconsistent vein
wall contact (especially in larger vessels). The catheter based treatments such as laser, resistive
30  heater coil and RF energy delivery also typically require external vein compression to improve
energy coupling to the vein wall. This is time consuming and can again lead to inconsistent
results. In addition, due to the size and/or stiffness of the catheter shaft and laser fibers, none of
these therapies are currently being used to treat tortuous surface varicosities or larger spider
veins, They are currently limited in their use to large trunk veins such as the great saphenous

35  vein (GSV). Tortuous surface varicosities are currently treated with sclerotherapy and
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25 {00015] In one embodiment, the fluid is delivered at a constant flow rate. In another

embodiment, the fluid is delivered at a time varying rate. In yet another embodiment, the fluid is

delivered at a rate dependent upon the diameter of the vessel or organ being treated.

[00016] The method can further comprise delivering vapor to a patient. The vapor can be

delivered to a vein of a patient. In some embodiments, delivering the vapor to the vein reduces a
30  lumen of the vein.

[00017] Insome embodiments, the power delivered to the electrode array is adjusted

automatically by a controller. In other embodiments, the power is adjusted manually.

[00018] In one embodiment, the fluid is saline. In other embodiments, the fluid is electrically

conductive,
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[00027] A vapor generating device is provided, comprising a vapor generation chamber, the
vapor generation chamber having an electrode array disposed therein, a fluid reservoir coupled to
the vapor generation chamber, an RF generator coupled to the electrode array, a controller
25  configured to sense an impedance of the electrode array, wherein the vapor generation chamber
is adapted to transform a fluid from the fluid reservoir into a fully developed vapor within the
device. '
" [00028] Insome embodiments, the electrode array comprises a flattenied configuration. In
another embodiment, the electrode array is disposed along an inner circumference of the
30  catheter.
[00029] The vapor generation device can further comprise a second vapor generation
chamber.
[00030] In some embodiments, the fluid is saline.
[00031] In one embodiment, the controller automatically adjusts a power delivered by the RF

35 generator to the electrode array based on the sensed impedance.
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5
DETAILED DESCRIPTION OF THE INVENTION
[00041] One embodiment of the invention provides a catheter-based vapor therapy system that
generates vapor at a distal end. The distal tip of the catheter is small enough to fit within not
only the GSV but also in smaller vessels within the patient’s legs. The vapor therapy system can
10  be used to treat varicose veins or for vein lumen reduction therapy. Vapor generation catheters
according to this embodiment may be made with diameters in the range of 4 Fr to 10 Fr., which
is useful for treating a common range of veins and/or blood vessels, including the GSV and
major tributaries emanating from it, since the catheter’s diameter will easily fit within these
vessels. However, in other embodiments, the catheters can be larger than 10 Fr or smaller than 4
15 Fr
00042] One aspect of vapor therapy systems according to this embodiment is the heat source
at the distal end of the catheter that creates the liquid to vapor phase change, particularly the
dimensions and efficiency of the heat source. In order to place the tip of the vapor catheterin a
small lumen, such as a leg vein smaller than the GSV, a catheter diameter of 7 Fr or less may be
20  desirable. While it might be possible to generate vapor outside the patient and deliver it viaa
catheter to the treatment site, generation and delivery remote from the treatment site raises issues

with respect to protection of both patient and clinician from burns and with respect to the quality
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[ 00036] Figs. 4a-4b illustrate anot her enbodi nent of an el ectrode
array disposed in a catheter of a vapor therapy system [00037] Fig.
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not only be small enough to fit wthin the catheter tip, it nust also

perni t Ioufflevs ratastofy oyenamplmd dienier S rapdPeomisinIn 8 stapdrby ogE foerevent
ther apeféttﬂograﬁgﬁg\{r loFblood or other physiologic material into the catheter and to prevent clotting

within or near the catheter. Alternatively, an anticoagulant, such as heparin, can be added to the
fluid drip which enhances its ability to prevent clots in or near the catheter body. Liquid can drip
25  out of the vapor ports of the vapor generation catheter in the stand-by mode. In an alternative
configuration, the electrode can be a microwave emitter, an inductive heater, a photonic device,
such as a laser diode, light emitting diode, or other device that delivers photonic (light) energy
and the fluid used to generate the vapor would not need to be conductive.
[00045] The catheter can be adapted to be inserted into the vessels of a patient’s legs. In one
30  embodiment, the outer diameter of the catheter can be formed from polyimide or from any other
suitable material, such as Pebax, Polyamide, nylon, Hytrel, or other biocompatible plastic,
rubber, thermoset, thermoplastic, or elastomeric material. The catheter shaft can also be braided
to increase kink resistance and column strength or pushability.
[00046] The distal tip of the catheter has one or more vapor exit ports 114 downstream of or

35  distal to the flow restrictor. For example, the vapor generation catheter shown in Figs. 1 and 2
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5[00043] Figs. 1 and 2 illustrate a vapor therapy system 100
according to one enbodi nent of the invention. System 100 incl udes
cat het er 19®,20ml08edss ode array 104, handpi ece 106, punp Bdx@usztiiv/oc4so4

i S e A e S e U el
thi s eneydberamanged hroinatl tha virgyenfpreoed abdidr on e distdllend,dis nesled.vhi additivg, the

par, - avaer rat e iisA s abferh SR o AloaTninnf pih P HSEERR g
syst em Séme sudtablevhgor eXi @oift botfiburatigiess skodn,, foexample, BUESIN 61/099,908) the

salipe. O her suitable fluids are those that are electrically
conduct fisdostreivahch s drcgmoraiedzsreir BHELFERSt i ons of sterile saline,

such asjogypR" t e oHBAGERBANBEIMARA iPFigl YoandioRll RandpREE1 BWYRRHEREFided at
concentrations of 0.8% 0.7% etc., fluids containing other ionic
ol ecul s praxifatl ead opibe satbeterion Guvewisicgdn pleeing andimevidg thesatheter.a puny,

the fl uj 0 i S ' er v Qi .
sal i ne o eey %o B TREANGG e, b M RE Mok Al FERI Iy HE Ralthidle .
val ve. Thelepgthpf the hertdpésce pnkbsfhe catlederfitself chndmumekfiahtn fid Heiintendetll ui d
to e catheter . where.it enters a fluid delivery | t hat extend
frolf'a FRRIS RPboarsis o SRL P GuRin fibat es. e o e palforeddid s e
cat het ehandf¥et®mhay Be biiRednol 0t ardki 00&h, ek r lodgbremtithsua béoaBto 4RI 1oier
the saljne or other liquid can be provided 20 fromthe fluid
r eser voie8s ¢aaiherfabaicatsdsal i ne drip bag) to the punp and injected into
the cat fpgbss] alaslsRd inG4ed. 2i2Cthe YaporlohierRiA BAhBbert 36 E?ﬁn&lﬂd%%ﬁé&?ﬁe

d de to e ood or

per minute i'n a stand-by node prevent retrograde flow o
ot her phryay ¢ dgviog amariculatly smalbformdadtert e aapangenaraioprchamlbar cat bt t i ng

G . N |
hepht i noondtEf e daRHAE' it AL bniotn oR18 ARGRAN B petli 0
pr event res¢rodis 51 ardrvapereports 4. CBiichaber gehaedtion dhambecaa also de iquated anypivhepd

t he vapor, poyt e vapor neratio at heter 1n the stand-b
ode. - TRt Bath o 6 B P iR hrBhdRiest b el Soasing oat bea

ni cr owayigolanéibdtRide ofbipblagkledtion e altea b Blonofol A HMcRBECordRotop6lar SletdA8 Brray,
| aser diode, light emtting diode, or.  other device that _delivers

phot oni & ¥ $oggafion ﬁ§$ Bipolgnepdmencpplar elegizadg atray, derrepmple. Ihwmeapor

WO U n ' : : ted
VoS PEhbRRRE, hAReEBACHEL KA ol bR SBfodt e DFBAGP
enbodi nemfigutatien. oTheetlectiiodepaizscanpbe fommed e dpadueative tracep avithir the dathatemin
pol yi m f i j . Pabax.

Dol e bt H e 60dIRE pa i B FollB L .51 10THEB 1% 80 s separatea
t her nosky a 010 tondPl Hiath wideapacigist Gimelids oyt @ bagiper tfives aad thit polyiatidd t
can als be% braid dAto i ncrease ,Ki n{ r siit%_n e and colum s eng&h
or pushglﬁ"l prqrample.” Asshown ) Figh da apd 3, e qleptge aray con fompriye Geletipie
or PP epAAP MoweXér inidr embddin@aNel maabbdf eRictré®iaft adn Beuskdie fl ow
restrictor. For exa t he vapor generation catheter shown in Figs.

. l e, ! LN Fl
1 and 2008491 wEigsorortodlvgtsirer cabodivwntelragleciade aenye 04 dispesed iea distal
steel t oW ' j : 2 . exit
or ts nioriphbELARCEE SURTRe Ao Bt o IR IR of otttk pUPRRIRK
end, asaloegaieuiner grcadiirence nf the hatheteno forpos vapongensrtiom chiambet 324 i Agshewd
of the cat. ey .t oW apor s \to.bhe di spensed forwar Sone
oui t oy B e HeRodslial 64 YBRBIoRs0 b Balior sRBRRBRH LB Bl dher
USSH 61é4b&ifndifts theliecrodt Sy eanineludé anvhiutitibel 51 ¢levtod@@od! dile blecitida atryy

ref er ence.
as shown in Figs. 3a-3b may extend 15cm along the length of catheter 302, for example. The

electrode array can be configured to generate a high temperature vapor or steam in vapor
generation chamber 320.
[00050] Figs. 4a-4b illustrate an alternative embodiment of an electrode array 404 disposed in

35  adistal portion of catheter 402. The electrode array comprises a plurality of electrodes 405
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[00047] In the enbodinent illustrated in Fig. 1, an optional
handpi ece 106 can be provided at the proxi mal end of the catheter for
conveni encwoi201000s863h Ng and novi ng the cat heter. Connectpomnsszb®d/ iy

i qui d g%go%hedmnﬁqﬁgggf?ﬁ;gﬁg% : p!aﬁ@hal?%ér Hﬁﬂﬂz‘dﬂr UG Rod Fig. 4a, the

handpi ete | engt _ I ece an e cat et er 1tself can
be nodi ¢edrhdearrhy ﬁOtt tae compuseiphik OF alppi:todcat Homeve’r:om othrrmenpiodimends the eat

vei ns w human the | en eter i sta th
oot oxbidle MR foni§854c 4Dt BA U hoded S0f MHEH ol B cah Be blifignred
ac c omothagefetateridigh fempsrati@dvdper 6Iedaa“anmatvepbr deﬁ)&ﬁmﬂl] chéababhota anﬂ 4E01gs :

th nbe 20 .
Toa' e 0BT EFk 7 e oy Rmpesfroentiat n locis apa 40t Gapms i agfivta”
chanber p&&bn BecalRidl 76LOPERSIédiode shagtc%hapﬁeést Jﬂﬁ}aﬁ’tfy otfeec&&fem@%os&%d to

and be |n fluid conmuni cation with reservoir 512 and vapor

ports 5fam aryposgeperatiefeehamber B9, aﬁ@m»ed ebweak%ldm@ealbb@a@eao@nwweﬂbr

i t hi t
The el eBRRoS et §° ol SR RliR: S Tior pfor R Taddhod M CRARLFlirpy
array, deminoPicd Blier elatarial diflecanbe rﬂbnbboémh agh mhtcm@ded azrpodmmd@rtulae w1th

I B oblaaied Fogh heReple, Rs MR P densty 5 e e bin Ry B Ges

bi pol ar ae] lewtéaeashd &n&r%h@bfﬁ@@ﬁbo@@&idrﬁwh@hmﬁm tﬁhﬁll@xﬂﬁéﬂa@dﬁx L
can be forned as conductive traces withjn the catheter.

enbodi g In thedow earey BensityEaerons fign N5 thegentsy 0&%]8@2}{@6@%&@911@%@%@
wi de st f‘dr&.sthé ﬁQﬁl&éh@Q o%lﬂh@gh%ﬁs&y%go&léel H&ali‘ tﬁ@,‘ &&u@@@y'ﬁ@@aﬁaﬁ% the

i nches long 2 opper traces on a thin I m de
ex anpl enomsondh@m ﬁllﬁl‘ Wilbrot slygt epd@npelectrade ﬂet émay@deﬁeamto agniech w1th

nunbor BB c FdsiPermuBRL e R Gl Gl 0P SERRYL BEY S04 L
one enbadistubpértiof obeatletes 802.00e deatraye S0y adng:pmexblumha od e&ttsddeg&(ﬂi | on
of cat het er 3 The el ect ro

ol ectr oALtoRgs ol ghe bt ioraap” s ST Mgt &-8p. Yo Rectrode amay

cat het ego4 @nfcomptiee védiled sl@eﬂmmaﬁlg @&c@mebes oBB&h tHXos AAVBbtibh sotflces 3t
the el ectrode arr.ay 3044; onprise pairs_of flattened el ectrodes.

In ot hefolitsr emBedimsatthe eértbf'ofaeonéy pagsidenf thewoiled ehesti-cnompidher B
el eggr o%g%r%%mxmeeﬁ&@)t FIRE Shef EA%e ?uaﬁ%‘ﬁﬂdbﬂﬂ b&ﬁwﬂ%ﬁj ﬁibc er 802.

ext end cmalong the Iength of catheter 302, for exanple
el ect r offenductivg/eidrasidesceibed shpue.cdn bodgiveesd 4o éneazamrganetra;rqnepaom B

sarap i PreFPE LItaBRk oBERAAL. O EHRAR ciOgmen; con il ioeiRinge
di spos eshrfane %hnmaﬁmm SPiheicbynmakindzihg thedweat peReratidnerapdvéltty obthe cathetmy

i | i el . . .
20101055 BS0PE LRF00 DAAYR DSTRGBE I sPhedimst, mogh Ayjd gy b hested

gengs at 1Mg1¢é1aﬁmfns oﬂtaﬁe} vitiich ha xinfise Sdpov\ieliveryliReferfing bAtR t@Pi%CI rRgle

array 404 can conprise 8 pairs of electrodes. However, in other
embodi neletEede g2 desqribsd bergingcap be sonnpsied (9 CAFREY SeER Fudhas BFoneage s

405. The; @l Boht ed6oRMERY tHe XY RReaBP LAY LE50HR 48 ﬁgﬁfg erg%ghln agother

tenperature vapor or steamin vapor generation c ers 4

420b. 5fobolmentRhg enezgy Nchaabes namww@rgeequ ppezatingot, farexempkta16d e

array 7 [ on of cat heter, 702. The ectr
%‘Iéj él’%)%s éﬂz Iﬂ aﬁ‘(ftg%r eE’n% gyfﬁlgce Call bte a é)RgI&I’ %UBPSI ?R{Ogl

array conprises a plura posi
vapdo gamgmltbmp}tdumm'méz mthﬁsuldibmﬂ' lnﬁd'oaabm/ﬁ' phétbalictsoaned hyy beused,

non- conducti ve, | er mater} al 4 can be ed ax| hin t
vapor g%@#’&{%{? é%%‘f%%‘?m‘?‘@“f‘ﬂ’é% §¥3tFIH§a‘e 9%8?1‘&“?%/% WL“' 2? | J@F
nat er i abonflean bRentédradth BleRF Sdrehtd@Sordasbé b SPaRitd Seteco bf{énin BSome
tube with 10 pl ugged ends, for exarrp’l . Since the energy densi S

hi ghest embodiments.dbe Biiemreainglyde sarsars; $1@hé§terrm@tqrewe@@ssn@épnsp not
shown). The system, such as the controller or the sensors, can monitor the flow rate of fluid

35  delivered to the catheter, the power levels and frequency of the generator, the impedance and/or
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a distal portion of catheter 802. The el ectrode array conprises a
plurality of electrodes 805 positioned to forma vapor generation

chanber 82{5}03&@/@5@% in Fi gs. 8a- 8b, the el ectrode arrpyr86&bosaaises

conpri Sfé ﬁﬂ? S8Rk Erg I;L.e?rxg}efa%tg or ¢ %1691?0&%3}5’1}331 bPfhe AR R the

bottom sur ace n anot the el ectrodes” can be on only
one si deapof g@daatlon pheenbeghhwn(ewnéodmwntsethb hertroﬂlhecaaad,tumh@parmnetbm i tie

th heet

cat hot oP*ka R drctd Bwire AP Poutiot e R bl Soeld b St vamph
to the srhas agamaai ﬁtpe&@ce,&gsmﬂm&?&n&eﬁamamotﬂletep&tdpeﬂuﬁé]@ﬁsslﬁé refractive
el ectroprllaf Thi s rt| uI a&l LH‘oodl nt ca nmaxi m ze tg rode

sur face! ’E’Fﬁ"ﬁs% 0‘80 qtheregby 5 PREMCITE RR gF @ Eﬁ mpnugy.
capabi | jdoyshf f[ﬂ@el%é’t{-&féfaﬁﬁy cadl éaﬁsuﬂmer@ap@ g&%faaéﬁalaﬁ%mmgmmw

with fluid in this enbodinent, nore fluid can be heated 257 n a given

armount otlet phthe ligwid seprdyalvmenx Aﬁﬁlz@mm;f@gs d&bb ond 4a-diRdreamporggneraticn t o
Fig 1, cﬁaﬁl%exeéa%%te gﬁgﬁor?e{gg?xﬁxs&?gﬁlbﬁ)ﬁtg@&{tﬁét& %aﬁ??g?e&&%%}@l%?%ﬁ 0 _an

energy source,
gener at dispesadb d:t%en tR& OMyor g&@kdﬂbn ckimlgpe and avapor pdrh1 Bh OIHeefrovnemtnchomthe

t he, ener, source.c be a m ener at or ratin f or

ex kbl SO ppEce e Breaine Wit Mk Gn Bt SHERber s HERehbien o st fee
can be JapReRRipEHERdywHeR D&Y HdadhStel MO pbitah be lrpmw@b 6f Ii‘ﬁlvtb qeo

O her swtabl e RF, mcrowave or_ photonic sources, nay. be used

appr opr flegress wWhen ¥ewis Beisehete At ]élghftrh@l@%ﬁ‘éﬁﬁaﬂﬂy icdesierd. d%ﬂ’épt i onal
contr ol Lepoddgat sAen £OMES. 9lah&5, tﬁ@ﬁo@‘?es‘tﬂf@tﬁgE &rmb@ ngBBPpoEEls WE'B%&'& in

or can e a separ ate syst em corrponent In sone enbo |ments
syst em plaee Witlih thpecadhstes using highdémpesature agkasiveu freotber qmbgdmnﬂ@, sm@bb ased

no r r._ar n
ront  or TR YRS B0 Pl GBS o 3ol BrIHACE e B8
power | esedlastherftbwf rettjotenncy of the generator, the |rrpedance and/ or - 8-
WO 2010 S59BCT. 09/ 064894 resi stan of the electr rr

2t he QUSHler SttnsdNSISERE VERB ETGHSTIRR 200 G0ttt oGF iy Re: o He
vapor geRedtail @@st@:ﬂ@ﬂb@{dudle@bmzeél&ﬂ@umyssoa}; plenged S@mi) 5@, RN

adj ust the paraneters of the system such as the fluid flow rate or

t he powesnertorty 8, fiid grspplidds,, an%é@bvawealeééﬁs%w%m §ofmay Byther igelude
senggd béﬁE&Q i\s:eEk&?o%%geg@m R@%H&%aﬂf@ ﬂufdl reawo«'ﬁtﬁz HEIPRkAEESon and

"pr essure, I’aCtI ve | mass or vol une Ot her
enbodi némpmsmg lgentpd Syatest,cnd seaersisas aﬂs}ya@meiﬂom gtatdsyondg ooBsEyeliie

at “che Bare BpsETle A MR RHHARAE | RERI RN R oREh S RaR

4a- 4b, thweyHpokvgethe vaior drerapyapitan S0Gishove ipFa. 6) winlemeaﬁch&mi:l cﬁ"faafbpor

Dot woondRENCRSHE SHrah it Peltr st E YL p PR SEHEORL e o

respsi CB&facQ@éh&&té@thﬁﬁﬁﬁ@yﬁt@n@%b'fﬁ that the pressure within the
vapor generation chanber is_ high enough so that the vapor is

super heéﬁﬂééﬂm Seody 502 canthe 4 nigid prepdwigrd elangatebodyrand san bause plestyade aapy e
of 100 %9 A FRILS BSedISN: dahbgmsgéseagﬁaam @5ﬁmé’sodgagﬁ%ld ﬁm@' gher

steamqualtyls Si red. I ment own I n
the fl ommsmmtmtnomth the tbctmah afranmqoﬂmcbu@ermr’ﬁﬁlboimdéhbrﬁmbpdlmets,vﬁlc hi n

t he cat ter u5| erature ad

motal - bagea oAbt IREU el S el bt ERRE R ocf
m CBO- I EﬂﬁfBﬁéSIngiélS gmbb@maﬁﬂlgé m{lmtcﬂdni b @@poirgynebation sﬁﬂnm igd dieerfel @Way from the
restrictor . ustrates a vapor the Sste

accordi Ag* ww&%ﬂém ?%@mv%ke@wgg.%}@ﬁmfstﬁr %ﬁ@éo%* "593@@11 be
body 50Zgya8b&Gh bgél-?a A dhcalifat th MM 6P BRmbRP $ad dﬂ%w@cﬁé‘@é@b?éd Vaber to

fluid reservoir 512, and delivery needle 514. System 500 ma urt her

i ncl ude flppdeam avapos senergtioncharakrs 539 phijie Body, thramghyaersiet 14rintg fcpatlmt ulnd

another embodiment, Plunger 508 can be in fluid communication with a reservoir and an

35 electrode can be in fluid communication with the reservoir, but the fluid is not sufficiently
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25 surface varicosities than the system 100 of Fig. 1. [00055] Body
502 can be a rigid or sem-rigid el ongate body, and can house

el ectrode woraw/dadhe The delivery needl e 514 can be di spogesto®nessos
di st al t

ol oot ot Bred OSmae R enc Tl ot SOy ARV b AL Bow .
del i ver presseedif¢heslluid edichle heltslgysbelelerirode ungﬂncratealapme réy seigthiredyetre,
such as. cat he 2 ri bed 30 abqgve. i ment, th ut put
From a PapBreldin PRREGOR maniap SieRan e mpisdieRlih FEF finereted o i
mai nt ai whatePlafiges 908 istadvaded € silgee X d26t th e dcasraRE ﬁimﬂﬁte@neﬂgﬁlﬁeﬁvw foQie

Pl unger 508 can be adva ced t n a valve_ located at the_ distal end
of & chélRfiede. Hbsoa}elegw &@mﬁwg‘ar %F,Blﬂw’c‘&{lﬂF P BUP YRR 25 the pyRDs

gener at QB aBHR. ﬁngieH{'er? h&dhoriy i %QWa&&ﬁﬁé |t(?be5ﬂi§er!eﬂ §fo 8 vBRlFENt .

I n anot her enbodi nent, Pl unhger 508 can be in fluid comrunication with
a reserpasient whils thabaly We%pqme@amldeﬁ anpa’aleuﬁ dosesivenu in dharicovbodiments,

th I 9- WO

20?0/r 8Z@@é%&fﬁ%@%gﬁﬁbgpﬁ%@%}nﬁ@%@ aaggguge significant flow.
Pl unger [08085}c aThdsecdtbwan be disposed easidisgl bﬁtbofrﬂa@delnra@ lmne:ssitheeloﬁgaltm e
g e o B b g S e Yo R bt R Rvorbs SRR

c 0 mm ni gBhé ﬂébdw, tt Radt BRilg 6BQY BlredghIhetein hat susbsTull) aLaRe ﬂm&wcfsmes
advanced a sig is sent to the generator to initiate ener

del i ver %theéerpﬁeeesi eAceest alswg they snticelepired Hsgtmenb lepgth needbngs og ﬁg}weiisThus a
repl aceg, st tdh f%ed%ﬂd gfﬁéedﬁﬁﬁcﬁ%iﬂﬁe fR8téd BeaBRRLEnsiTER g%hd ofery
adapted to be inserted into a vein o

needl e 512 7i's typi

pat i ent smdll ¢rgottunas Bmygﬁﬂzems Posnecilgrernbowstandded ypoderpag nasdle or it can
Ho er her i n

posi § omelyl fOelenBrRRE: ThEkirer FBOL IR HeREE dun RS BuBPasfetntyn
a di st aincempdratifig 4 Tav ek cordlngtingmateriad bntblis oeleonghteorly ineintliag an active
descri bed herein [ exarrpl e. Once the vapor is generated and

del i ver@?ﬂ’hB%fnSWﬁ?%% Pp of the needle, it can easily travel through

the vei moesH svpgessddilthitratd VAo LeneRtol Cabes 610 Mapted &f fratAfe aHigh
needl e access along the entire desired treatnent Ieng‘eh need not be

achi eveWmpPerRHEe VapoE prgieam wihingnclongeta enbrbaichas thrsathelsrsariclqagate hpdipe
reqy r e&'eskﬁ%édrasa&e I Gtk %ﬁwﬁeﬁk@ttﬁw oP%en%ﬁﬁlnll ciRintPbd fsposed inan
superficial veins needl e can andard hypoderm c

it can glangatﬁ:bqqlu@dmtﬁbﬁo bﬁapﬁ@rtect)mtet aveiTpka patieet suchas forctite \tehelumemdectlon
can be {h”?aB ecgher%lmtbla? fs ﬁe‘n)fbepx "&C% %JI Aut pvgtlgrﬁ I;l“he YaroL,
conductlng rial” on sGat er sur e or ng an act

cool i ngg¢nemtiba thanthes Bmmnpr[seoﬁﬁaécuﬁdgmamﬁwhwh bajslieramyef the\ebgotrode

generati on chanber, 620 ted t enerate a_h ure va

O ol ARl nrin,, £ttt Be YoE i uin bt RLP bR B A RE
bodpes géheRRFWD qﬁﬁhﬁd’!}svﬁmd'réheﬁv@%mf’dﬁﬂ@bﬂi{ﬁﬂkﬁﬁzg RRichaRR IncHAB 6f Gk RIN
chanber can be dIS osed in an el ongate body adap fed to be inserted

into a gaierptess and iiliati FSREVoirs fesgried lﬁﬁm @M@ovellmthe@ﬁe Asdestioed dove, the
t her apycorin%nald”gﬁ leaft TORUARY fhe n&%ggﬁfonfe%b%&n{é%' ahh%}%isc{)w ]bﬂgte

of a patient e vapor generatl oh chanber 620 conprises an
array 60dm thhRE lgemraatohe any of the el ectrode arrays descri bed herein.

Furt her the v ener.at i on chanb r. 620 . .can, be c nect F
b orclTDEn & omeRRR fordEhh e P SR ARG EePaoi? BioR G AANEE! dlich Bl
whi 8t Casw badistideedokith Mm&&e@@ﬂgg daadcs Refedriigd toiRile, 6eSfyid odn te dddseaed hed

herein qQr. known.i the art. crlb bove, e control l er_ 628
can be ﬁwfiersﬁewrt tt%an%tga}%&oa %ggﬁ%pg%g@‘ RS PEEIYTIREH™ES o

be sepafgé fuifilc@ihé Heteie s ahPbthel ﬁg%ﬁh@ﬂu@t’ﬂ?ﬁ@luﬁ@éan%'ﬂl@ﬁ@&ém a
steamin a catheter or other elongate delivery device w |l
constant or variable fluid flow rate. For example, in one embodiment a preferred constant flow

rate is approximately 3 ml/minute. In some embodiments, controller 610 can control and adjust

35 the fluid flow rate.
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30 now be discussed with reference to Figs. 6a-6c. Referring to Fig.
6a, fluid can be delivered fromfluid reservoir 612 to vapor

generatl onweohaagsss620 by punp 608 or ot her pressurl Z edpiBasBuy/05 04
fluid c a

flutg QR GaRKCIHe I bisRE o8 ol Hodh iy P APHARIEL s boAlithosfd e
exanpl eyapon gmmtlemblmhnhree 620, d)mrnmf gnerehbxm‘fnmpc&mhe flumhvapart generation chamber
appr oxi ma 3.m/mnute. S enbadi nent s, controller 0 can
ht ol ST herrine) Wil Pyttt e A, Mpting amning region 622 s
2010/ 05256 fdgiva29/ Qﬁ%@ﬁdc{v%gé&s‘teaﬂei@onms RE tHzemed 869§ theckizh €N

provi de power to the el ectrodes 604 disposed in the vapor generation

charber vapepgeneratipn ghagahes angd payyer srapphisdde thft dectrofes theflapos wgenediadhon
chanber yeanPR AR5 bhtén\ttéﬂtm& RIR&ed td Pl téilﬁ einttetsuEﬁgg legreps,

i ncluding war m ng regi on 622, steamgeneration r 624, an
devel op@entigradant stegh rig pessupes thetfiid beging to Itrenﬁ‘omhmmjgwmh@ sEeaweip dire

gener at i o de fl UI

e v riseits GORRESh L S 2 T @83 Gk b S TorE RS Fabar e i

suf fi ci eathes ﬂmfelt;admbpe&stm eegichR6 gt whivh Gaoah it e istdl end @ﬁlﬁ@hﬁfor c
pressure, the fluid ins. to tran rmintq g v Qr steamin the
st et g&merLeR stwntbég?fﬁexme cafetery, T emotsPinin sl epRe 1 BEET AR or o
i nto vagehsihtrib Eesstuténalghhr t%ﬁi@@rﬁ&?estvhﬁ bE %qhifedjﬁiﬂqfﬁﬁ)sel@wéﬁ tﬁ@fﬂ&tﬁﬁ%ﬂéﬂc
626, after which it can exit the distal end of the vapor

gener atPTSﬁu@nmlﬁéF‘?W@“é‘ﬁﬁWllltg?éefé@t"ﬁmrer | f the pr essure |n t he

i 11 ol OPRO, "RARhe hRp sPlcRER, i BRfShl 1NN bon (TR Salhitan o

t enpe r atenseddo tﬂ.etlemmgetf@rfhmehasa“pldv dex@tooeﬁamm uappn‘gpfm pmtmg edistah endof tha

Gor I TaRof FERARE bt BV BREhoARERAIN, A FAARE P e SRRSler s, o

a di st abensing wiicthichthe Yapotapfally devebupat canbeiuatidutily ulsfﬁzsiemaeﬁﬁ@gibﬂe nts, .
t he signa 5} i.S sensed .b the controller 628. Sen et her th vapor
i s ful | 3PPUERHONSSBY! 354 éfeﬁ‘a?ePF NaZF9sy VGosrtiers W%‘H}mé}u

applic a&dv@[dﬁed FdpePtodRe Véind fRsulls i AbfRiHecPfe HAIO SR 048 'eﬁiﬁodﬁﬁéﬁtr ﬁle
dellverln |gh guallty fully devel oped vapor to the veins results in

nor e ef ¢ledxi¢a) Enp e elecirodmaraymen ae pRased. In piheeeakadiments, thenpedance
of e

Cerbr aFPERBpERT BE [, £ABeAfS SRS oot et MBI RALIAE Bl OF il

fl ow rapm;lmgclassrub@sensﬂd simlar paraneters can be sensed. 1000611 The
sensed nin t he..r ectlv sizes d/ or. ons of
She v TR0 S oI Rakdi? B Heopti R s A bR B i i S

st eam regioaystetni fandratibe re@moﬁn(glﬁﬂ? Bateloped stbanBgion Wittin GaaPérgienéstion
nmore fluyid. is contained within.the M@a &gb&éatlon chamber 620, the
25 i npeHRHOE Jiot FHn £ FIopgiEn uid i coptajiped|wi H&RoT gprerqten © Emﬁw 0, the
delsyer ﬁ&beﬁ&mb Bethe |e%ﬁ6&da?ra§hﬁﬂﬁedr@d§@' AShowet adliverd th he ele@’@@&ad?ﬁ?
decreases, then the warm rbgwm%l on, steam generation region, and

fully densingsessta anike impe preasepthen the w@mngf reigion; fieany gensration region,

Poi Ty iy BERRped 88k RAKGRLBRRIY R PHENE ol Perlaflon Bimee, o Hidteated
]9' Ir Fct ![ bmarrctheﬁSOfln tigl 6. dfithe filty cgdgdzfrmn?&gmné% sinftT:tmarfh'?tll tHeafistale
ully or m a_vapor. at i ess uidis
cont xi rTRPL iR i eyt iner st s o<five i ERiRiecmitgfo b Rapor
el exqg r Oﬁﬁexﬂﬁtiﬁw,m lebs flu16 iscRsRinel withiethe OMRE gélrtdtive cRdntep tHeiipedance of
el ectrode rema s constgg{? as the inpedance increases, then t he

war mi ngtheé L ipsrrareatlf the powgs dnliverssh tp the plegtrosle papy pratpinstcensiant
region yit m%ydtﬁce@ﬁ&ees@etﬂex tuetvgrhﬁlgtegeﬁ seeﬂlegeﬁefaeéh ﬁgeﬁgﬁa ﬁngﬁ
ped stedm

i ndi cated by ‘arrows 632 Fig. 6c¢C. the ful evel
regi on évsloped fteam ;ﬁggm\ww slnﬁ proximaly gﬁép vamggeneratlon chamber, as indicated by

arrows 632 in Fig. 6¢. As the fully developed steam region 626 shifts proximally, the higher
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[ 00062] Thus, the power delivered to the el ectrode array can be

adj usted based on the sensed signal to fully devel op vapor in the
vapor genewatsi@gi on of the vapor generation chanberpcthuskbivfesases
all s §ein e is pRRABRY WP IR ARATHsPEAIR Ko biufidelf

devel op@% \)Zl%gr lfﬁ)om {&% catheter to aS tardé;iet1 tigsue. néfsgen\gapBHJIMne
enbodi neprslucedie power can be adjusted by controller 628. In other

enbodi t wer cam.be | st gd by mani pul atio f the RF
Gener at L0731 o tFud ETonER it Erch WL 15 kPt AL R B R 458 semses
e: ect r osignahta Aaily déwmloblﬁve@_ oipinehe taperganbratifowgion @€ thewap@teh@atidhechamber.

el ecirode array. can I ncreased as, the i.npedance decreases to ensure
t hat vaﬂlﬁﬁ alfeyy GeVRor § emer%mﬂ%&ab r?lﬂ&ffeﬁaerﬁﬁﬁx%ﬁﬁma‘éﬁ@om@n
chanber e khthbtBero TRSHANGR, | RGHRRLEDodiHRAR, thOFoRQWEA bERihN&I B tohRolidre
el ectrode array can be decreased to naintain the ideal "anpbunt of

heat i ngb2% da offier embpdiments; dropovige pay bt adisted by inpnipujation eBthe RE gsnérator
Thodi .

censed Hibn e finsY SRETISAE AlliloR oE AP e} 336, BARER, il K¥bower

vapor géeiprert tothe elvatntierarey narbles ibEreastl asthe dmpaiahed deyreasey &l angure dpdvagon

sontba S irgRefsrBredieind falRadte tpor HEORlRtaPERE 4 R mPSAaLs yesses, ten

| npedange pbwer ®Hsasd td theBlebthsde bhycdnetlctiabed & mnbiGtaAHE HehlniBribnéRAI N
the relative pogvlétifl on of the vapor generation region. Simlarly, if

p
the i npRAHRE FopPPEA8R¥aDof BRNCTAIGNGR%e of fluid can be decreased. As
descri bR@ogdiov & othBenbainfMAARRTRIGH PartBteRQaR Ot HFEEL 1%'&96%% Ectlséd/
by controller 628, or 20 alternatively, can be adjusted nanually.

[ 00064] sigupl phapegmbhdianent, ther o raterfiflved inta the vape getiesatigh champbep art e
vappd g i ' .0t ti S weln to
ol b, ¢RI LR BEb Chock B2 bR Bk Btk e Ee PG By et

Ul t r asoerachpdy, ifftheisenasicigml iveye inpedemeclof the dlsstwle anray, lhed g ippaiaacent .

[ 00065] Sal i ne or other liquid can then provided.by the.pu to the
Vapor _girsrs Bin Bs AR G be el flmBrta B8 st piidH oFing oot
exanpl egenefdtioh Regidit- SaafatRifakie aRdiice dedeasf MR flonorate flalddih b decreased.
array. The liquid flowrate and the | evel of RF power grovi ded are

i nter deff H%Péﬁg?d RAYE: fcsySFmBTamelass cande 4djusse ayopatiety B coniTolers2Beor

vei 5o f | Qv MREk OdanBe 36fSEnAIeiNg! - | n addition, a thermocoupl e or
other tenperature measurement déevice nmay be provided at the distal

end of [08864lapdie pepide heat theraptoribe egin.ithe @etahiinef theeapbugsneration gpsheter can
generat Qr. 4 ) [ e I e
dont ol Pe ARETyBh ARG s ARG AR AR cicli1 5P BGREA REBon Yo iR
ensur e teldadtioanUtrdsotd/ordbvsdscppydnayciearsed © adgbticatheterplhdentent. he cat het er

to the ' [ 66 apor cqndense n_venous, tjssue, the,

o1 s olfibBsl. L SRE b el AR ek B0 PR e DR SO g hE P e B Honatheter
to 3ri fte faR\AN do 5 MI/ntihe) foPeda@ MY, Andthe REI glnerktdLol grdvade powrer &f the he
vapor generation catheter nmay be drawn back as vapor is delivered,

such aselgéirode pgpe Bre ligyistflov rate/gndba lsy 609 B gower peydebas duigdapcansncnd
of the a1 aRafte B ITAR (RRRELER, | Ho e R el R LPRICRh, o
del i ver thdrmagbuplo or etber temperature measurement device may be provided at the distal end of the
vapor generation catheter to provide feedback to the generator based on vapor temperature. The
30  generator may also be controlled based on electrode impedance, as described above, to ensure
that only fully developed vapor is delivered from the catheter to the vein.
[00066] As vapor condenses on venous tissue, the released latent energy or heat of

vaporization causes the vein walls to shrink inward. To treat a length of vein, the distal tip of the

vapor generation catheter may be drawn back as vapor is delivered, such as at a rate of about 1
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[ 00067] As for additional details pertinent to the present invention,
material s and manufacturing techni ques may be enployed as within the
| evel of tWoewwsédaeskill in the relevant 5 art. The sapmr/mygghmgg4

true w iy LesmeGnhid Q&it mﬁin %@éf’d’eg@éd%‘?ﬁ Ia?g artoyg.%é &!%?Qﬁef 81{1]1& Peih G d We

of additional acts c monl'y I cal
cont errpvcdumcland\tammngar@tpﬁth@stadm being dnlefewﬂ Qﬂtreummventl ve vari ati ons

describ, set,.f.ort C |nd nde LY,

conbi na@ﬂgﬁﬁw Bﬁférﬁ?dlgﬁaalgft% é{’%q‘npfoﬁh res m ¢ ?es%l?tle%edmher ein.

Lih kew smanﬂfaftﬁhlgne(f&nﬁ@eamay bgethployddts mlﬂlimm& Laiel&f&i(k)tge ms?]mu ih lr;}*lteyelb{mt

there are ural of t itens pres re 1 ecifjca :

used5 he"frél ea?ﬁﬂ‘eﬁ?yt}ﬁ&e EPe(?'ft&lni’Féh"df%?é c@%ﬂﬁ%ﬁ %f ﬁglonépte%ns o
"and, " aR@idtal ac%fb@nnﬂd%%r or laﬁhélﬂreerr@ld’}’éal A!s%f@{s%@hﬁniﬁ%éﬂ&ﬁattah?oﬁ%me“

clearly dictates otherwise. It is further noted that the clains

be dr af featyra of thadaventive yaetiops deserthed anayrhsiset fortks myiféﬁmeti m@p@ﬁmt%@m
t f
Is in e&%‘i Jh%n%wggﬁvagly?lj’ﬁq Bﬂgﬁﬁ%;?;? R 1 d;l%?rﬁée &eisl&gfed.‘ﬁﬁx%uf? Llﬁé{@'s?e e 't%{ Ee

t ermi nol'ogy as € in connection W
recitat mmgul:trﬁtcni, aichnded thrpotsibility thatiherecdre plutah eftht sane¢ itémsprosehi. dviore

Unl gss 15 ., ned otherw s e| n tec ni.cal d_sgient ,t;, "
Cor iE” SRa R e fpa e a0 o2fie Shibadfl fors BB HAGHR Bt SPRbL i amd
of or di RRE"ind#dd flutalrefdiéntuitless thendhiekt dléhﬂg didwmm@msbetteﬁﬁ@meﬁmed that
breadth of the present invention is not to be |imted by the subject

speci f i Bgclagps miybe FraReLio sFAiRge Hy apHena) elemsnieisiupy s steismery igngnded to
terms emploeticceddR vk 30RIEPRRETHRZARILALAS %&A&l‘ﬂ@éﬁeﬂy&? "Gt Melind fice in

1. A method for generating steamw thin a cath risin
del i ver ¢angedtion withghe reciatipnmd elaiye plemants,on u@dﬁrﬁﬁ@ﬁgansdelummnn glniﬁ@s/\e r

sent ng it SAEHALI RYci! ARGIERLRATLichdlid RBPha SRR At OB HBERE o

del i ver eonthanly bﬁd@dtﬁﬂlb}&d& oﬁbrchx;arjoﬁsldadl theatt ttew]snehﬁnﬂnsergmalbelbmgsf lhkey
t t h J t hod.. o

OF s TOHAR 8t RSt yRAion 1 0k70 BBtk B R Shbject SBecl iR B it oty

cl ai m lpyuhepRiidimbAnSdithétlainStefnd éripldyddl ow rate. 4. The met hod of
claiml1 wherein the signal is a steamtenperature. 15

-13-



5. The method of claim1l wherein the electrode array is a bipolar

el ectrode array. 6. The nethod of claim| wherein the power
delivered is decreased as the sensed i npedance increases. 20 7.
The et hod WP 28108596590 wherein the fluid is delivered aPCHUS06pH6EH4

fl ow r at WHAT IS C1IaIME®ISret hod of claim 1 wherein the fluid is
delivered at a tinme varying rate. 259. The method of claim1l wherein
the fluid is delivered at a rate dependent upon the dianeter of the

vessel or organ bejmehéd Pa@@rating steam withid @ catlidie, doiphigidgof claim 1
wherein the efmer_ S ad|usted autonmatically by a controller.' 3011.

\ ] I
The method ofdelyeringa RIPRPT EFRSTANONERAMYST adj ust ed manual Iy, 12. The
met hogl of cl %dﬁéﬁn?’?%&i t8 ah BBctioliél by GspoRdion 8r mmPorI%éﬁerW\?%ﬁQn&E

claim1l1 where the uid is electrically conductive. -
2010/ 059659 PCtrsigAgnebeifodectrode arrayqandp vapor generating devi.ce,

conpri sing;  adjustify I SPSWrer dEIRRFBld BB bRl Gray B8 o‘ﬁ%enfb@@%ﬁﬁtté Ry

chanmber havi ng an el ectrode array di sposed therein; a fluid reservoir
coupl ed gHcralfevaperipheyeprs canarasien ehaiser : an RF generator coupled to
the el ectrode array; and a controller configured to sense an

i npedance of the el ectrode array;
10 2. The method of claim I wherein the signal is an impedance.

3. The method of claim 1 wherein the signal is a fluid flow rate.
4. The method of claim 1 wherein the signal is a steam temperature.
15
5. The method of claim 1 wherein the electrode array is a bipolar electrode array.
6. The method of claim 1 wherein the power delivered is decreased as the sensed
impedance increases,
20
7. The method of claim 1 wherein the fluid is delivered at a constant flow rate.

8. The method of claim 1 wherein the fluid is delivered at a time varying rate.

25 9. The method of ¢claim 1 wherein the fluid is delivered at a rate dependent upon the

diameter of the vessel or organ being treated.
10. The method of claim 1 wherein the power is adjusted automatically by a controller.’
30 11. ‘The method of claim 1 wherein the power is adjusted manually.

12. The method of claim 1 wherein the fluid is safine.

35 13. The method of claim 1 where the fluid is electrically conductive.
-14-



wherein the vapor generation chanber is adapted to transforma fluid
fromthe fluid reservoir into a fully devel oped vapor within the

devi ce. 15. The device of claim 14 wherein the el ectrode array
conprises a flattened configuration. 16. The device of claim 14
wherei n the aveunoodesvarray i s di sposed al ong an i nner @crwswbelsenge
of the catheter. 17. The device of claim 14 further conprising
a second vapor generation chanber. ~18. The device of claim14
wherein the fl Jdfd i & venergaeerating device] gomprigiagidevi ce of claim 14 wherein

the controller ﬁ?ﬂ%@%ﬁrﬁt@h le¥an@fdt, lﬂ%[vﬁpcﬁ' PR SakibY eS8 BY glE&ifc‘JdBﬁray

generator to t _ e array based on the sensed | npedance.
20. The dedifnosedghereipni m 14 further conprising a delivery needle

coupl ed to the VARl RELoaIOR td\RIR S eneration chamber;

an RF generator coupled to the electrode array; and
a controller configured to sense an impedance of the electrode array;
wherein the vapor generation chamber is adapted to transform a fluid from the fluid

reservoir into a fully developed vapor within the device,

15. The device of claim 14 wherein the electrode amray comprises a flattened
configuration.
16. The device of claim 14 wherein the electrode array is disposed along an inner

circumference of the catheter.
17. The device of claim 14 further comprising a second vapor generation chamber.
18. The device of claim 14 wherein the fluid is saline,

19, :The device of claim 14 wherein the coniroller antomatically adjusts a power

delivered by the RF generator to the electrode array based on the sensed impedance.

20. The device of claim 14 forther comprising a delivery needle coupled to the vapor

generation chamber,
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