HOT TI P VEI N THERAPY DEVI CE CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This application clainms the benefit under 35 U S.C. 119 of U S. Provisional
Pat ent ApwbizeoawisessoNo. 61/ 1 15,864, filed Nov. 18, 2008pctriusk@d/ios4des Ti p

Vei n Therapy Device, " : g | i cation No.

61/ 228,298, filed Jul yﬁ@wmgw &eﬂéﬂ%ﬁ@m Ther apy Device."
These applications are herein incorporated by reference in their entirety.

| NCORPORATI ON BY REFERENCE Hl)&%é Al | énglpt?l i cations andégat ent applications
nentioned in this SBOSSREFE EL Q& ATERAPPEIGATION 1 ef erence to the
same extent as if each individual publication or patent application was
speci fi00al]l y dha appbicatiod ehlithy thertahefittuadert 35 US.CndOrqfdF.at Rrdvisipnaldtatenénce.
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superficial systemincludes the great saphenous, snall saphenous and the

| at er alThesampHeidess” Jheseeapplicativas deedisreie insaepozated byeaferenceda shaitmntisgiyeri or and
posterior tibial veins which unite to formthe popliteal vein, which in
turn becones the fenoral vein when joined by the short saphenous vein.

[ 0004] The venous systens_contain .n - alves for facilitating
bl ood fl ow back to the h@@%ﬁ&ﬂﬁm‘%ﬁﬂ% | y bicuspid val ves,

w th each cusp formng a sack or reservoir for blood whjch, under pressure,
f or cesl0PBY f r Adl publicatians and pathet appEeationdmentienedin thiy neeilicatian aregerstle f | ow
of; 4 he d o) oW he,. t | L.nconpet ent
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unabl eagplicationsasipecificatlytdnd indisidaaltpindivhtell @6 Be cprpoped Beriferamd. r et r ogr ade
fl ow of bl ood cannot be stopped. [0005] | nconpetence in the venous system
can result fromvein dilation, which causes the veins to swell wth

addi ti onal bl ood. Separation of the cusps of the venous valve at the

commi ssure nmay occur as BACKGROUNBDOF #3IH ENYXENTJON r et ched by the
dilation of the vein and concomtant increase in the vein dianmeter which
the | e@l03]t s tThahemas velwus 8ystérn g tirflotvbelithB abhsidtSesvéntiallg of dirGuperfiaial e

results in redundancy which allows the leaflets to fold, on thensel ves and
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 unable 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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| eave the valve open. This is called prol apse, which can allow reflux of

bl ood in the vein. Eventually the venous valve fails, thereby increasing the
strai n amsopnessawse on the | ower venous sections and ovechyise@owsssues. Two
venou %&hﬁﬁﬁg fi WRbgT AN d fills, 'tmfe%&vﬁceésgiﬂg el sBhinQMd r&sB oh IRSBWEE | Gduand
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t edi ous, tinmeconsum ng procedure and can be a painful and sl ow healing

pr oc es§noeTystenceredws withiy the syneriiaal systeg- and the 1 oss of the vein for
futur ent | i . I t.
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vari cose vein conditions iInpractical. [0008] wer, | essS invasive therapies
t o tr ewerringrand deelossofithe vein fardoturepotentialeardlaciand atherby-passprededinek magid/ or

createlan ir]j(u to.h’gt vei n. |l thereby.faci.litating the collapse of the
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engr 9YpdRased rédue HafRlslySiisdh tAS vAIRSIeF probRei 8 nbt estkieRray D) thedbng,esi sti ve
heat (‘heater coil) that effectively elevate the tenperature of the vein

wal | tasdeanssanddedipagesivie of thesurgien prosedures reping mBRDle o sectighg can
dot heJ j 1 .SCl: , ' '
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t r eat masii ca@iddsdmpiaeticalof | arge migrating scl erosant bol uses. Laser energy
delivery can result in extrenmely high tissue tenperatures which can lead to

pai n, WPBFlsi ndledica lessrinyastys hesnties o frepivaricaseaysins 1eclpgpintralumpnasEesimete d
Widoh | SnALRY o d/68GEREtn iﬂg@% i ®3i Feagz Ofﬂhgﬁfaaﬁ% ﬁfé'c’oll&ﬁsl ggmh%rcan be

i neffective due to 1 ncon tent veln wa act (especla I n |arger
vessel lmjnenTHheseahérepies inshsle delerotiatrapnaswelli ehcalstéragmergy-bassd seatuents such

as laser, Radio Frequency (RF), or 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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heater coil and RF energy delivery also typically require external vein
conpression to i nprove energy coupling to the vein wall. This is tine
consum ngwendinssssagai n | ead to i nconsistent results, hipcadseamomssdue to
the siz@naghPhishbdctdes Wil 14186 HRAGLRE ahtdfndnshll #efka Wifaer s, none of
these therapi'es are currently Dbeing used to treat” tortuous surface

vari coslerotberapy. | ar ger spider veins. They are currently linmted in their

use t ge vei.ns, such,as saphenou eib,n ((GSV). Tortuous
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scl er ot her apy. %00_09 U S. Patent Appl. Publ. No. 2002/01 77846 describes a
cathet ¥t ofifhafaxybliegtion, thy devps gaerajesevaper ig. a lajger diemgter gaipmyber prasdmahteians. | n
one e i [J i ti i i . f 1. blication,
the deuraisrSdherqEaEeisERR g s, 13 delchl TS ph S SO 2

smal | encstpamaaiddrerei@bhedferenend cat heter outlet. The disclosure of this

pat ent EUbl ication is incorgorat ed herein by referepce. [0001Q] U.S. Patent
No. 6, 88010102 8).3 Rateny Doe 2 6828, als deretibes. pneahstercRasest vapgs tystan B ussid j n

shri nkjn: j i £y i t dA5RA i di nment,
el ect réé‘g‘gls‘ﬁ%?gg%g‘gstégmggﬁ g%ﬁeggiaﬁggﬂlr%g%g%ggd é)r}ele neafm? ’eel%lrﬁg)fl al ‘end of

t H® cadppesier padaityriah eccassdd bpreateapthe sltstal icné df thapethetengenetdtearndeejector ot her

| umen. The .disclosure of this patent i.5 ipcorporated herein by reference.
SUMVARFeSE! qpmﬁhme{n@@il%thrﬂeno n@‘eéﬂ%?g%ﬁ We??itﬁlsé?aﬁ‘?ﬁlﬁb‘%?omatﬁ nerating
st eam pdrdiRiLY réfef@kbblet er conprises delivering a fluid to a vapor generation

chanber, delivering power to an el ectrode array di sposed on or in the vapor
generati on chanber, sensing a signal of the electrode array, and adjusting

t he power delivered to th I t he sensed signal to

fully generate vapor in pﬁgﬁ9§@%$9§gﬁgﬁgeﬁgﬁﬁﬁﬁgﬁggr. [ 00012] In one

entzodi [peo11] t e oseaabsiimeaa mettfodaor pénertiap 6@amWithiR @ Wetheetinigiised to the

el ectrodes can be decreased as the sensed I npedance increases. [00013] In
t

anot hedelivanegip M to arvgporsganeration Flagmher; delixening poyer toon elgeteodeagray 8ispasedt her

mbodi : ' ' ; 0 .
enbodi Soaris the upoE PARFh Bl o SHULPEREE Picifdue il MidlodhRyElE) ||
one enfuokrdelitered toethé kletttodesarrhglibasedrathatersed sipsdl am fullyl genemattvapod in theot her

vapor generation chamber.

20 [00012] In one embodiment, the sensed signal is an impedance. The power delivered to the
electrodes can be decreased as the sensed impedance increases.

[00013] In another embodiment, the sensed signal is a fluid flow rate. In yet another
embodiment, the sensed signal is a steam temperature.
[00014] In some embodiments, the electrode array is a bipolar electrode array.

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] In some 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.



enbodi nent, the fluid is delivered at a tinme varying rate. In yet another
enbodi nent, the fluid is delivered at a rate dependent upon the dianeter of
t he vessaewoaniomsgen being treated. [00016] The net hod caoTfuseddems4seonpri se
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patient, hi sone enbodi nents, d i'ng the vapor to the veln reduces a
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conductive. [ 00019]" Anot her nethod of delivering therap(i; to aveinis
pr évi dewedanserpy fudlyggnéralseieperrp the waphgensration chambes, ansi deliveréng thedvlhy a f ui d

to av I nerati.on chanber in the catheter, delivering power to an
electﬁ%§§35533§n§§§%6§%ﬁ on the vapor generation chanber, sensing a signal

of thgoedz®gt r irenhesnitydimend) the kérsgd tibeal poxveimpbdhnoee IThd pb@et dtivetedasd fhrde
array based on the sensed i npedance to fully generate vapor in the vapor
gener ReHRdesanrpedecigared gs thesepsed dmpedanceincieaisner at ed vapor to the vein.
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delivere ctrodes can be decreased as the sensed i npedance

i 1Or easwdinh@d(tRd kersed signdllies stearb oehpreatuize. t he sensed signal is a fluid flow
rate. | t anot her enpodi nment, the sensed signpal. is st eam t enper at ur e.

[ 00024P03Ts oo BRI HERELS, (b ogidlearane spPa pecodisialar el cotr ode

array. 04392 31n it SNSOIRIBRHMERRIA is'dBRveréd!itth doRstdRt ANPTAE Rlangthepnstant Tl ow
rate i- another enbodinment, the fluid is delivered at a tine varying rate.

| n yetenzhodithent, theiflodi isdeliveredha aftimé varyimgdatei Weyednotherembadimenspdindlsid isupon

t he di ter of the vessel or.organ. bei treated, 0024] The nethod can
Fur neli g Al S EemeRRE hpH B PR DBk Ve T b Sieah BEBE FdR e ol ver ed
tasa veom4f FheaieliRdican firted 0BmpARAIHINEMSvapdetd &/Sitiehd THiS/ap@kah beO t he
vein reduces a lunen of the vein. [00025] In some enbodi ments, the power
del i vedebiviered tq pucialof appidens. b some embodimenis.clelixeringthe venor tq/theyein reduncs 8l | er .
I n OtﬁﬁﬁwﬁgPﬁﬁi nts, the power is adjusted nmanually. [00026] In one

enbodi nment, e rluid is saline, hi other enbodinents, the fluid is

el ect riooedd]y toswhcémb@liments, the power delivered to the electrode array is adjusted

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

20 [00026] In one embodiment, the fluid is saline. In other embodiments, the fluid is electrically
conductive.
[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] In some embodiments, the electrode array comprises a flattened 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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[ 00027] A vapor generating device is provided, conprising a vapor
generation chanber, the vapor generation chanber having an el ectrode array
di sposed wbensiasgesa fl uid reservoir coupled to the vapoPCyarseras43n4

chanbqpeo) R GRNGERIIRheROUB 'v%br gf@néer‘i‘orF&é%?éeerHﬁ’er%ﬁ@Yisesaa d“éﬁ%x’yQJeleﬁE
configured to sense an | npedance of the electrode array, wherein the vapor

gener awobpled éhtbetyepor generdtipn etmtert ransforma fluid fromthe fluid reservoir
into a fully devel oped vapor within the device. [00028] In sone
enbodi ments, the electrode array conprises a flattened configuration. In

anot her enbodi nent, t BRIFEPESCRIPTIONOF THE DRAWANGONG an i nner
circunference of the catheter. [00029] The vapor generation device can

furthdpﬂ‘m}prmelas%&b@mﬁvw@frof@em%@p@nyémer [00030] In sone

oo oo e Ly R s SRR B iy 1

auto S a power

el ect r[OOImsz]lr r H;gsb}ysﬂdﬂmsmtban skosedt drrpelikposel ihAadieter bfa oqer endgdi nent
t he vapor generation device further conprises a delivery needle coupled to
t he vasﬁ Mgener ati on chanber. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00033]

Fi 9. Yobesed SHisTBhis6 1N1hs%‘é’te%oﬂ1e¥ 8HBS il GRK e?ééﬁbﬁé‘%rra{ B9RALd ﬁiag%aﬂ%:tér

cl ose up view of a catheter use in the vapor thera stem Fig
[00035}fal—'\4agsrth31ap§3byst¢mustrate an el ectrode array di sposed in a catheter of

a vapar ra t 00036] .Figs. ,4a-4b il trat e anot her enbodi nent
ofvaﬁo@f’@? Hé Sﬁﬁ‘ﬁﬁf%%ﬁﬁg Idgg?ﬁtoﬁétvﬁ?olréiflégpwgﬁ{?m t her apy syst ;m
[ 00037hod3ey- Pids! 64464 ﬂl%%t?a?te anapIYen&ahiQ i IRIVer fdapRdisRelerhtBd system

[ 0003 Figs. 6a-6¢c illustrate a vapor generation chanmber adapted to
gener dﬁmparawghamenp@tﬁ@mure vapor or steam [00039] Fig. 7 illustrates

anot h ne trode.arra oS cathet er vapor
ther apyOBPET K P B afy B8 GRbeuRhictt af bR oteh ol Rl Pr &
el ect r@germefapysylgtaﬁosed in a catheter of a vapor therapy system

[00040] Figs. 8a-8b illustrate another embodiment of an electrode array disposed in a catheter

of a vapor therapy system.

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 catheter in 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 via a
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
-5-



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00041] One enbodi nent of the
I nvention provides a catheter-based vapor therapy systemthat generates
vapor at woadbsw@besend. The distal tip of the catheter i ®cInmbkéosessagh to
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patient's |l egs. " The vapor therapy systemcan be used to treat varicose
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HowevdP0043] oFiesr1 anthddlustnie 8 vaperdherapy exstams 1@Qeecprdingiogae cppadiment g or
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efficifglcy of the heat source. In order to place the tip of the vapor
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to fit within th heter 1ipy,..it st. also permt, sufficient ]liquid and

vapor statialohy S &l T oles Mmidy' o REPingome BE TS pEbFporpdth” *ang
2 15l | uglisridegete. Waadditidr@raairngs Yisd it tQObadispsndedBoine meguarddadidreit, of the
i nvention. System 100 _includes catheter 102, el ectrode array 104, handpi ece

106, pinh 23 o gelinbag ity anressuneiqyitt, pnd beimeteses apb precisely, wistha valapol hoppieg s)
LS AR LR LSRR (A ESURLEL SpobtPentl PR AL
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of 1% logofovetates, ofafod ehymppleohdmp to 15 drops per minute in a stand-by mode to prevent
retrograde flow of blood 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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concentrations of 0.8% O0.7% etc., fluids containing other ionic
nol ecul es, such as potassiumchloride, etc. In addition to a punp, the
fluid carwbeodispasased from a pressuri zed reservoir _suebTas2@medsvne bag
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by a 0.010 to 0.015 inch wide spacing by 6 inches long 2 oz. copper traces on a thin polyimide
film, for example. As shown in Figs. 3a and 3b, the electrode array can comprise 6 electrode

25  pairs. However, in other embodiments, any number of electrode pairs can be used.
[00049] Figs. 3a-3b illustrate one embodiment of an electrode array 304 disposed in a distal
portion of catheter 302. The electrode array comprises a plurality of electrodes 305 positioned
along an inner circumference of the catheter to form a vapor generation chamber 320. As shown
in Fig. 3a, the electrode array 304 can comprise 6 pairs of flattened electrodes. In other

30 embodiments the electrode array can include any number of electrodes 305. The electrode array
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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i ncl ude” any nunber of electrodes 405." The e array can be configured
Conductive fluid, as described above, can be delivered to the vapor generation region 820

between the coiled sheet of electrodes. This particular embodiment can maximize the electrode
surface within catheter 802 thereby maximizing the heat generation capability of the catheter.
Since more electrodes come into contact with fluid in this embodiment, more fluid can be heated
25  in a given amount of time, which can maximize vapor delivery. Referring back to Fig. 1, the
electrode arrays described herein can be connected to an energy source, such as RF generator
110. In one embodiment, the RF generator can be a 350W, 460kHz, RF generator. In another
embodiment, the energy source can be a microwave generator operating at, for example 915
MHz or 2.45 GHz. In another embodiment, the energy source can be a power supply to provide
30  energy to the photonic device. Other suitable RF, microwave or photonic sources may be used,
as appropriate. In some embodiments, the system can include an optional controller 128. The
controller can be integral to the RF generator, or can be a separate system component. In some
embodiments, the system can include sensors, such as temperature or pressure sensors (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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to generate a high tenperature vapor or steamin vapor generation chanbers
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nexi mi ysed papwerlayeresistyf. Referring back to Fig. 1, the el ectrode arrays
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be use as appropriate. “In so odi nents, the system can include an
opt i ondikpensingrcontralrsydte®, antheenswnf oo f systepa¥0Ooan icotrespond, respectivelyRro

gener aélgétfod% rarr%?snl (91? 384,34%51?1&1? Eggneﬁ/tg} Fer, ?1(1)11 r%ge?'\r)(gir 5‘12, Sagclinseensors 118 described

above. However, the vapor therapy system 500 shown in Fig. 5, with the inclusion of a vapor
delivery needle 514, can be better suited for accessing and treating small superficial veins and/or

25  surface varicosities than the system 100 of Fig. 1.
[00055] Body 502 can be a rigid or semi-rigid elongate body, and can house electrode array
504. The delivery needle 514 can be disposed on a distal end of the body and be in fluid
communication with the electrode array and fluid reservoir 512. In other embodiments, the
delivery needle 514 can be disposed on a vapor delivery catheter, such as catheter 102 described

30 above. In one embodiment the output from a vapor generation chamber is diverted away from the
tip to maintain vapor quality while keeping the temperature of the tip low. Plunger 508 can be
advanced to open a valve located at the distal end of a chamber and allow the developed vapor to
flow from a vapor generation chamber 520 of the body through needle 514 into a patient. In
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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enbodi nents, the system can include sensors, such as tenperature or
pressure sensors (not shown). The system such as the controller or the
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System 500 may further include sensors 518. Electrode array 504, R

gener aneerperaOng f lew Heateordueting neierial entgiity optes swifiace paby sreluhiee &1 ahiepsi ng
control oﬁxstemaﬁgggle%%zsors 518 of system 500 can correspond, respectively,

to el erae 4 S 304, 404, RF generator 110, fluid reservoir 112,

and sejogosy 1Fdsdesee ilbédatahwpor ddawaiied chaniter ¢20 adaptddeo gpiyersiy athégh 500
shown in Fig. 5 wth the inclusjon of a_ vapor de|livery needle 514, can be
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del i veelyngreebildy ddigied anbdmsetiedintoedveimoka phtieht sudied fof the veintomyn xddctin i n
fluid therapy. In other embodiments, the chamber can be positioned outside of a patient. The vapor
generation chamber 620 comprises an electrode array 604, which can be any of the electrode
arrays described herein. Furthermore, the vapor generation chamber 620 can be connected to RF
25  generator 610, pump 608, fluid reservoir 612, and controller 628, which can include of the RF
generators and fluid reservoirs described herein or known in the art. As described above, the
controller 628 can be integral to the RF generator in some embodiments and can also be separate
from the RF generator.
[00058] A method for generating steam in a catheter or other elongate delivery device will
30 now be discussed with reference to Figs. 6a-6¢. Referring to Fig. 6a, fluid can be delivered from
fluid reservoir 612 to vapor generation chamber 620 by pump 608 or other pressurized means.
The fluid can be a sterile saline or any other appropriate fluid. The fluid can be delivered at a
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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comuni cation with the electrode array and fluid reservoir 512. |In other
enbodi nents, the delivery needle 514 can be di sposed on a vapor delivery
cat het er ,weuotv/assseat het er 102 descri bed above. In one eaivasoment4sphe
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t her apparaheterstchebe sabedli ment s, t he chanber can be positioned outside of a

pati eTOO%-Ii?e lfﬁg (s)énsed signal can indicate the respective sizes and/or positions of the warming

region, steam generation region, and fully developed steam region within the vapor generation
chamber. For example, as more fluid is contained within the vapor generation chamber 620, the

25  impedance of the electrode array will decrease. If the power delivered to the electrode array
remains constant as the impedance decreases, then the warming region, steam generation region,
and fully developed steam region will shift distally in the vapor generation chamber, as indicated
by arrows 630 in Fig. 6b. If the fully developed steam region 626 shifts too far in the distal
direction, then fluid can exit the vapor generation chamber before fully transforming to a vapor.

30  Alternatively, as less fluid is contained within the vapor generation chamber the impedance of
the electrode array will increase. If the power delivered to the electrode array remains constant
as the impedance increases, then the warming region, steam generation region, and fully
developed steam region will shift proximally in the vapor generation chamber, as indicated by

arrows 632 in Fig. 6¢. As the fully developed steam region 626 shifts proximally, the higher
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generation chanber 620 conprises an el ectrode array 604, which can be any
of the electrode arrays descri bed herein. Furthernore, the vapor generation
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When thatihg el withil@aheporiRnéadet fesfdnent tenperature, such as 100 degrees
Centi grade at atnospheric pressure, the fluid begins to transforminto a

vapor (0006} ealn pther ¢rabadimants gtheesystanoparemgicrrcas ¢ adjisted basedtoa the sangedc an

then be transforned .int apar b 1 It reaches.the full evel oped

St oam DEi ot et (R ARG o M ol el BB R gt o o

gerter addj@sfeditb EnDLdevtd wpbt intthevaat E;&ie@z[tion'rfegibﬂ of He®apot BamBed rchanber is
ig

greater than_atnospheric pressure her tenperatures will be required and

i f it exemplgailithe pensedsigen jribe impesteneseithe clegiipde armmmddheeredafdel gener at e

vapor. in[n%Q&?,%elﬂﬁreif%gv MiPGh ﬁ?@&é@%& W maidtay %g%{:lfiﬁ\l?{jﬁ%ﬁ%%?it%a%gr the vapor

t her apy system can sense ermne | as ful vel oped
I Nt 0 agenafdvn bepfiar. eSieviatlyifi tie ithipsdance dedeasts, theeflova pae ofifmdrcah beodeémaher .
In sogg San I rents, the signal I S segseﬂ, bty t he co,nt[ol | er 628. Sensing
whet hefs fFser vehe SYstem BugResEeanOatdBiief aptomaticalty By eradelier 428y Ofany
SWDi CalerBRRLlyCAn RNRjustddGlaRaly" the treatment of varicose veins, where
o1 v e i iy

[00064] To provide heat therapy to the vein, the distal tip of the vapor generation catheter can
be inserted into the patient’s vein to place the distal tip at a desired location of vein lumen
reduction. Ultrasound or fluoroscopy may be used to assist catheter placement.
[00065]  Saline or other liquid can then provided by the pump to the vapor generation catheter
25 atarate of 1 to 5 ml/minute, for example, and the RF generator can provide power to the
electrode array. The liquid flow rate and the level of RF power provided are interdependent, and
one or both may be adjusted based on vein size, vein flow, and/or a sensed signal. In addition, a
thermocouple or other 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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devel oped vapor to the veins results in nore effective treatnent. In one
enbodi nent, the electrical inpedance of the electrode array can be sensed.
I n ot her wohoiosessbs, the tenperature of the fluid, tenperatsees/ 0689t he

el ect r@deecarm@Yictubl dpebd bf AN-bRkepEHdS 35 14kE padf orSthEdladletR VT ABIR! smdaBe be
sensed. [00061] The sensed signal can indicate the respective sizes and/or
posi t ivehenednd temperature nfithe stgamrheing delivergdaficavisen regi on, and ful ly

devel ' i t hi. i on ch Lk l e,
ror o (PERETT o g drr el g il pefnet R e HERFL AN e AR en20, “The” o *°
i npedangtifhuridpee@inggiles aehg balehiioyidlak withel B8 Sevel off thbdeawigoyien itigleirslevad t o

the el ectrode array remains constant as the inpedance decreases, then the

vva:5|m (gt r R seme nsTyém gupeithrepactie giedivd-tased asprety ofigénvsplen gﬂttélalﬁsbqfegi on
630 1 roktontBletenty il b el AR P BE Al QB BT el By

t he difsitate dlithembveriive viahiatiorfsldesadibed magibetset fofth wad olaingehiadgiendentiyhaminer
before fully transformng to a _yapor. Alternatively, as less fluidis

cont aj %’éﬁ’%ﬂpﬂ I Y opg 95 fnog%ﬁ%%a%aaﬁew& herran Iaﬁ&éwaﬁ%@?%?ncp fe2

el ect rQaR Ay itdldes 'tHé;fogﬁﬁi‘?ity fhbt tfcl}gree aP@?ﬁfal delHeSae Stemn? ptdignte VG r ode
array remmlns éonstant as the 1 npedance Tncreases, then Phe warm ng region,
stl®am specificaltyi, asused diernin arahid theibppendiel@ddiopettie singaliar foegs day" Wardd," "shidf"tand

o e kuciareli) FSd BREhole SPugi ey gictis bR I RRhittea e "
hi gheriggalairhym4¥RBOrafied I@cl; SR Gny RBHEHAE BlchRAt. A SdicHUREs PRerBftidinERded &

ensure adequat e vapor volune is produced. [00062] Thus, the power del i vered
t 0 t heseotegstantsdedent basis fonnsetd sudl] erslusivesersanology an'soleln's tanly agddhe kike iyl | y

chanbernianioe vifh Sefe RIS, o TR Abhelly THOE L pskitfiel HePE TRY 6o i ver a

fulsly digived emetviveRaeinf s10tochiieal aal BEk@ifid ternds lisad Gedeir has Wige sahi® B&iEng as
enbodi nents, the power can be adjusted by controller 628. In other

enmbodi ¢esrpenly updergaod by eanotardinaniskilbin thy arimppichakis dveation hdongs. Jhger at or
itself i - ] E { : r for
excarmpl e bE R EREEInbinBtie Ad 1 P IARE RS Bleck BB AR, BHTAET My o
as t heby thp pthimmeariag vftheehimaecransmipdoyddat vapor is fully devel oped before

| eavi ng the vapor generation chanber. If the inpedance increases, then the
power delivered to the electrode array can be decreased to maintain the

i deal anount of heating area within the vapor generation region. [00063] In
ot her enbodi nents ot her system paraneters can be adjusted based on the
sensed
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signal. In one enbodinent, the flowrate of fluid into the vapor generation
chanber can be adjusted to fully devel op vapor in the vapor generation
regi on ofwoheiwmapssp chanber. For exanple, if the sensedpsirgrsadoviosssvhe
inpedaﬁngfﬁSkggAﬁ%ﬁﬁiﬁgde array, and the inpedance increases, then the
flowrate can be Increased to maintain the relative position of the vapor
generation region. Simlarly, if the inpedance decreases, the flow rate of

fluid can be dec&ea%lpe(gi. As de%cri Fed abave, %hge Z%/)ste.m parameters can be
adj ust ed autormat4 CEHQS By SsFAtng steam YN a OSORREF P8I y, can be adj ust ed
manual ly. [Q9Q64dg 4 Quidrt6¥ivifor RAtratiieEiRiMbel;0 the vein, the distal tip of

t he vapor generation catheter can be inserted into the patient's vein to

pl &ce t he didivating pgweaitto an elestirodscirtay digposad afoniethe vapergeneration chamber;

Ut rasound or.quoroqpqgg qqﬁgﬁ% used t.o assist catheter placenent. [00065]
Sal i ne or dFH%PgPFﬁﬁFd) het 6?3&f@gd by the punp to the vapor

generati on fRidiag e fiwed deladfetedfo the Electbodelatral Beded onfthe sed¥aditl tafullyt he RF
generator can provide power to the electrode array. The liquid flow rate

and t hgenprsiceYaper inphe Benes epralond@@mbee i nt er dependent, and one or both may
be adjusted based on vein size, vein flow, and/or a sensed signal. In
addition, a thernocouple or other tenperature neasurenent device may be
prigvi ded at2.t he Thesmhathoé bficlaim 1 vhescdpthie sipmakis ah impedaatdiet er to provi de
feedback to the generator based on vapor tenperature. The generator may

al so be controll ed based on el ectrode i npedance, as described above, to
ensur e t hats onl yrfdthbifod8Y bR e HLARPtheistondis RE@HoH o the catheter to
the vein. [00066] As vapor condenses on venous tissue, the rel eased |atent
energy or heat of vaporization causes the vein walls to shrink inward. To

treat a length vein, .t distal tip of the vapor generation catheter may
be drawn batk as St?‘ofigpaglln?\ié”rahg ,mgﬁéhgnﬁ IS&S?%HVS&QC "&bout 1cni sec.

Thg actual speed of pull-back depends in large part on the dianeter of the
vein and the volune and tenperature of the steam being delivered, of
course. [00D67] Tae method géifleinohavherrin Hiclelecede amahis atapalarelgsirode prray.

i nvention, materials and manufacturing techni ques may be enpl oyed as within
the level of those with skill in the relevant art. The same may hold true
W th respecé. to Tieihetodaseldind$ pdrtsn tHe goker delirerdd i0 dedreast@ asnhe @énsed

addi tional, acts commonly or logically enployed. Also, it is contenplated
that a¥PeEpIGedREPastRat ure of the inventive variations described may be set
fojd h and clai med independently, or in combination with any one or nore of
the features described herein. Likew se, reference to a singular item

i ncl udes the posFhdéinkihbyg of blaim 1 vdreecimthe fhlidiisalelivéred hiea sonstant flewsatpr esent .
Mor e

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 further comprising delivering vapor to a patient.
30 11. The method of claim 10 wherein the vapor is delivered to a vein of a patient.

12. The method of claim 11 wherein delivering the vapor to the vein reduces a lumen of

the vein.

35 13. The method of claim 1 wherein the power is adjusted automatically by a controller.
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specifically, as used herein and in the appended clains, the singular forns
"a," "and," "said," and "the" include plural referents unless the context
clearly dwotatsyebherwi se. It is further noted that thectiusom/osemys be
drafted to exclude any optional elenent. As such, this statenent is
intended to serve as antecedent basis for use of such exclusive term nol ogy
as "sol el y,14. "driny¢thahelf dldim 1 ivkereinmthe powercit iadjusted biantidley. r eci t ati on of claim
el enents, or use of a "negative" limtation. Unless defined otherw se
herein, all technical and scientific terns used herein have the sane

neani ng as BONRhthONSESHPPHhbX%iOMe 1afd Qkaideary skill in the art to which

this invention belongs. The breadth of the present invention is not to be
li#ited by the subject specification, but rather only by the plain neaning

f the claimt | oyed. WHAT | ILVED IS 1. A nethod f ti
St cam wi t hi 1o S REARHBREP! Aa0Hpr e b T verrneatriliec o a vapor

generation chanber; delivering power to an el ectrode array di sposed on or
in the vapor generation chanber; sensing a signal of the el ectrode array,;
and adj ustilig t e methasrofdeliverimgdhierapy torfevain, eompoigiagar ray based on the

sensed sigqg%x%ﬁ%%ﬁ%%*mgggﬁﬁgggﬁyapor in the vapor generation chanber. 2.

The method 0 whereln t signal is an inpedance. 3. The nethod of

cligi m 1 wheletiveridgwefisidgaalvapsr genérbtibrtlcHantbar frthe catheterfhe met hod of claim 1
wherein the signal is a steamtenperature. 5. The nmethod, of claim 1l wherein
the el ect r slvernEROwe to ameleeirode apay dispassd oaytheyapos gengralioneaha@liesf ¢l ai m 1

wher ei n theseﬁﬁﬁ‘?ﬁs%ﬁlﬂio\f?ﬁe\?\ﬂeétﬁzdg%ﬁhfased as the sensed i npedance increases.
of clal

7. The net ho m erein the fluid is delivered at a constant fl ow
rate. 8. Theljustihgde miver deliverdd tohlee electrddearrby bastdion thkedenyaglriegpeddnca td i me

varyigg rate. 9. The method of cI.aianl t\)/\,h_er in the fluid is delivered at a
rate dEP¥SERERE YA IR S EPALERSTAtgR CRRdYe| or organ being treated. 10.

The met hod pdivedidl ﬂﬁb;cuﬁ%gnlgparfem {oShé&geife!l i vering vapor to a patient. 11.
The net hod of claim 10 erein the vapor is delivered to a vein of a

patient. 12. The method of claim1l wherein delivering the vapor to the
velrn reducels& al‘ﬂeunqgtﬂo& I)f éla%(ran Y PWherein the signal is an impedance.

19. The method of claim 17 wherein the signal is a fluid flow rate.
20
20. The method of claim 17 wherein the signal is temperature.

21. The method of claim 17 wherein the electrode array is a bipolar electrode array.

25 22. The method of claim 17 wherein the power delivered is decreased as the sensed

impedance increases.

23.  The method of claim 17 wherein the power delivered is increased as the sensed
impedance decreases.
30

24, The method of claim 17 wherein the fluid is delivered at a constant flow rate.

25.  The method of claim 17 wherein the fluid is delivered at a rate dependent upon
the diameter of the vessel or organ being treated.

35
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13. The method of claim 1l wherein the power is adjusted automatically by a
controller.14. The nmethod of claim 1l wherein the power is adjusted

manual | y. wbd2010li3essoret hod of claim 1 wherein the fluid i ®Cc3aiseove/o64864 The
metRod of o MihoHiahed bl ai ¥ Gbrdinthe fibld i€ BbiVer&PR Al déBendble updnTet hOd
of delivering therapy to a vein, conprising: inserting a catheter 'into the
vei n; stasddvimpedepca fluid to a vapor generation chanber in the catheter;
delivering power to an el ectrode array di sposed on the vapor generation
chanber; sensing a signal of the electrode array; adjusting the power
delivered tgy tig £LR6d sPSnATT AHHRASHShhd ReivesRSebot fRegaRae to fully
generate vapor in the vapor generation chanber; and delivering the fully
gerder at ed vapor to the vein. 18. The nethod of claim 17 wherein the signal

[ [ .19 he .1 d,of . ' [ he. si . fluid
{1 ow rat 6. B0, Tieted AEuest - cparsra e FREede B a2 wre. 2

1. The nethod of claim 17 wherein the electrode array is a bipol ar

el ectrode array. 22. The nethod of claim 17 wherein the power delivered is
decreased a29-tThe methedaf ¢laivedhwhereindelivgrngthe yaporte thepwithisduess adpmpmpt 7
whereip he power delivered is increased as the sensed inpedance decreases.
24. The nmethod of claim 17 wherein the fluid is delivered at a constant
flw rate. 25. The nmethod of claim 17 wherein the fluid is delivered at a

rate dependent upon_ the di aneter of the vessel or organ bej treat ed. 26.
The net hod Ehw%hq@omm%wm@mﬁlamwwsls adiusted oy méf‘“jiyﬂ’giaec%ﬁﬁﬁrdent

upon sensed i npedance. 27. The nmethod of claim 17 further conprising
delivering vapor to a patient. 28. The nmethod of claim 27 wherein the vapor
i s del i ver edll.t Theamethbd obHélaim pAwihersin the powTihie adjsted chapfialty. ai m 28 wherein
delivering the vapor to the vein reduces a |lunmen of the vein. 30. The

met hod of claim 17 wherein the power is adjusted automatically by a

copyrol | er.3381. Kh@p(g}eéeﬁglqﬁgé d&lied, tdrhprivher ei n the power is adjusted
manually. 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; and
20 a controller configured to sense an impedance of the electrode array;
wherein the \}apor generation chamber is adapted to transform a fluid from the fluid

reservoir into a fully developed vapor within the device.

33. The device of claim 32 wherein the electrode array comprises a flattened

25  configuration.

34. The device of claim 32 wherein the electrode array is disposed along an inner

circumference of the catheter.

35. The device of claim 32 further comprising a second vapor generation chamber.

30
36. The device of claim 32 wherein the fluid is saline.
37. The device of claim 32 wherein the controller automatically adjusts a power
delivered by the RF generator to the electrode array based on the sensed impedance.
35
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32. A vapor generating device, conprising; a vapor generation chanber, the
vapor generation chanber having an el ectrode array disposed therein; a
fluid reswovoiwoseesupl ed to t he vapor generation chanber pcaruskoogerses at or
coupl ed to 4gh | £ : 0 J an

i npedance o 't}g‘gféé??g%gﬁg??%??*&ﬂ@?éﬁﬁg%ﬁéhsgéggﬁggﬂgéggF%ﬁwéﬁgﬁﬁer IS
adapt egntration elsdiber.m a fluid fromthe fluid reservoir into a fully

devel oped vapor within the device. 33. The device of claim 32 wherein the
el ectrode array conprises a flattened configuration. 34. The devi ce of
claim 32 wherein the electrode array is disposed al ong an inner
circunference of the catheter. 35. The device of claim32 further
conprising a second vapor generation chanber. 36. The device of claim 32
wherein the fluid is saline. 37. The device of claim 32 wherein the
controller automatically adjusts a power delivered by the RF generator to
the el ectrode array based on the sensed i npedance. 38. The device of claim
32 further conprising a delivery needle coupled to the vapor generation
chanber .
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