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cat het er atAngt $tearing cABabiiiesig perforned in large nunber of patients
suffering fromcardiac arrhythm as. 25 [04] Despite these advances in
technol ogy, atrial fibrillation ("AF') remains a significant chall enge.
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15 treatment of cardiac diseases. The first has been the shift from open-heart

surgical procedures to less invasive and less expensive catheter-based
treatments, which are safer and less debilitating.

[03] The second trend is represented by the shift from the use of anti-
arrhythmic drugs to minimally invasive catheters or other device-based

20 therapies to palliate incurable arrhythmias. For example, automatic
cardioverter-defibrillator are routinely implanted in patients with lethal
ventricular arrhythmias to reduce the likelihood of sudden death. Thus,
radio-frequency (RF”) catheter ablation is now being performed in large
number of patients suffering from cardiac arrhythmias.

25 [04] Despite these advances in technology, atrial fibrillation (“AF”) remains
a significant challenge. AF, a rapid irregular rhythm in the atria or upper
chambers of the heart induced by non-uniformed electrical pulses,
represents a leading cause of stroke and heart attack and a major health
care burden. To date, the most effective surgical procedure for the treatment

30 of AF has been the Maze procedure undertaken in “open-heart” surgery. In
the Maze procedure, incisions are made along pre-determined lines exterior
of the atrium, which are then sutured together. As healing develops, scars
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are formed along the incision lines thereby formng barriers to the
conduction of electrical inpulses. By creating such barriers, AF can no

| onger bewolassAiUhed and regul ar heart rhythmis restor edPCHIWOYET836 t he
Maze procedure has not been wi dely adopted due to the cost and nortality 5
associated wth open-heart surgery, but only as adjunct to other major
procedures such as mtral -val ve replacenent. [05] One new approach to mmc
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generated f antenna reafter, the catheter-antenna is

re-positi onfd]t oOhbelemeappmlach tofrmmuameaMazeopér@tmh ieTepfeseptud Iyl at i ons
thus mmcs %ge | i near sions as (f 5 npl i shed under the Maze procedure
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i mpul ses. In that connection, the task for the preci se placerent of the
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of atrial wall or the heart nusc|es often render accurate placenment of the

cat het er - anfigRBadiThereaiisr, thecathetepaatpangsis reposiioned dp the next spot
for ablation. A series of spot ablations thus mimics the linear lesions as

accomplished under the Maze procedure against the conduction of electrical
impulses.

20 [08] Existing catheter-based ablation procedures are recognizably less
intrusive than “open-heart” surgery. In addition, during the ablation,
disruption of cardiovascular function is reduced. However, a successful
catheter-based radio-frequency ablation procedure requires the ablation of
tissue spots within the spatial or proximity tolerance between adjacent spots,

25 usually less than 2 millimeters, to prevent the passage of electrical impulses.
In that connection, the task for the precise placement of the catheter-antenna
represents a critical element of a successful procedure.

[07] A major drawback of such existing procedures is in the time-
consuming task in positioning the catheter-antenna at the desired ablation

30 spots within the atrium while the heart chamber muscles are pulsating.
Movements of atrial wall or the heart muscles often render accurate
placement of the catheter-antenna difficult, and slippage of the catheter-
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WO 03/ 047448 PCT/ US02/ 37886 antenna tends to occur thereby danmagi ng
portions of the atriumwhere ablation is not desired. As a result,
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expected. Further, during the procedure, x-ray 5 or other irradiating neans
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within the spatial or proximity tolerance on the ablation path as referenced
above.

20 [09] Accordingly, effective treatments for atrial fibrillation with catheter
ablation will require the creation of long or overlapping linear or curvilinear
ablation lesions on the inner surface of the atrium. These lesions can then
act as barriers to the conduction of electrical impulses, thus preventing atrial
fibrillation.

25 [10] A critical requirement for the effective catheter-based ablation of atrial
fibrillation is the ability to stabilize and anchor the catheter and microwave
antenna inside the atrial chambers. New catheter ablation systems capable
of stabilizing and anchoring the catheter and microwave antenna inside the
atrial chambers, preferably capable of producing long or overlapping linear or

30 curvilinear ablation lesions, are required for the development of minimally

invasive catheter-based curative procedures for atrial fibrillation.



WO 03/047448 PCT/ US02/ 37886 [11] U.S. Patent No. 6,190,382, issued February
20, 2001 and U. S. patent application Serial No. 09/459,058, filed Decenber
11, 2000,woiosbkase a radi o- frequency or m crowave-ener gy Poadsd2smshet er
for ablating biological tissues wthin the body vessel of a patient. The
catheter has a proximal portion, a 5 distal portion with a distal opening
and a lunen extending fromthe proximal portion to the distal portion. The

Che cathet ST ke RIS AR L AR 52 JERE! Ehardait 29,2081 aha ) 3rpalie L 0. "
one end, WabhlitdtRroSEE4! NeOIMEYS, 068, filst Gutientberpr1:2008] digclose l# radide

catheter lunmen to be coupled to a Bosi tioning 10 pechani sm, A‘)si %ni ficant
advant age SEOURBCY: 8 REEOWaygianergy pased cathetaer fopapladipd MIQOgEdLiRFUERe di st al

[ f the t ' ' th
Phtertor Cculitt it 050 Ledsil bPs Bafieh® “The b Eflr s 4 BRGRET furfiohca 12
cat het e V\A'dl(ijélalapdrﬁ.dhgyiﬂT@FM@penmgl?m ﬁmen?)mwn%ﬁmadtheqmmahmim_ o
incorporated at the distal portion of the. catheter. ant enn i ncl udes
a hel Pcal ertion Wnﬁh@rﬂ'ﬁfé&ﬁ?rﬁ'ﬁaat—r & GaiRelehinGoreer a%eg’é‘géi‘?fgc%ﬁf%ugh it.
[12] The r 'ic{rf%{/hra:?‘fgjl%ﬁﬁéda\ﬁﬁrﬁﬁ% bat AL Shd RBlciRecrlihicidiadi at e radi o-

frequency €ne n the mcrowave range at a frequency typically greater
t han 300 MpgatiaT biztheMdthetenat biee ehdcwith tiegy nthear endeartion extepdingbl at i ng 20

bi ol ogi cal tissue al.ong,a biological ablation h RY OF THE
| NVENTI ON [P 'mﬁﬁ)é V@&\'rﬁgiee?atg?t%?ll@“ﬁ?Z%bﬁth%\lfgﬁ{q %ﬁgﬁ'F'%{ es further
enhancefentgectifisrhed sighfichht dAdaintadd 6t e GRRGter Barkid i thatH isPat ent  No.
6, 190,382 and U S. 25 patent agpl i cation Seri al . 09/ 459, 058. These

i mpr ovenentiepinyablebeyersbiheadisiatopeniag of theeaingterdodompaderr el iha,
! _ t _ i |
ot oct i no caRbBERAS A R Bl bl B0 Bt B URRGEONE"E

mani pul at i @an@ds theecathéfeenithsa raeiisifrequencys of niicromawetemergybakdd er ent
parameters during ablation. 30 [14] The shg eablﬁ ntq_nna (%f t he present
i nventi on AMtenka inePrRaratadsat the giskaliraition o B’?fyci‘t § heRNeRNar ti cul arly

sui tablg t ‘?nﬁﬁ&&% 8.HeiliBSF#]oiP(Nhf&\Lﬁé@o'rﬁnﬂsaéte%t}hétcb%téﬁgmia@%a@@inbhe i nner
surface of the atrium ese | esions
through it.
[12] The radio-frequency antenna is adapted to receive and irradiate radio-
frequency energy in the microwave range at a frequency typically greater
than 300 Megahertz (MHz) in the electromagnetic spectrum for ablating

20 biological tissue along a biological ablation pathway.

SUMMARY OF THE INVENTION

[13] The catheter of the present invention provides further enhancements

and features to the catheter described in U.S. Patent No. 6,190,382 and U.S.
25 patent application Serial No. 09/459,058. These improvements and features,

among others, include a shapeable antenna, various pre-shaped antenna at
the distal ends, tendon-type antenna deflecting and steering mechanisms for
easy deflection, steering and manipulation of the catheters, and sensors for
monitoring different parameters during ablation.

30 [14] The shapeable antenna of the present invention allows for precise
ablation of body tissue, and is particularly suitable to create linear or
curvilinear ablation lesions on the inner surface of the atrium. These lesions
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4 WD 03/ 047448 PCT/ US02/ 37886 can then act as barriers to the conduction of
el ectrical inpulses, thus preventing atrial fibrillation. The shapeabl e
ant enna awpasasss al |l ows the antennas to quickly, easilypcan$opsmses sely
achi eve optimum position over a target tissue and maintain stability while
RF energy is being applied to the 5 target tissue to bring about
therapeutic effects. [15] Another aspect of the invention involves a

shapeabl e cefihehnedasistiers tortRe ¢BRYCRIN SM¥laciRRBRRIUSed, Busabl ati ng
bi ol ogical tissue wthin the body vessel of a patient. The shapeabl e

cur vi | i nearpresénting atsigl bcNatiom etheashapgsbleaantennacppseatus dlpegitie e cat het er
body havi ng a di stgl po%tion .g/nd an 10 %l on%a%l%d | .unen. In[ner and outer
coaxial l'y a Sﬂ'%%s %ﬂ‘él'_ﬁ l@'o?@s' xPOHETHE'? V_r‘?c_f %%Hfﬂ‘éf_f‘e"rOSél?&‘ D A oaxi al
with the | ugpdet ti8shib @xdlthgintaiaReanlitg wHile\R I ieperdy is'dh@appRstHethy ant enna
Is carried by the distal portion of the flexible catheter body and is in

el egt ri dal tetgehiiesuate bringiabeut therapeidic effestdut er coaxially aligned
ot abi 5] o AuGtEbBSlet AR ifvefiibt ioNeRla RdR SIS SHHARENY PRuBr, T hO

bi ol ogi cal fréqreyairdeniza appaetid fordlatiegrbielogicahtighie withinithebatiyon and a

curvilinear configuration for creating a_curvilinear ablation pattern in
bi ol ogi cal Vassekefea Retignty thrshrrgablesuwvilingar tadigrfieswency astennar ur t her
aspect of t ' ' | |t 8] jcal tissue
W Enin the BRaRtEThptes RS cAnBRL Rk PayPy Fliplpaiop Mol 06 o
provi difdy eelshgaied iirees.uinndriandauteranbagiafly atigreettgorahictors @xtgpdavitiirus  f or

bl at i bi ol ogj.cal ti ithint bod | of tient, th
Shapeable DR caatAnT Sl R RS ol le Shafbad hitliedry
flexibl e cabbpl@squdiRiarieifiaidicaial ) foalistansérion oik Mk easisterd | urren,

i nner and outer 25 coaxially aligned conductors extending within the
cat het er arbdycand iglin glectriaah eommurnigation ndthathe linerisang atapeesxially cur vi | i near

Cat het or - noARNEAGORNERLEs Tie Bl shaRpade B R FARERMRAT Lng out or
coaxi alflsy adrtemesdisCattaions reddhe dncerakdmeit Fathefregliencycarieryy forear

radi o- frequency antenna adaptable to receive and transmt radio 30

frequency ARG bislogiosl HesusAsl sishgpealie tieswern asraloih seRtaUERtioR ARt n
straight contgithabi ShihibrdF Wehlinga o AAHdA WhRdobatie fiiabbing 2

curvilinea
tissue within the body vessel of a patient.

[16] A further aspect of the invention involves a method of ablating

20 biological tissue within the body vessel of a patient. The method includes the
steps of: providing a shapeable curvilinear radio-frequency antenna apparatus
for ablating biological tissue within the body vessel of a patient, the shapeable
curvilinear radio-frequency antenna apparatus including a flexible catheter
body including a distal portion and an elongated lumen, inner and outer

25  coaxially aligned conductors extending within the catheter and coaxial with the
lumen; and a flexible shapeable curvilinear radio-frequency antenna carried by
the distal portion of the flexible catheter body and in electrical communication
with the inner and outer coaxially aligned conductors, the flexible shapeable
curvilinear radio-frequency antenna adaptable to receive and transmit radio-

30 frequency energy for ablating biological tissue and shapeable between a
straight configuration and a curvilinear configuration for creating a curvilinear
ablation pattern in biological tissue within the body vessel of a patient;
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abl ation pattern in biological tissue within the body vessel of a patient;
5 WO 03/047448 PCT/ US02/ 37886 delivering the shapeabl e curvilinear
radi o- f r eqO@Oy74ad1t enna apparatus to a targeted body tisPad/zbd/atsson site
wi thin the body vessel of a patient; changing the configuration of the
flexible curvilinear radio-frequency antenna froma straight configuration
to a pre-shaped nmenory curvilinear configuration so that 5 the flexible
curvili neardéla@nﬁgtrree@mm@a@mm@ar fadiglifr@gascyt antbhifa lapgurams%@ to be
abl ated; and abl ating the body tissue usi n% t he flexible shapeabl e
cur vi | i neartargeiad oy B@m&@lyaé@n sitwithinthe bpdy vessel obp datisntagbargingint ages
w |l be appagre f_the
e (ﬂ)tl’]flél?r{:l{gll? 8?th§kﬂé>éitﬂg chRnlnté%r H@ —frgéqugrﬁcfad{@%fﬁ/ﬂ%o%

drawi ngs and % ail ed description o i ments set

forth bel ovstraaghtdonfraeRbR T é]Nrél%hEbEd B%Wrzl@r\hlﬂr@ar Ebffigurdtiorpesithkt B ar e

side-el evatjonal views of a RF ablation catheter including a handle with
an enmbodi methe figxibie qyrdiineayagia-haauenayrastenyiads adiggent to tﬁ‘esh%ﬂfdéléﬁm%t%ntenna
appar at us [

o e ol varyonapieh SE b3 bRy ool uShohe AR eh2HeA08 cupviinger 1 ¢
an al ternatnadm-ﬁedp@cmmtem‘fa a steerl ng nmechanism for steering a shapeable

ant enna app tu t res entio [20] FIGS., 3A a B are

si de- secti oﬁg? E‘é’a%e (5‘?31%‘19? cﬂﬂ"t@ gqﬁWIﬂ beﬁ%ﬁﬁﬁb@ﬁh@%ﬁ?‘ﬂﬁ&&" g’t?par at us
of the pres&wtaﬁeﬂye@&.éwrbfltﬂear&wngls,%lm thEQféfthz'd!r@ééc‘Pigtléﬁ%fﬁwéB@P&?ed
configuration. [21] GS. 4A and 4B are side-sectional views of an

al t er nd0i veembadivtinieaet fofthebaldwpeabl e ant enna apparatus of the present
invention in a straight configuration and a shaped configuration. 25 [22]
FI GS. 5A and 5B are side-sectional views of another enbodi ment of a

shapeabl e aBREFM HEFTRIFTION OF THE PRAVENGS nvention in a straight
configuration and a shaped confi gurat ron. [23] FIGS. 6A and 6B are

si de-sect i di&l VFl&ms 14 and flBrangeside@lpydtiapak views of adtia gblatios cathelana
apparatus of. ftﬂﬁlg?% ﬁﬁﬁ@b Wity SR EnBbdifheft 5f & etitihg3ReSRANILAYLRL ARG @

shaped configura
15  a shapeable antenna apparatus of the present invention.

[19] FIGS. 2A and 2B are side-elevational views of a RF ablation catheter
including a handle with an alternative embodiment of a steering mechanism
for steering a shapeable antenna apparatus of the present invention.

[20] FIGS. 3A and 3B are side-sectional views of an embodiment of a

20 shapeable antenna apparatus of the present invention in a straight
configuration and a shaped configuration.

[21] FIGS. 4A and 4B are side-sectional views of an alternative
embodiment of a shapeable antenna apparatus of the present invention in a
straight configuration and a shaped configuration.

25 [22] FIGS. 5A and 5B are side-sectional views of another embodiment of a
shapeable antenna apparatus of the present invention in a straight
configuration and a shaped configuration.

[23] FIGS. 6A and 6B are side-sectional views of a further embodiment of
a shapeable antenna apparatus of the present invention in a straight
30 configuration and a shaped configuration.



WO 03/ 047448 PCT/ US02/ 37886 [24] FIGS. 7A-7C are alternative enbodi nents of
the pre-shaped deflection nenber and the deflection regul ating nenber of

t he enmbodwowmatg7449f t he shapeabl e ant enna apparatus il | ustPCatesd2/8138¢1 GS.
5A,B and 6A,B. [25] FIG 8 is a side-elevational view of a RF abl ation
catheter including a 5 shapeabl e antenna apparatus constructed in
accordance with another enbodi nent of the present invention. [26] FIGS. 9A

and 9B ar e [@d4fle- BKZS.i L a/rb@mrmmnﬁefmnbbaumhé ef the prenghapaigpar at us of the
RF abl ati on thheter |IIustrateg jn FIG 8. [27] FIG 10 is a perspective
view of a ragfestippsaereResanditrdeiiediioniegyloting Messbenpidhs fmkedisents

capabi |1 U1 &5 e ShEBLBIelhidhLaROSaIR Hudfatbith FRESSEAIE kR B RON. [ 28]

FIG 11A is a part si de sec |ewo porti on of the
radi o-frequebty kl&3. F83|Ser3|dé cidv@tiohal wed ofld REtabddatem @a‘thetdnmbll[mng 2of a
def | ect sbl e cat Bis a cros[s1 sectlonal Vi ew

h de. 29 G
t aken aPong®d é’g’ & 3n Hbgagpaf_qté;s ngtrwte%gbflcqqr@tjanqq

Cross- sect i SBbdMieiW of BeEPredbRPRIVERSS 11 C 11 C of FIG 11 A [31] FIG
12A is a partial elevational view of another enbodinment of a 20

def | ect abl d26ht NeiGS. %JanlréQBfweéldereecmn‘aéuawsgmﬁtUe shapeableantemua

di d 2B rt| iew of the sane
elrrbngguslngﬂfao‘fs%rﬂ S‘kﬁ%%gﬁagﬁi?‘ O%S%tﬁ‘&?"ép 63%‘5 P'ﬁ‘?{ée 12A. [33] FIG 12C'is
a cross-seqpiypn Moewotnglaq@”ergﬂ)éxﬁﬂ/elwé\%fla?@dib?ﬁel%; athdfer B [34] FIG

12D i s a cross-section view taken along |ines Dof FIG 12B. [35]
FIG 130is %ﬁfi@&tahkaan@s&mmmabmh@wa@mtm tnaam@mm@lmeahofrmEer gui de” of

FIG 12B di n a lumen of a distal portion of the radi o-frequency
30 cat het erﬁogéﬁq&%'it@ '[36] FIG 14 is a partial elevational view of the

di stal port[R8h ¢FIQ. He Arigd partial sidesactioreavizat of thefdistaGooridnidf the def | ect ed
configurat irggio-frequency catheter of FIG. 10 and illustrates an embodiment of a
deflectable catheter guide.
15 [29] FIG. 11B is a cross-sectional view taken along lines 11B-2B of FIG.
11A.
[30] FIG. 11C is a cross-sectional view taken along lines 11C-11C of FIG.
11A.
[31] FIG. 12A is a partial elevational view of another embodiment of a
20 deflectable catheter guide where the catheter guide has a varying
dimensioned spine.
[32] FIG. 12B is a partial top view of the same embodiment of the
deflectable catheter guide of FIG. 12A.
[33] FIG. 12C is a cross-section view taken along lines 12C-12C of FIG.
25 12B.
[34] FIG. 12D is a cross-section view taken along lines 12D-12D of FIG.
12B.
[35] FIG. 13 is a partial elevational view of the deflectable catheter guide of
FIG. 12B disposed within a lumen of a distal portion of the radio-frequency
30 catheter of FIG. 10.
[36] FIG. 14 is a partial elevational view of the distal portion of the radio-
frequency catheter of FIG. 13 in a deflected configuration.
7



7 WD 03/047448 PCT/ US02/ 37886 [37] FIG 15 is a partial
of an alternative enbodi nent of a distal portion of a radio-frequency

si de secti onal

Vi ew

cat het er wod3ohmws an enbodi ment of a defl ectabl e cat het @CTgisoza7s8éth a

flexible spine of a partial tubular construction and a pull wre tendon

extending within a lunen of the flexible 5 spine. [38] FIG 16 is a

partial side view of the distal

di stal portion of the radio-

portion of the radio- frequency catheter

|1 lustrated3m FFE. ﬂ@l@@%ﬁl’é@%g}é&ﬂdﬁél'\ﬁ@\h@ﬂ'& é]@rﬁ@ﬁ@em%diﬂ%ﬁ@"o‘fh a
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radi o-frequency catheter
di st al &ortﬂ?iﬁe 15 [41] FIG 19 is a partial side sectional view of an

enbodi nent
def | ect abl

ecthe er

@612, ERS! 5 o BAHEPSUSALD S Mo LRRATRAIGH bfifcagqfrbod ment of o

ached to a s

for defl ection and

steering offrcbdmertby%&thetepdhlstratedaE HI@e15ahcbsﬁdmtmﬁ@%ﬂefbfém@bg’lfhetél42] FI G
20A is a part.,al f anaot ef |l ect abl e
cat het er guglﬂgeW'{rhglgluﬂfe\rAi@@fj%ﬁ’g?n 'le‘ggt?ﬁbg?ﬂ'@p‘iﬁﬁl petionofdhe radic- 208 i s a

partial el eyagq catherof the sanme enbodi nent of the deflectable

cat het er

gui d

of 'FIG 20A. [44] FIG 20Cis a cross-sectional view of the

def | ectl@bl e[304ht hElG;\‘B HlA @aeddi7B ﬁ‘e(&ch@ﬁmtlcecl@icthmrqj d tloelenig®@nAGC of FI G
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Co 1 e, AT RER WSS Bif-BhaRes JSIALpO{IREoh E A G reoHENEL EABERT 500
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an enbodi ment of the present invention is shown. The 30 catheter 100 is

adapt abl e fepuntersigalqise pra-shapasbdistal estisn eofia frdie-dieguaney catdetarhapeabl e
antenna appaepiiy 3 ok 10ssid i 8ALSnG RS URASYpGHIbENna for
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[41] FIG. 19 is a partial side sectional view of an embodiment of a radio-
frequency catheter incorporating an embodiment of a deflectable catheter
guide attached to a slide control for deflection and steering of the distal
portion of the radio-frequency catheter.

[42] FIG. 20A is a partial top view of another embodiment of a deflectable
catheter guide with bidirectional deflection capability.

[43] FIG. 20B is a partial elevational view of the same embodiment of the
deflectable catheter guide of FIG. 20A.

[44]  FIG. 20C is a cross-sectional view of the deflectable catheter guide of
FIG. 20A taken along lines 20C-20C of FIG. 20A. |

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[45] With reference to FIGS. 1A and 1B, a radio-frequency (“RF”) ablation

catheter 100 including a shapeable antenna apparatus 110 constructed in

accordance with an embodiment of the present invention is shown. The

catheter 100 is adaptable for insertion into a body vessel of patient and the

shapeable antenna apparatus 110 includes a radio-frequency antenna for

delivering electromagnetic energy to a treatment site. The catheter 100 will
8



delivering el ectromagnetic energy to a treatnment site. The catheter 100
will 8 WD 03/047448 PCT/ US02/ 37886 first be described before describing

t he shapeablog/osgmsenna apparatus of the present inventionPCTAGD2/T1886
catheter 100 has a flexible elongated tubular body 120 with a proxinal
portion 130 and a distal portion 140. One or nore intracavity 5 [unmens 150
(FIGS. 3A 3B) extend fromthe proximal portion 130 of the catheter 100 to

the distal fetbeeestAbed befdtelksaiibihgeheERApaEsIe RAtéhNapsstaftfs oftthe
catheter 100 is a handl e chassis 160 for housing necessary steering and

posi ti oni ngPtESeNE BIventia’: wi | | be described in further details beI OW.

| ncor por at e r i ng 170

for 10 conﬁw@tl?hgt %eﬂéc{%t %@@ﬂa&%&@%b&é%Eoen%%rt&?n%%léogcc{ys%%q@ﬁﬁ i ces such

as a RF gepmxarhalrpcaﬂdndczntand & eistdlnpairtich o) One supes intefcating abl ation

procedur Q%Y&The |rren5| ons of catheter 100 are adapted as required to
p

suit th 120 (Fem- 4. 358 sedand Bomihe groximal Rerork h3haf the t he nedi cal
art. Ina ﬁétﬁfeferr% BTRe Yt momg@gwal'ag&féd F0Re!toldied bl i g car di ac

tissue; owever cat t'er € use ypes of
body ti ssuethe Cettieeteni00ds aﬂmiwlé,éﬂassﬁs ﬂ%f@d’tdusnmg neegssaey g@l&angldnyd

t t ed of, t bl t hi t he bod
Consel onvi petiidhinG CollfBls, e Wil b3 desedbet i iet RIS RO hUL ot by vy of
limtation, |nReRratddCafa MMB?@&@%@BNM é&h&@rhﬂo%% ccﬁgllﬁgrﬁbh@f‘e

pol yester, polyimde and 20 am de, wth varying degre radi opacity,
har dnest aneonsiestingdhe szatherteus] 0 REAOHRIOEE emqmm/d@mé@sud'dasvatﬂi: a

plurality o re of t for ntlone mat eri al s
uch ¢ hat ¢ AR et glRglon BB RowBy bEr st & freiftion EREf U onard 1 s
di stal end.[4The Fhgaanénsiony obeatheiri®0 dregridpesd BY rédimfémto fungleng, butt
joint, or adhesive bonding. Braiding 25 reinforcenent can al so be added to

the circunf lé?’é'ﬁ‘t”?ém%iﬁalz{E@CQﬁurﬁu\ﬂbICBrare melhknoyo iothgrmeadicat #ié tesi rabl e
Yo s RSB HRRERL SiobatiR e (B 4 SRS il T
of a patid enhowewvet, the eathbtes 1t00rmayf bemedfte rabiate rwhérhlgpet efpbdy tidsude
ot or ence. a0k tiboE 1o T2ePEe Gnetlr mandeidetalgsrnrBicted T B
polymer material that is bio-compatible within the body vessel environment.
Examples of these materials include, but not by way of limitation, Pebax from
Autochem Germany, polyethylene, polyurethane, polyester, polyimide and
20 polyamide, with varying degrees of radiopacity, hardness and elasticity.
[48] The catheter 100 may be formed with a plurality of segments using
one or more of the aforementioned materials such that the catheter body 120
is progressively more flexible toward its distal end. The segments may be
joined together by thermal bonding, butt joint, or adhesive bonding. Braiding

25 reinforcement can also be added to the circumferential surface of tubular
body 120 to attain the desirable level of stiffness and torsional strength for
the catheter 100. This allows the catheter 100 to advance and negotiate
through the body vessel of a patient, and to enable torque transfer along the
length of the catheter from the proximal portion to the distal portion.

30 [49] With reference additionally to FIGS. 3A, B, the distal portion 140 of
catheter body 120 may include a softer polymer compound than the proximal
portion 130, with little or no braiding, to provide the desired flexibility to

9



cat heter body 120 may include a softer polyner conpound than the proximal
portion 130, with little or no braiding, to provide the desired flexibility
to 9 WO O8004/p4183 PCT/ USO2/ 37886 accompdat e di stal defl e@Cirarsoasmsshapi ng
of the shapeabl e antenna apparatus 110. Deflection and shapi ng of the
shapeabl e antenna apparatus 110 nmay be inplenented through the use of a
pre-shaped deflection nenber 180 and a defl ection regul ati ng nmenber 190.
The pre-sh ' A/ Athd BRaskeAtIS Ghntdtiha egul ati ng
menber 1903%%%89%%%%@g%ﬂtgﬁe‘mﬁéﬂélgga@ﬂgssi ) 16%'5?% the distal portion
140 of theappafattet10.bDdfledtith andBhaping qfitee shajpeabld@nterytd apparstdser 180
and/or the deflection regulatin nber 190 nmay , be proxi nplly fastened to
def | ecti on1d8maybe wplsme%getﬁhrpﬂgﬁghgpﬁg@?gdﬁeﬁb@gga dﬁaﬁenﬁcgj whi ch may be
slidably e ledliors F&$uIfing RRrisddion. Chirs piessh@ted Axi al

RFRESH, FAAR A Bl eguiding i P

novenent o ong the axial slot, together enables a
physi cifan teflsttmpemembeeflBeandidrethestefioction eegutatingh@meatinir®0Usay10 bet ween

a straight configuratipn (FI 1A d.a defl| ect.ed,, sh . guration
(G 1°8) sgmadiiyn i frateashior o RendsltabBqoR 1A aRRE cEfLE T
mechani sm t,ag{; 1@pown) may be incorporated in the thunb slide 200 to

mai ntain the grip position in the axial slot. Many such neans are

commer ci al [530]avaneane-shapedseflectienn manaber 1R9ard/phthedrflecdpnr el ease,
pressure swtch.or [, f - ' ' I .| | ustrate
'R bl a¢ FestigaBEes RSy pESBAM AT aptensl S fSfectch Eftrdlars' | o7
desfri'f@d @ﬁﬂﬁiﬁn. bbgﬂéeoﬂ?@ IOFH%]S‘&!A,GB)@NEMﬁma@bdismﬁbly@ggagedﬁdmai on

control mechani sm or _shaping ar. deflecting the ea enna
appar at us 2x@l Sfph@ftﬂ‘@fhéﬁw?Gha%%%ﬂﬁQ} A?%‘HﬁﬂY%’ﬁ?@’fz@‘ tﬁﬁ?}ﬁ'i"ﬁ‘ Isﬁi‘j@%@

rotatabl e e Gl ' £ ' t at abl

coupl ed tO%;H@&?ag(%sl%@tto%&ﬁ?ﬁ?ﬁ%ﬁhP%C%ﬁéggﬁggt%ggré{égbggﬂﬁt@rOl axiyal 25
m)velma[lft okhaﬁgahﬂe?notdmmbh phrétduscﬂ(bbemetnm_ i stranghagdmfagurah@m ﬂﬂﬁl-é:ﬁ’oi on
regul ati ng menber e handl.e chass may hous ransl ation
mechani sm @R&:2 g‘?%’?i@%t%@"fagtcgﬁ'gHrag'B{?éﬁiqh% of %QV@S’Pﬁ%%a%Qﬁ to axial
moveneqs OkpdBefidns hRRedional tastute methahRm (R shodhpmdyise def | ect i on

incorporated in the thumb slide 200 to maintain the grip position in the axial

slot. Many such means are commercially available. Examples of such
means include set-release, pressure switch or self-locking mechanisms.
[51] FIGS. 2A and 2B illustrate a RF ablation catheter 210 similar to the RF

20 ablation catheter 100 described above, but with an alternative embodiment of
a deflection control mechanism 220 for shaping or deflecting the shapeable
antenna apparatus 110. The deflection control mechanism 220 may include
a rotatable ‘collar 230 that circumferentially surrounds and is rotatably
coupled to a handle shaft 240 of the handle chassis 160 to control axial

25 movement of the pre-shaped deflection member 180 and/or the deflection
regulating member 190. The handle chassis 160 may house a translation
mechanism that translates rotation movement of the collar 230 to axial
movement of the pre-shaped deflection member 180 and/or the deflection
regulating member 190. Rotational movement of the collar 230 relative to

30 the handle shaft 240 enables a physician to shape or deflect the shapeable
antenna apparatus 110 between a straight configuration (FIG. 2A) and a
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regul ati ng nenber 190. Rotational novenent of the collar 230 relative to 30
the handl e shaft 240 enabl es a physician to shape or deflect the shapeable
ant enna awpasai4ss 110 bet ween a straight configuration (FPGI/uBA/3®Hed a 10
WO 03/ 047448 PCT/ US02/ 37886 defl ected, shaped configuration (FIG 2B), or
any configuration therebetween. [52] Wth reference to FIGS. 3A and 3B, an
enbodi nent of the shapeable antenna apparatus 110 will now be described in

more det ai 'defl@ﬁf’eo‘?%ﬁé?«lled éorwdréﬁtﬂqe pfld.fz@),caﬂéw 86ntRRFickAO0 1 ncl udes a RF

antenna 250 having a tlexible, cally coil'ed RF radi ati ng ant enna
el enent 25%hérsbebuelsn.t i ssue ablation. In a representative enbodi nent, the

RF ant enna 0 i udes an .el ical l conduct i i r wire stri
that 1o wodsdl i WV FERFerRE B3, Aand apn ol Sod Bl ebeNnaneakly S rhe’ ©
appropri at @niémieehgparabis 10 @hdwe betdeseibehen 6fdre dbaili Tige digtaland the
selection of the conductive material or wire strip are matt er of design

;:lhoi cg, ?Miﬂﬂﬁti@aﬁf thergathetebbady 40 dneludepaii auteé.ma@’iwg@\d%a figxiple,
Ce, < o 0 . . . q
adate - oneUpAESRETRE gty 2ferfe. AhEA 205 7O A b SFE, o) "

(not 15 shewapredshtata@inBodiment] thRORE spemia 250 dfcludedi an Eleetrivaligy i s t hat

of the mcrowave frequency range typically above 300 . The RF antenna
250 is caaprEctie mgienal ﬁg\’\%f@tfgflaﬁlﬁﬁ‘tdﬁ WPUR 1P G mlvahfagﬂz%tet egm a

el ect r omagnRet:i [; - en . | kSi
independen?‘ %E)'#" glt déﬁ%:'@g{r@éff ﬁ?%@ﬁﬁta P%&'SE‘%Q%’??&EQ%S%&%%%%E F ?Iésue to be
abl at ed0 Thendidige bad the selgoidn of theetahductive matesal arwirisisipareiaal | y nor nal

to the | i tudi .axi s .of the RF ant 50 d theref duci
un { or m endVaNETFIdIaF 19N Facick. YIS £88 4P% ARG TRHOdNE pariePraRedEa 250,

[54] The R%n@rﬁégﬁmﬁtngguiwe,b@_ in electrical contact with one or nore
el ectrical conductors 260, which in turn may be electrically coupled to a

25 source ¢53RF EreRbyantanna kioadanied terecaive aad radiateuct ors 260 may, for
cxarm & Euba iRt gy B BlsebRin BE R oo R AN B ™" o g ve
nmateri ab, shawk). Af eafbpleoPsuiablelspgectrant birabdfo fedwsnuy i8 Hattaf thée handl e
chassis microwave frequency range typically above 300 MHz. The RF antenna 250
is capable of applying substantially uniformly distributed electromagnetic field
energy along the RF antenna 250, which is independent of the contact
between the RF antenna 250 and the tissue to be ablated. The
20 electromagnetic field transmitted is substantially normal to the longitudinal
axis of the RF antenna 250, and therefore producing a uniform energy field
circularly about and bounded by the RF antenna 250.
[54] The RF antenna 250 may be in electrical contact with one or more
electrical conductors 260, which in turn may be electrically coupled to a
25  source of RF energy. The one or more electrical conductors 260 may, for
example, but not by way of limitation, be made of a flexible mesh or braided
wired construction, or made of a thin-film electrically conductive material,
which extends proximally from the RF antenna 250 to the handle chassis
160. As described in detail below with respect to FIGS. 11A-11C, the one or
30 more conductors 260 preferably include elongated, coaxial, circumferentially

aligned inner conductor 640 and outer conductor 660. The inner conductor
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160. As described in detail below wth respect to FIGS. 11A-11 C, the one
or 30 nore conductors 260 preferably include el ongated, coaxial,

ci rcunf erwotos@liays al i gned inner conductor 640 and outer eomdser/a886€60. The
i nner conductor 11 WO 03/047448 PCT/US02/ 37886 640 may include or
circunferentially surround a coaxial sleeve 630. An inner surface of the
sl eeve 630 defines the |lunmen 150. [55] The RF antenna 250 and the one or

more el eCt?&G aﬁ%ﬂw%t&rﬁ?rc%ﬁﬁerém&w)@uﬁ&ﬁwd tiallal 816R0L BTN iAh Minerect ric

encapsul an t1ng, ayer 5 along their length to ensure their
st ruct ur al sunfaegof the, sleevep630 definashthedamenitad¥m the bi ol ogi cal envi ronment,

el d o ot aihe i altthap b B inal Ml it Bobdoatfls™0 o ctPan: . ©
coati ng, Oﬁngad’ééoé@u viith g%ﬁm%n@diéle@hﬁcﬁend@is@la\rﬂ' Goatimghopmyeri | i con or

pol ymer - based materials or rubber conpounds. 10 [56] The deflectlon
regul ath ngalmgttben 1@1gthﬁ9 epsute thpisstcturalinfegrigy deipaptechinersamei oM dabl y

nount ed ov shape f a7, £l i on
regul ating @”MF@?’%‘F@@ té%ﬁ;l%tg%r['é@ﬂgngcggr@? “GTF%F@% t'ubul ar
confi gurat b@lﬁflr@%é@écﬂ?@-rﬁ@@%‘c@fﬂe&i o astside ofrthashapeéblemwrmarat erial. The

defl ection regul ati ng nenber 190 may be pre-shaped
confi gur at Bbﬂarﬁ{tlﬁ]” hd hSr@C@ﬁéwéHt &@ﬁt'%tqrdﬁy el’ﬁ@ t/ %é{‘?\

el ongat ed, niaﬁsef#g'sﬁchvgs i ddmﬁpéhaésééw@ngr@ewawémn%vnu@d

conflguratl e pre-s ectron ne may be nmade of
netal i@ ng8s3ri ahe deflegtion begu‘rairtg membah@ﬁeﬂamberqsmatbtht isppayial

mat | | t |
b1 o- compat MM AT ARl wtinizsl SYetens brerepared BBRPRi TRab 88 el o1 Such
material s Heﬁé&% reBH atﬁ’\ tq’n@%b\éﬁygﬁ’bréféi’éﬂlﬁhbg%n elBhg§tel; étréugm um (sold

under the trademark™ni st ai nl ess steel | yam de
pol yt et r af tubulat ¢qnf|gueat(omamtm)ay beemadeiaf arﬂagtm ar @%é@x@éﬁm’@t@r@'be heat

treated or_gcol ked as fecess t tructural 25
properties) Th Lfgeﬁeggog{t?qlfﬁ@&“@@%ﬂ?@,'ﬁ??ﬁ?&ﬁ ﬁ] ggstgi Zé%‘lﬁ?reaortion 270 or
the epdirgonfiqurahened deflection menber 180 may be pre- shaped or made of a

pre-shaped naterial. Use of pre-shaped materials enables pre-sh f
[67] The pre-shaped clo flection Il%ember 180 may be an elonggted ?Ie%gl g o

wire or spine that is pre-shaped to a desired configuration. The pre-shaped
deflection member 180 may be made of metallic materials (e.g., bi-metal or
shape-memory alloy (“SMA") materials) or polymeric materials having

20 appropriate degree of memory, bio-compatibility, and spring-like structural
properties. Examples of such materials include, but not by way of limitation,
nickel-titanium (sold under the trademark nitinol), stainless steel, polyamide
and polytetrafluroethylene (‘PTFE”). Metallic materials used can also be
heat treated or cold worked as necessary to provide the desirable structural

25  properties, such as stiffness and flexibility. Only a distal portion 270 or the
entire pre-shaped deflection member 180 may be pre-shaped or made of a
pre-shaped material. Use of pre-shaped materials enables pre-shaping of
the deflection member 180 or deflection regulating member 190 to conform
the shapeable antenna apparatus 110 to the desired linear or curvilinear

30 profile, thus, facilitating optimal configuration and placement of the shapeable
antenna apparatus 110 along the internal contour or geometry of the targeted

site.
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the defl ection nenber 180 or deflection regulating nmenber 190 to conform

t he shapeabl e antenna apparatus 110 to the desired linear or curvilinear 30
profile, wbws/j4f4agilitating optimal configuration and pl aPemarsn2/a18sé¢ he
shapeabl e antenna apparatus 110 along the internal contour or geonetry of
the targeted site. 12 WO 03/047448 PCT/ US02/ 37886 [58] In the enbodi nent
of the shapeabl e antenna apparatus 110 illustrated in FIGS. 3A, 3B, the

shape of t sh | '

ot o shaped L | S0 bR AEBORACHLIaRE Shipetpic Biterina ASSASIITER MUsfed, o
menber 180 inlFEB8I 34, 8B} thefshdpe afdhé shapeable enidrata appdratusnbtd is190 (via the
defl ection control nechani sm at t handl e cghassi 1 nd into the | unen
150. [59] W‘_?ﬁfé'lbegMp%ﬁgorﬁfﬁ?%@&é@ﬁéﬁ&%@%%@a@%ﬁﬁcﬁ%g %R apparat us
110 may be sggg§&’d€ﬁe&% ﬁl‘énﬁBHrelgoa&ié@I@B\é/}\f'l?ﬁth@&iéf%bﬁoﬁ Reulathyn) carried

by the shap e antenna apparatus 110. one or nore radi o-opaque 10
mar ks, Bhe rsérapeabd@ (\da the deflegtivar canirol meshbeisoiret thepaande ghdssis x-ray  or

fl uoroscopiﬂi%rqgégﬂ%}gﬁhgiw%gel@py aiding the identification of its position

during shapi 0" the shapeabl e antenna apparatus 110 for
tissue abl gkg1on prbSéd sHdpirgdhbiipiberhéift of iep shdbsalsis bersimpapsraiuss 110 may

carry one or = 15 nore intracardi ac el ectrocardi ogram ("ECG') el ectrodes
(not ~ shown)110dnay he aiged by engrer meregisdig-apaie mapkens Pt SRAWD Gded ity and

el ect ri cal ¢qnduci veicaGhiyld bESaRRLOTfo MAAALE: hictaySaiBbiacien. as vel

as to obtai hel r-acti ons. se ele odes mm e secured
al ong tbe IreagshthefsHdpeabkhanteahh @appatatus 1@ beeoatessopbbiie Wdldr &Iy W t h

reference to FIG 4A, an a_Ite_rnahi?v enbodi n&ﬁﬁf. a,.shapeabl e,. ant enna
appar at us ZE@UPEO%F?BW\GW@P@PO%&’[_ reiw gl n_ﬁltg' ,'f'PﬂtéO%ﬂﬁg%PB?'“%e _
shapeabl e %ﬁ@%@?mﬁ Hacéffent f HeESHHPRBIL BitehPg dpparsiianad rgef | ection

menber 180. I's enbodi nent, 'the pre-shaped defl ecti on nenber
180 shapes tisbee ablgpieabl e ant enna apparatus 280 to a desired 25

configurat i[g& b¥n %ldldﬁi%?ll %ergﬁarpae%tbilengntteﬂﬁa%%Bg?e%isqqOrrﬁ 3L/' Ichriy r&%erg?rrber 190

15  more intracardiac electrocardiogram (‘ECG”) electrodes (not shown) for the
physicians to obtain both optimum tissue proximity and electrical conductive
activities before and after tissue ablation, as well as to obtain feedback of
their actions. These electrodes may be secured along the length of the
shapeable antenna apparatus 110.

20 [61] With reference to FIG. 4A, an alternative embodiment of a shapeable
antenna apparatus 280 is shown where, similar to FIG. 4A, the shape of the
shapeable antenna apparatus 280 is prescribed by the pre-shaped deflection
member 180. However, in this embodiment, the pre-shaped deflection
member 180 shapes the shapeable antenna apparatus 280 to a desired

25  configuration by slidably retracting the deflection regulating member 190
proximally off of the distal portion 270 of the pre-shaped deflection member
180. This allows the distal portion 270 to take the predetermined shape,
which, in turn, causes the shapeable antenna apparatus 280 to take the
desired configuration.

30 [62] FIGS. 5A, 5B and FIGS. 6A, 6B illustrate further respective
embodiments of a shapeable antenna apparatus 290, 300 in a straight
configuration and a shaped configuration. In FIGS. 5A, 5B, the shapeable
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proximally off of the distal portion 270 of the pre-shaped defl ection
menber 180. This allows the distal portion 270 to take the predeterm ned
shape, WDOR/047488t urn, causes the shapeabl e ant enna appaParuso28Bs8¢ o t ake
the desired configuration. 30 [62] FIGS. 5A, 5B and FIGS. 6A, 6B

il lustrate further respective enbodiments of a shapeabl e antenna appar at us
290, 300 in a straight configuration and a shaped configuration. In FIGS.

SA, 5B, theasteapaapbaratds YO0 035184I6H48S tIRCIN D S d8EM A syatue PP at us 290

is simlar to the shapeabl e antenna zﬁgarat us 110 described above with

respect to @esgEbedmboys with tasgect lod ISHa pabiBeindhatinesshapgsbieaanienpao t akes

et ect | on ArBANEAPRIRE AP b SR Y g rta B S BT ot i ng
nmenber 330.a EFe—Eh@ed Géfledidn hbmbeh3poalxisilyawanasd dipalrafteldgefledfioni s
simlar to the shapeabl e antenna agpar atus 280 descri bed above with

respect 3% o rfe!ge@tm@_member ﬁ39h_én FG §ﬁa§@a@%'ﬁﬁ’@@h|¢a§'§§ﬂaﬁaﬁpﬂ§r@% takes a
desi red conds @ ahaPdMeflelficta iehhEChbamurieosh HeLBbaRaBsle AR oxially

away and proxi na ortion re- shape i 'on menber
10 360. [ 63jespéthtorfdGS. dicdB in thaiGhe shapédblecantanbe apphratue8p0dakes a

enbodi nents, qf the _defl ection.reqgul ating nenber, 330, 340 and pr.e-shaped
def | ect i on desiiaskeonsigarationoy sidingraiagiection teanating menter sl mialn: enna
apparat us 208y aﬁ@%r&fim%l@ﬁad?s?al p%ﬁi@ﬁ@Sﬁ'o%dpr@ésha@%dadeﬁle%h@ﬁ‘”ﬂﬁerﬁéel[ 64] In

FIG 7A, the pre-shaped deflection nenber 32 360 has a narrow generally
rect and@l ar3@0.oss-section and the adj acent deflection regulating nenber

330, 340 h i.der _general | | ar cross-section. |ln this

o ohods mont B3k B eREAREE 0 AT AT e i Rb S5 SERhP B etBebBiStts 1 on
regul ati ng oretRB elefl@gtibn e ME ) rﬁéﬁﬁiér%O‘,NBHO aﬂé@?e@hbﬁéd%@ﬂleﬁﬁdn be_ in 20
contact with each other along their | en_g"tgh. The pre-shaped deflection

menber 320, MeEeaFEDoBOR thatdeay betused widytheahapgahiendriensa@pramiusay be
SLcot o AR YO8l S8end PRESTAR BB 11l 1he Cerceti
360 i n18 st[6d] ghth RIGNT7Ag theapresshdped déffetiodanémbdr 820f 3@has aagrrgwi or to
generally rectangular cross-section and the adjacent deflection regulating
member 330, 340 has a wider generally rectangular cross-section. In this
embodiment, the pre-shaped deflection member 320, 360 and the deflection
regulating member 330, 340 are parallel with each other and may be in
20 contact with each other along their length. The pre-shaped deflection
member 320, 360 and/or the deflection regulating member 330, 340 may be
slidably received with a sleeve (not shown) to ensure that the deflection
regulating member 330, 340 maintains the pre-shaped deflection member
320, 360 in a straight configuration (or other desired configuration) prior to
25 shaping of the shapeable antenna apparatus 290, 300.
[65] InFIG. 7B, the deflection regulating member 330, 340 has a generally
block C-shaped cross-section and the adjacent pre-shaped deflection
member 320, 360 has a generally rectangular cross-section. In this
embodiment, the pre-shaped deflection member 320, 360 is slidably received
30 Dby the deflection regulating member 330, 340.
[66] InFIG. 7C, the deflection regulating member 330, 340 has a generally
curved C-shaped cross-section and the adjacent pre-shaped deflection
14



25 shapi ng of the shapeabl e antenna apparatus 290, 300. [65] In FIG 7B,
the deflection regul ating nenber 330, 340 has a generally block C- shaped
Cross- secwpon/osmds t he adj acent pre-shaped defl ection nenper/BaD378860 has a
general ly rectangul ar cross-section. In this enbodinent, the pre-shaped
defl ecti on nenber 320, 360 is slidably received 30 by the deflection

regul ating nmenber 330, 340. [66] In FIG 7C, the deflection regulating

menber 330, | FOROs CRIANR NS lPHSodiREht Ahe prsl t he
adj acent pre: sﬁgﬂg 0 BEPREE lcriyiaf WiORCecoNRInE ARt dre pRe. | 320,

360 has a shapadaieflechmsmeed:ter@rio BAOti% skdahty ceiatead by theedgflestioshaped

defl ection r 320,, 36 | i dably received by the defl ection
regul ating ﬁ%ﬂ%g?ggﬁnb%ﬁ%d S‘ié;] Wth reference to FIG 8, a RF abl ation

cat heter 4¢fy n%nﬁlrémrého'étﬁfﬁ@e@bbqaraabm@ﬁ GHIRAEALO0 irtl@lisgast ructed in
accor dance W|th anot her enbodi nent of the invention will be described. The

RF abl abi oishapeaklecantanna apgaratus 440 construeied in pe¢adancWibanoiId above

with respect to,.FIGS . 1A. t t
shapeabl e fm%%@eggﬁgﬁﬁ'ﬂge'ﬁ?@m@ @%@ﬁegdx@@&%%%ﬂﬁa@h%{eré@g’um iC
fluid pressdsigniidrdd aes cathetdira 0daidweibeambenitifcaspeoidorRBRMAIIB At a
proxi mal end of the catheter 400, a stop cock 420 may be used to connect

the cat het @dRR, 2B, exceptitheshaperf tbﬁéﬁﬁ‘ﬁ??@e gntenna pPRASHS l$r ce 430. 1In
the e”bOd' S%Ia?éboﬂ\@a ne\{ll_ctﬂﬁ neuhTatte fuid p ?ﬁﬁﬁeﬂ%@eéég@h?déﬂ%&ﬁoﬁ' |1 ed

with a flui e.g., wever, 1 n alternative ments, the

fluid messegmaangmmlé&m gmyAba paommabend cﬂmeabametmtciomea stép £ock d
pressure source. |68 yth refer nce addi t i qnal o FIGS 9A 913, a
pr e- shaped %m@%&% d-l?e rierRoapect thg cathe é4b8¢§°§ g RgU RS enber 180

descri bed Qf&?&’ﬁres‘é’hl;é‘sﬁlﬁ%ﬁ%b tlﬁtl’fé @ﬁ’tbo‘ﬂjﬁneﬂ'ﬁsﬁf?vvn Qﬁefﬂmd Me@@@*eOYEd or

integrated I nto apeabl e antenna appar at us so that the antenna
appar at us 4bQreea#ta8 i sytingssfilgsewish a fhdd e g-, mpéh W@btlﬂ@ﬂem’fﬁ@r 180 as

h FI G h d _def | d
he. one or Skedmeplied S5 TIPS e EarR P WGBS Rp iR of b e AT rC
antennqi525(§f|wcrrp,‘,éssgpé dhgpesed in the wall of the catheter body 120, or the

cat het er bodg/
68] Wlth reference additionally to FIGS. 9A, 9B, a pre-shaped deflection

member such as the pre-shaped deflection member 180 described above
with respect to FIGS. 4A, 4B may be fully deployed or integrated into the
shapeable antenna apparatus 410 so that the antenna apparatus 410 takes

20 the shape of the pre-shaped deflection member 180 as shown in FIG. 9A.
The pre-shaped deflection member 180 may be disposed in the one or more
lumens 150 of the catheter 400, may be disposed in the antenna 250, may
be disposed in the wall of the catheter body 120, or the catheter body 120
may be pre-shaped. To straighten the shapeable antenna apparatus 410 to

25  the configuration shown in FIG. 9B, fluid pressure may be imparted to the
interior of the distal portion 140 of the catheter 400 by the fluid pressure
source 430. For example, with a valve of the stop cock 420 in an open
position, the plunger on the syringe fluid pressure source may be pressed,
causing fluid from the syringe to be injected into the distal portion 140 of the

30 catheter body 120. This causes pressure to be exerted in the shapeable
antenna apparatus 410 generally in the direction of the pressure arrows
shown, straightening the pre-shaped shapeable antenna apparatus 410. The
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may be pre-shaped. To straighten the shapeabl e antenna apparatus 410 to 25
the configuration shown in FIG 913, fluid pressure nmay be inparted to the
i nterior WD oloe74ds st al portion 140 of the catheter 400 by PCRaAISOL/8is86
pressure source 430. For exanple, with a valve of the stop cock 420 in an
open position, the plunger on the syringe fluid pressure source may be
pressed, <causing fluid fromthe syringe to be injected into the distal

portion 149h%%qéﬂ?§aﬁféenna$k§5aerétﬁoﬂo 30 beTREMtAREA0 tRs seaghe Lo be exer t ed

in the sha pparatus 410 generally in the direction of the

pressure acomra’sdsmshowaum )EI@hQBrbuyrujpsnh@trm walyaarciestiopeatlt 42QR0enna

t 10. 03 4 PCT/ USpP2/ 3788
Sbbar at Us. B THiInES cRIRIST et 120 FES SEF APARE e CORFRORPAL T8l shown i n
FIG 9B bygg 5@%(% Qﬁaﬂ@é%é ferilCafdRRIUEAH Ml@lesdbnfl hedtiohlshiodni i t he

catheter b does not escape the catheter body 12 To return the
shapeath e EiG egmmhap/mueaoughastmpt@wweod@av|b@umne@h agHdhe plunges of | G 9A,

the valve gn the st cock 420 t he
syringe fl %%mé?sfﬁﬁ% PLGRRUG SR%W%@ BV qﬂﬁﬁﬁ%‘{‘}meﬂﬁ}%@@@gﬁﬁhﬁ he fluid
from the digiatoradhré Uﬁﬂallﬁkﬂ'tl@ﬁ 1befens bathetertsudly 12) andrttle shapsdisipeabl e

ant enna apparatus 410 takes the shape of the pre-shaped defl ection nenber.

Thus, the Bhtandamppssaius 419 iﬂk@séfﬂ%@é%ﬂﬁ @f@ﬁt@ﬁrﬁi‘aé?ﬁﬁéﬁﬂeﬁ O10 10 serves
the sane fun bove, and
t he controtJﬂ E‘%b%' uﬁi‘spgﬁ%ﬂure&{é%é@%éﬁ?ﬁ%g%%%% g%{ﬁg&ﬁmna aiapa{?tglgﬁhs1oa(e g.,

t hrougipt heeﬁ/)ééithQ%aHlemeﬂoﬁasuhe defiection P@@OIaimg rmamber dpsarioskd 420)
serves as a deflection contr nechani 531 not E?r enbodi hrent, where
ot eg gga%%tg

the pre- shapewedid e saHrate %!'fd Prggsure B PP alsa 250, is
di sposed | e hhaniigh A sE/Flﬁ & fLRebBEshRBourd2dB0end e 68 bedieadiody 120 is

pr e- shaped, ction re ul at1’ng nmenb such as defl ection regul ating
menber 190 sepeshkas adeflattion ccmimlvmbhamsmmn the elongated |unen 150 for

o 0l S 2 SR PR kR getRR BhepnerTe oL,
cat het @5 i § §iB88654EH thidr HeAnaR50PeRigbseatin tife Rediof tes sathetdr bvdy
120, or the catheter body 120 is pre-shaped, a deflection regulating member
such as deflection regulating member 190 may be slidably received within the
elongated lumen 150 for regulating the deflection of the shapeable antenna
apparatus.
20 [70] The shapeable antenna apparatus will now be generally described in
use. The catheter is inserted through an opening into a body vessel of a
patient where it is brought into the proximity of target tissue for ablation.
Prior to the insertion, the shapeable antenna apparatus is provided in the
straight configuration. Once inserted, the distal portion 140 of the catheter is
25 manipulated to reach within the proximity of the location where ablation is
needed. Steering of the catheter through the patient’s vasculature to the
target ablation site may be done using a steering assembly of the catheter,
and/or, steering of the distal portion 140 of the catheter to the target ablation
site may be performed using the shapeable antenna apparatus and the
30 deflection control mechanism described above. Directional control may be

accomplished with the thumb slide 200, the rotatable collar 230, or by
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patient where it is brought into the proximty of target tissue for
ablation. Prior to the insertion, the shapeabl e antenna apparatus is
provi ded WO oBler448t r ai ght configuration. Once inserted, treTAIS8Y/3M88¢0rti on
140 of the catheter is 25 manipulated to reach within the proximty of the
| ocation where ablation is needed. Steering of the catheter through the
patient's vasculature to the target ablation site may be done using a

steering asc%%wehmg%id BF‘es%ﬁFé‘?dﬁ{e’sl‘be‘%g%@antéhﬁ@bbﬁgrélﬁs Yé‘.gf,%ﬁi al portion

140 of the cathetér to the target ablation site may be perforned using the
shapeabl e astletapd@Ppar at us and the 30 deflection control mechani sm

descri bed ve.. Di rectjopal. contraol b ac Lishe Lth the thunb
sl'ide 200, jeg. FIECRTEENG SPAPINg, 294 fefgeHt 518 ERHB bl s B USo2) 37886
control I n@aodaa%tqs maéﬁﬁé*f@ciﬁtaté&@y 5AEREAIIE radibestuRPPary pldced®dn W th
catheter 400). [71 | acement, shaping, and deflection of the shapeabl e

ant enna5 appadistalparign H401cfithe catheter. Predwrsition abine engiPoMepAERMONar ker s

ne_or mor StIEs kR Betha B s el puoliBapRanbai A, 1

f1 uor oscopigrasfdisn tae artdr/Afedr thedistal pdrorn a0 ohfifie catheterds plaledpor ti on 140
of the catheter is placed within the proximty of the tissue ablation

site, the IMtpeihs proximity ahthesdissaealiationsite, ihe shprephle anteg  eqd

configurati ki r kA9 the
shapeabl e a gﬁ%tggﬁ)%égt%ﬁgp?%%s,%%%gg%%gﬁﬁiﬁ;apﬁg%gre-gsﬁgégé) rgée%gggt I on
menber 10i stddscrbed hbode fdrestiaping theeghdpebblegantenbampparathaie.ghe shapeabl e
antenna apparatus takes the s of the distal rti,on of the pre-shaped
defl ecti on 9E%@%ﬂﬁﬁﬁ&%&“‘ﬂ@@%??%‘i‘s@&gﬂﬁ g‘ﬁ{ge‘?o’r'é’ﬂber in a

di rection ' | | { tion
merber S0 [ D e B Bl S e

di st al por tofdhe distalporiioreobthepwe-shebed didfleation: marber, retracigrigef | ui d

pressure fr the distal portion.140,.0f ..the cath S h e . shapeabl e
ant enna apﬁgﬁﬁﬁf’ﬁ%n {%@%lqgﬁgegﬂ;ﬁ{én @fd'{q?ggﬂﬁg?)i%agéfheoﬁs%ﬂ B{)H}@rﬁporfe- shaped
def | ecj5on tABPAEShapdd Befb@RIAREMIVI SBIINat thBRMapbUbld antéAnaappardtas ed to

t he desired shaped for optimal ablation of target body tissue. Alignnment

of the RF dakemihe stepewfithe digtal pergen ohHieRieothanaddefigrtior membakr
releasing fluid pressure from the distal portion 140 of the catheter so that the

shapeable antenna apparatus takes the shape of the distal portion of the pre-
shaped deflection member). The shapeable antenna apparatus is

20 manipulated to the desired shaped for optimal ablation of target body tissue.
Alignment of the RF antenna 250 with the target ablation site may be further
aided with the use of the intracardiac ECG electrodes.
[72] By way of example, in the case of an atrium of the heart, the shape of
the shapeable antenna apparatus may be adjusted to conform to the contour

25  of the interior wall of the atrium to allow at least a portion of the shapeable
antenna apparatus to rest upon the atrial wall, which establishes line contact
between the atrium and the shapeable antenna apparatus. The shapeable
antenna apparatus is flexible enough to allow at least a portion of the

- shapeable antenna apparatus to conform to the internal contour of body
30 vessel and to rest against its internal wall. As the atrial wall pulsates, the

shapeable antenna apparatus, which is in contact with the atrial wall, will also
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aided with the use of the intracardiac ECG el ectrodes. [72] By way of
exanple, in the case of an atriumof the heart, the shape of the shapeable
ant enna awpasaiss nay be adjusted to conformto the cont o®CT/URB2/3188¢ he
interior wall of the atriumto allow at |east a portion of the shapeable
antenna apparatus to rest upon the atrial wall, which establishes line
contact between the atrium and the shapeabl e antenna apparatus. The

shapeabl o ANESHRRORCHRIAY Aoniblify ol SR0Hal skabighdigtbrinib oARitng por {fon

of the shapeable antehna apparatus™to con ormto the I nternal contour of
body 30 vegseitioand thebody vessgdiwhere treatmentkisrieisired) | . As the atrial wall

| sat the shapeabl tus, h tact .with th
T Cont H51i TINCEER destodoDape pronte Tocke sieppablstant abRStanis o, |
thereby achbg\qe%ﬂ ARt ianadi p@gzﬁ gakﬁle'[ﬁﬁtﬁtth@ﬂégnlréu wbldfiohathwagat i on of

the body vessel where treatne esired 73] Once the desire shape
profil e fothe bbaMabmmhapaabbrmaealp@apaa[&tus ey hresecured i pesitiagRd al i gned
in parall el

shapeabl e é‘?rﬂeﬁWH‘ QSEEF I%l%eedr"z%%&legg‘ﬂ k%l@ '%'?glﬁg{‘gﬁgn%v\}\'ﬂ]h a

set -1 el easene PHIGE DI tife §Wbtc53&k 49%) fo-the &ff mmmghmmeséaﬁmﬁssn@ alilaorval ve of
the stop cock 420 to the off position). Thereafter, tissue ablation can be

acconpl i shean\hetﬂiﬁQdﬁTW@b@d watht therapplicatien of radiairefesn@nenergy- Dependi ng on
the partic roc%g%e ‘P%rggwepg tdﬁre a%ﬁ" e%t@ Ak %ﬁ@ﬁ&m@l ation can be

adjusted b e;?(? enna varr'ous tissue

| ocat i pms weldtioweshrhe agiokictiaby positiohing Hiee RF amengy aldﬁgmarldl.tsrtgrgmd
contiguous ablation |ines can be easi %3%%8? h(ilf’glllzgshed to 6ub tanti

|1
el i m nate tissee lacakions fellowed by-applica FOCHYL- V\E %n%?ea tissue
pat hways 15E§ﬁllgl]-<§1?sl A09R6n Eﬁ% s O&n b@%@fl?@f%{bﬁ%& gf SskihRfalgidhptindtecat i ons

W thin um or regi ons” o ody as neceSsary dependi ng
on the pathe cek af elmctrmadmmmjlsemahagarmatweelp ablated tissuechpathiways. descri ption,

e T R 7 RE B e L R BT B R B ot cve
Opt i MU POgHhd bﬁfhnﬁ’\b?btﬁértréélgﬁé of tfeskhEdpas n@@éé&a@%ﬂeﬁ@néhgwd they while RF
energy Is being applied to the target tissue t ri ng about
particular procedure requirements.
[75] From the above description, it is apparent that the shapeable antenna
apparatus of the present invention allows the electrodes to quickly, easily,
and precisely achieve optimum position over a target tissue and maintain
20 stability while RF energy is being applied to the target tissue to bring about
therapeutic effects.
[76] With reference to FIGS. 10-11C, another embodiment of a radio-
frequency catheter 500 for ablating biological tissues of a body vessel, such
as, but not limited to the atrium of a patient, will be described. The catheter
25 500 is adaptable for insertion into a body vessel and includes a deflectable
catheter guide 510 that is located within a catheter lumen 520. The
deflectable catheter guide 510 may be located in the catheter 500 in addition
to the shapeable antenna apparatus described above. Alternatively, the
catheter 500 may include the deflectable catheter guide 510, but not the
30 shapeable antenna apparatus. A radio-frequency or microwave antenna 530
is provided at a distal portion 540 of the catheter 500. The antenna 530
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therapeutic effects. [76] Wth reference to FIGS. 10-11 C, anot her

enbodi nent of a radio- frequency catheter 500 for abl ating biol ogical

ti ssues oWoasbedys vessel, such as, but not limted to thecatusousssd a
patient, will be described. The catheter 25 500 is adaptable for insertion
into a body vessel and includes a deflectable catheter guide 510 that is
| ocated within a catheter |umen 520. The defl ectable catheter guide 510

may be | ocateedivie8 dritbtramériig Ridi®feqlienéd thicr®mavd)eridigy fdraReadl e ant enna

appar atus descri bed above. Alternatively, the catheter 500 may include the
def | ect abl eaklatieidt er gui de 510, but not the 30 shapeabl e antenna appar at us.

A radio-fr nc .0 : i Vi di stal portion
540 of the LAl hot i cafisterglide st g:?E%g@?g’%%@e\ﬂ%’%@%&@ﬁ&@%&%soz/ 37886
recei ves anahtenaa$30tfer tisslieoalblatioruency ré¢presentative entrligent ofrthei ssue
ablation. [77] The catheter guide 510 prescribes the ablation pathway of
the antennBVeRiiPT dhe cathaier gida o8 ncludeselopgatadprriiens hal @ di ment of t he

c i . . " ; 1 hat
cecur od to Sy EF B HAE oAb ReDhibBEo Fa Colig: i dlE S SMESS &1 e
t he body vebediodyoressef foeciefloctiors staringg pogitishingaridde@agmderiptantraint

trol. A Li | e 580 ds f | d 590 of
the  cat hetldb! nadPENSoRPBRRP MED SO TS GE PRPUHR BB AGREBIeDr coupl | ng
600 for 10 &fRaRshaneld 570 6Ad tlfdesalY elcRtritif cleﬁné@tbgoﬂ éﬁlﬁgﬁ%:tﬂﬂé) fpd/ or

separate electronic devices such as, but not limted to, gener at or,
an ECG10syseannecting the natheiterer00 temnesoiomeye integrapgcband/of separatd| at i on

procedure. A catheter,positional control-610 may ext fromthe

b oxi i erfleCaye oS Tenfils bit A mells 5P pdBtef SrEG Gt het or 500
t hrough t hesybterpahh@RbnioNsrS@bt shaWrd iaRebportictths ablatioh lpréceduxéal novenment
of the catheter guide 510. [80] The RF antenna 530 may i ncl ude an

el ectri cal Ilf9tontigathaler pesidenalicopirol &1 ¢ mayiextend fram ihe rexmealieRda hel i cal
o ) L el e Baplls ks celdgBfc cffiier i) =t o
conductlibve patient’s atasoulamreansiforifor eorrallimpakial moledwesit ofithe catheter
guide 510.
[80] The RF antenna 530 may include an electrically conductive material or
wire strip that is wound in a helical fashion to form a flexible, helical coil 620.
The appropriate diameter, pitch and length of the coil winding, and the
20 selection of the conductive material or wire strip are a matter of design
choice, which can vary according to the particular procedure and flexibility
requirements.
[81] To enhance its shape integrity, the RF antenna 530 is provided with
an inner tubing, tubular liner, or sleeve 630, which has a flexible extended
25 body extending from the helical coil 620 proximally toward the handle 570 of
the catheter 500. Sleeve 630 is constructed of a dielectric material, which
reduces the likelihood of electrical short between the metallic surfaces of
helical coil 620 and body fluids in the lumen 520, and to help confine the
electromagnetic field to the outside of the lumen 520.
30 [82] The helical coil 620 is electrically coupled to a first or inner conductor
640, which is in turn electrically coupled to a source of RF energy through the
electrical coupling 600. The inner conductor 640 is made of a flexible mesh
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choi ce, which can vary according to the particul ar procedure and
flexibility requirenents. [81] To enhance its shape integrity, the RF
ant enna 580 3®4puovi ded with an inner tubing, tubular |imer/usor/3sBeeve
630, which has a flexible extended 25 body extending fromthe helical coi
620 proximally toward the handl e 570 of the catheter 500. Sleeve 630 is
constructed of a dielectric material, which reduces the |likelihood of

el ectrical o5 RpiledRiNREBHSHECHBH 3 thads Bf A AAIIOf clebichMRbosdidtivé20 and
body fluids in t%e l'unen 520, and to help confine the electronagnetic
field to tmeatonalsimichogiraunesdripesrthe otersurfpge|of slaeviech3Itand extends20 i s

electrically coupl ed t fiirst . i r , ' ' in turn
el ectrical IF%O)SW@ Yﬁ&nf @1631%15@?8%'%?6 %Eﬁ%n@%@g?grﬁbdaﬁﬁgﬁe%ﬁ@gﬁi cal
coupl i ng 6Gther CRALBIDE 640 ARBUATR arPéBnyatedrdBulk canfiy @stibhe Ameiaherld WO
03/ 047448 PCT/ US02/ 37886 or braided wired construction, or nade of a

t hi n-f i Pm avallafithe slaeye &3udrfinesdheddneniS20; whi ch circunscri bes the outer

f f 3 i | [ coil 620 t
She. handl o 1830 WetiRrBUE G B4RE ool Wi oty MEATUISERE PHGBLIRS, | °
el ongat ed toabtih@br Ryef 60 EAGNPIts oltericiroemfergntiall durfdcetdrel skterdte 630 defi nes
the Iumep 520. 83} | nner conductor 640 is cg&ged with a BBI@]{EH C .

di el ectri c Pspxmaly ie the '&%ﬂsﬁlﬁrﬂoorD'?ﬁ‘ngc lgyer AGMVESAHACEPS Blehferenti al
surface andeexh@BfisutdcBktIBlc} BebrleliRbalPissibhes Mt bodiloer 650

serves as a substra or a second or outer conductor 660 and electrically
i sol at ¢8 t I840ifromethe onttncooductbd 6600 from t he outer conductor 660. [84] The

helical coil 62Q.i d. d th i r cund ' f f th
i el ot 1 o 64 o e AL GIEORY BowpiiE AR TE! at SRl UM & Soo
In turn, oWrehe GRS RIyePBBOIahdaS @fddtrical lcbupridtoeslitbPchituciernssee of RF

energy. 15 [85] In the enbodi nrent shown, outer conductor 660 is nmade of an
el ectri cal Ily twonduter icondustoefalis electricaly. epuplag te dlae gpurce?fRlc | ayer 650,
and extends fromthe helical coil 620 proximally toward the handl e 570.
The outer U5 ict or 660 can be made of braided wired construction or thin
film 15 [85] Inthe embodiment shown, outer conductor 660 is made of an

electrically conductive material circumscribing the dielectric layer 650, and
extends from the helical coil 620 proximally toward the handle 5§70. The
outer conductor 660 can be made of braided wired construction or thin film
electrically conductive material.

20 [86] The helical coil 620 may be coated with a polymeric dielectric
encapsulant along its outer circumferential surface to ensure the structural
integrity of the helical coil 620 and to protect the same from the biological
environment. The encapsulant is made of suitable materials such as silicon
or polymer-based materials or rubber compounds.

25 [87] Similarly, an outer jacket 670 made of similar materials is provided to
encase the helical coil 620 and the outer conductor 660 and to provide
electromagnetic and thermal isolation from the biological environment.

[88] Thus, the distal portion 540 of the catheter 500 includes a set of
electrical conductors, each of which is formed in an elongated tubular

30 configuration and arranged in a substantially coaxially and circumferentially
aligned relationship with each other to form a hollow cable which extends
from the helical coil 620 proximally to the handle 570 for the delivery of RF

20



el ectrically conductive material. 20 [86] The helical coil 620 may be
coated with a polyneric dielectric encapsulant along its outer

ci rcunf erwpotod@li74gtir f ace to ensure the structural integri PgTafSoy/smssdhel i cal
coil 620 and to protect the sanme fromthe biological environment. The
encapsul ant is made of suitable materials such as silicon or polyner-based
materi al s or rubber conmpounds. 25 [87] Simlarly, an outer jacket 670 made

of simlarg "F“|§ cbﬁfl rﬁﬂbﬁ%da&\%n@g@&ﬁsebééﬁusa%éQ@%ulﬁpwncﬁﬁ,@or@nd the

out er conduct provide electromagnetic and thermal isolation
fromthe beéop@eﬁ@auhuehmawmhatlcal[yagqlle¢haed thenbelinadly £oiled aniesmasa®P of t he

cat heter 500 | t,, of h
Cormed. i n QPXGedRE BIct Ty SondBofiis, bifae, ARaN Shohen e i tishy Y <" ' ©
subst ant i atfe/nficteniatd le)ﬁeaﬁﬂhalvtew isileepiovitling a cehtraneshxialllatieartshi p wi t h
each other to forma hollow cable which extends fromthe helical coil 620

proxi ned | yacoommdmmeecashetemwdawand!@r phapgakie aptennzeRrREratiso47448

PCT/ US02/ 3 6 en ' onf 1 guragi. ' use t he
fubl ar - cohiorah e Kms s2n R i cBhis e ules 4RE LR G Pach B0 el

helical ly eféhreiveritsttiimeat) therumhen 520thay irlchaler oresbr mowﬂuinem ve surface
area, and, hence, efficiency of the m_crowave en | iV , While
provi di ng anedkrhele Jahicmaynrtba 60@('%46’&'377&\%%”5{”%}‘/%3 géér gui de

and/ or sha shown

coaxi al f%ﬁt hg %ongw%ogﬁagﬁ bu@(% b%'lbﬁgftlﬁﬁinélt eréﬁ?ﬁ/ﬂeﬁéﬁbﬂggl ment, the

| umen ﬁ)ZO catheteachdiwitbine bodymessdlmmdns ;erbeyecarrfommtdecbcbthmccmtOhay not be
coaxial with the onduc ar,s 640, 0. The cg u 10 may be

| ongi t udi n8f e bR \S?F@& FHigRMSH O?gh ﬁ%ﬁ%@%eerr guids \I}\ﬁ ﬁthg dL?(%f?gvessel and
i's flexibl Ys%é@hﬁ@ﬁ gﬁﬂiv@ay} Ry %H‘fe@ﬂi‘tate@fwﬁmﬁeb%mf\/méﬂ mofé rafigent of

the catheter guid the desired tissue ablation pathway may be
facilitateopagué marbeuswobmtr@nerdwc glectrodasimpuniehglengribe icathetand

|t acar o A6yl ST RO oROHEC BGRRLIE FEHIRRED b BB TdeeT 20
the cajdiet gkedPatildd thytgtﬁ@tbhgoer gui de 510 i ncI udes an el ongat ed
flexible spine 680 with a
90] The catheter guude 510 includes an elongated flexible spine 680 with a
distal end portion 690 including a distal atraumatic tip 700. The distal end:
portion 690 may be secured to a distal portion of the antenna 530, at the
distal end of the catheter 500, so that the atraumatic tip 700 is adjacent to the
20 antenna 530. In an alternative embodiment, the catheter guide 510 may be
fixed to the catheter 500 so that the atraumatic tip 700 extends a distance
from the end of the catheter 500.
[91] The tip 700 is atraumatic to reduce the potential for perforating a body
vessel. Optionally, the atraumatic tip 700 is formed of radio-opaque material to
25  support identification of the location of the antenna 530 during administration of
the ablation procedure.
[92] The spine 680 is made of one or more spring-like flexible materials.
By way of examples, in one embodiment of the invention, the spine 680 is
made of stainless steel. In another embodiment of the present invention, the
30 spine 680 is constructed of a plurality of elongated members having pre-
defined dimensions and joined to form a unitary body. The proximal portion
of the spine 680 may be secured to the slide control mechanism 560.
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distal end portion 690 including a distal atraumatic tip 700. The di stal
end portion 690 may be secured to a distal portion of the antenna 530, at
the di stwb osnd74¢d t he cat heter 500, so that the atraunatiPCTIUSP2/FB86 i S

adj acent to the 20 antenna 530. In an alternative enbodi nent, the catheter
gui de 510 may be fixed to the catheter 500 so that the atraumatic tip 700
extends a distance fromthe end of the catheter 500. [91] The tip 700 is

atraumat i c (45 I ¢ eEeaddiforRP ERbobFhe AT theshiTfeab80ahe ditalend/ssitieh.
Optionally, the atraumatic tip 700 is fornmed of radi o-opaque material to

25 support 698eftthe ispins &30 oraythieemoee Hexible thantramaining pagionsefdiei ng

adm ni stration .t he, abl at i re, . . shl | de of
one or norépg‘&g%%-'iq’k eRPaid m%ﬁﬁé&é a\?%r!a{b?%étn;vﬁg%soﬁbﬁigﬁ%@g’t&ﬁaﬁﬁ one
enbodi ment opits 1dRythNYRRIdifsIentdh fidiibittyash be effesidd yf vayagtheshapeeel . I n

anot her _enbodi ment of the present invention, the 30 spine 680 is
const r uat e@ndftha iz efthetajoss-sestionghPileeitherspin@oBlg pre- defi ned

cpino 680 K4y biTeEtingheBofitrie Kehpitho. SR HE MRaleRy |0 © (1

03/ 047448 BoHidIHE20 37 &R6sHiAS B80 Mmay badadade ohalbi-emdialdmahaipeahemuey spi ne 680,
the distal end portjon 690 of the SR.i Pe 680. mhy be mgre flexible than
remai ni ng FYPY (MAOrMatesial syshas Brphickelgitaniugy aloy spid ginge have vari abl e
stiffness. i t i ' ' ' BAGH thé

f1 exi bl t?}’laggﬁ’%té ”é@?’lﬁi"%“%‘&'“@'&f §ﬁ%ﬁtﬁﬁé¥dgﬁh€a§};ﬁ§ar§ﬁgﬁﬁe size of the
cross- $@ct ispired 680 tiar theafistahend porteonadN nfay4ie made df such&MAnbodi nent  of

t he spine 680, .af least t | stal .end ortion 690 t he i 0 may be
made of a B‘??tﬁﬂ? IJ”?J‘? u§ﬂ8g§%ﬁ@3§”§aﬁqa&?ﬁs(p@ﬂﬂ"ﬁp'%% |ea‘fat§%(?ﬂalé{% he

ni ckel - ti t @AiQUP AiblaPPoiRhb40nsiahe [dathetér SOBFRESNTBITHItR® bathBtdreotBitovel v, the
entire spine or a larger portion of the 10 spine 680 than the distal end

portion 69@timityalsesirad supiilinage Rraiile thH*_éff%‘P“ifé‘EUQ thenaygalen 8Mh nateri al
o per o LSRR Ghe R R e S elesbpst B oRg?, o (e
profil ¢5 tRessélaaibahgbhdmdthedforipgaishapingef PMAcaatenialodret deneraliynet er 500
to the internal contour or geonetry of the body

known in the art and are not dis¢ussed in detaills here.

[95] Examples of pre-shaped configurations of the catheter guide 510 in

application are shown in FIGS. 17A and 17B. In FIG. 17A, the spine 680 is

shown with a pre-shaped counterclockwise hook or curve. In FIG. 17B, the

20 spine 680 is shown with a pre-shaped clockwise hook or curve.

[96] With reference to FIGS. 12A-19, an another embodiment of a catheter
guide 710 will be described. The catheter guide 710 includes a spine 680,
an atraumatic tip 700, and a second elongated strip or pull wire tendon 720
that extends within the catheter lumen 520 along the length of the spine 680.

25  The pull wire tendon 720 is constructed of elastic spring-like materials. The
pull-wire tendon 720 may also be constructed of SMA materials, optionally
pre-shaped to accommodate the particular geometry requirement of the
internal body vessel. A distal portion of the pull wire tendon 720 is secured
at the atraumatic tip 700. At this location, the distal end portion 690 of the

30 spine 680 can also be secured. A proximal portion 730 (FIG. 19) of the pull
wire tendon 720 may be secured to a thumb slide 740 of a slide control
mechanism 750 via a fastener 760. The thumb slide 740 may be slidably
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15 vessel. Means and nethods for pre-shaping of SMA materials are generally
known in the art and are not discussed in details here. [95] Exanpl es of

pr e- shapewomandisgtir ati ons of the catheter guide 510 in applriusal/3m86 ar e
shown in FIGS. 17A and 17B. In FIG 17A, the spine 680 is shown with a
pre- shaped countercl ockwi se hook or curve. In FIG 17B, the 20 spine 680
Is shown with a pre-shaped cl ockwi se hook or curve. [96] Wth reference to

FIGS. 12A- J&gaﬁgd%%@ﬁrlaﬁ@ﬁmﬁﬁﬂ%ﬂ& 90 & éﬁéﬁtﬁé%@si%ﬁ?oﬁtﬁ@ Héindle be

descri bed. The“cathet'er guide 710 includes a spine an atraumatic tip
700, and a 5k dmehgiluditgd teevesaentpofdne thumb wlide 748 mdng thedongitiginalxt ends

within the t er Jl.umen 520.al on he.l e of, the spihRe.680. 25 The
pull wire tsg%(jﬁ)t %%)blf‘? a&?%’éﬁ%%?%@“iﬁ@%@@f{] eé‘ﬁ‘r"?‘?{g?'ﬂ BEQO %ri als. The
pull-wire t&QMmgtBr @@Qiem%(fr@dt@ﬂab@a;ﬁgﬁésmwﬁéﬁdnﬂ{noﬁmowm Bidydes, optionally
pre-shaped to accomodate the particul ar geonetry requirenent of the

i nt er nal® bdagorperafed in fheithsrab slide 4Gt Brintaie theidrippesitiareidba 720 i s

secured at ' LR, 7 ' ' i.stal end
portion 69d°%¢]ﬁ{@i&%ﬁ¢ﬂe&ﬂ€% Sg'grﬁ "{a)%asntgk%% ég@@@%&cﬁ&lly&@ﬁlgggeﬁal portion 730
(FIG 19) dafxdrsiepwfsuchiniearissindiode 620 refessd gressureanivitoh ¢r seffdotkingi de 740
of a slide contraol nmechanism 750 via a fastener 760. The thunb slide 740

may be sl i dBBFRAMISMAD 03/ 047448 PCT/ US02/ 37886 engaged al ong a | ongi t udi nal

slot 770 of h ; ' @?@q ' ' enment
of the thurﬁg?]sl ?@gk&)@%ﬁ?@ﬁgﬁt@ ﬁ)g(?llf‘%%\@ﬁ?u i ngﬁzong%gttedg(%ﬁéﬁgﬂ?%??a pvysi ci an
t o def Méct dlbetridalgunttien80@.omheateddcal gindtioa 80fhishisprseglatdedisial f ri ct i onal

hapi h b ' d.j nb .slide 740
o i nt ar PR BF B Serdne HontoR 818, LGS IoRRRLRT sell s HatR e uch
nmeans are COSHRES jghétorr800 kBligh th@é&ﬂ%&cﬁi@n‘?fabﬁlﬁ% !f@étfﬁnsingt;ﬂngqﬁcG

set-rel ease, pressure switch or sel f-1ocking nechanisns. ] "A proxi mal
end 790 of dignals petweadsaniexteroahbeesystemtans theraniecomnoreatECGI0 el ectri cal

bi"an o eotnreliescHite difiaabtoE s8R el ia8RE Pl pr ot fhe P
el ectritzal ddditsriadBoR@lctbhy Mmaghextdirl Lesugtttheocortletion 2801 880 foransmi t ting
ECG signals between an external ECG system and the one or nore ECG

connecting electrical aspect of the catheter 500 to one or more external

electrical systems. The connection cable 580 includes an insulating jacket

830 and terminates at electrical coupling 600 for coupling the catheter 500 to

one or more external electrical systems.

20 [98] With reference specifically to FIGS. 12A-14, the distal end portion 690
of the spine 680 may be more flexible than a proximal portion 840 of the
spine 680. This difference in flexibility can be effected by varying the shape
and/or the size of the cross-sectional profile of the spine 680. For example,
the distal end portion 690 of the spine 680 may have a cross-sectional width

25 W1 and a thickness T1, and the proximal portion 840 of the spine 680 may
have a cross-sectional width W2 and a thickness T2. In the embodiment
shown, the cross-sectional width W1 is wide in the distal end portion 690 and
the thickness T1 is narrow in the distal end portion 690, and the cross-
sectional width W2 is narrow in the proximal portion 840 and the thickness

30 T2 is wide in the proximal portion 840. This configuration along with orienting
the pull wire tendon 720 as shown, causes the distal end portion 690 of the
spine 680 to have much greater flexibility than the proximal portion 840.
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el ectrodes at the distal portion 540 of the catheter 500. One or nore 15
addi tional conductors may extend through the connection cable 580 for
connect i /yoaBmetns cal aspect of the catheter 500 to one orPCrarse2/zmser nal

el ectrical systenms. The connection cable 580 includes an insulating jacket
830 and term nates at electrical coupling 600 for coupling the catheter 500
to one or nore external electrical systens. 20 [98] Wth reference

speci ficall [99¥ 0 FEES131aMt 14 illushatd e dibtaf portivdr34006f th8Qativdtet BEO $i ne 680
may be nore flexible than a proximal portion 840 of the spine 680. This

di f f er ence a atraigbkeanfigurstiatpande dgfles riigutaiion, rRpraséivelyade theind/ or t he

size of the,cross- t | anal fil f,qt i le, the

Gl atar end SEERIREGN DR sUBYE N AcRag I FRLOEe o TTEOBICE i ieh 25
WL and a t hhgksresr ddauraatc ih@0pr axithetefsutéd eonfigifratibn shewsin G680 nay
have a cross-sectional width W2 and a thi ckness T2. i ment

. . | n_the enbg
shown, Hhe ™.dke cathetergitide il Qis delested g gent by theepdl ‘é’irﬁlte@&‘éﬁ Egpt i on 690
and the thi ' : iy the distal end portion 690, and the
Cross- secm@w&\?mth}tl%{r%ﬁ?ééﬁgjrdgw in the proxinmal portion 840 and the
t hi ckness JA00R Asdiscdssadalbdve withxespact po FiIGBN1B4@ndTHEB thedistalemat i on
along with orient] the pul] wire tendgn 720.as sho causes the distal
end porti orP@ben QPBI%IﬂEhe §Wﬁﬁe€8@8@aw%9§eHE@%'-@?@QP%%‘?#@WW?% than the
proxi mal p ol . - idEI749. orl3 and 14
st rat 6 o e S P e e Rl TP o
conf i gdPat i distahpdrtian &0 efdhe dathwier 50O ta conform dbe eathieien hody te attain ast r ai ght

fi tion. wn in ElG 13 h LI Wi t 7 |1
fhe. ar aameRvetiea0ron Exampld ofecr ek oindRRugne e sfbres™'s 107
the cat het eg.’zuiSéWdG i APplicatidpfdredhewrtn e, 184 4Me18B! In WiGe18aHen 720
pulling on the atraumatic tip 700. [100] As discussed above with respect to

FIGS. 17A esnina 880 ix showm vithia preishared P@Lﬁj}e@mwi%eogbpﬁéuwg IRray be nmade
o1 S e, o MRS TRt Pt S PR Hdkoten FOaRL e Shop o
conf or st hel argfitodinal moweyndnt ofitieapoll wiredesdared20 ivizethe glidefédnérol Exanpl es of
ELg\-,\;h?ﬁe% r%ggﬁé%%%gfré@ol%gg%;ptﬁg%p%%g%}grrgq@eu l7%’8 a%%odilstgl Ry Iplogt‘?c‘;[nI 8ob &' ©
of the catheter 500 to assume a pre-shaped configuration or a straight
configuration.
[101] With reference to FIGS. 15 and 16, an alternative embodiment of a
20 catheter guide 845 is shown. In this embodiment, the catheter guide 845
includes an elongated tubular body 850 that surrounds and houses the spine
680 and the pull wire tendon 740 along most or all of the length of the tubular
body 850. A distal portion 860 of the elongated body 850 may have a
penannular cross-section where the spine 680 and the pull wire tendon 720
25 are exposed. The elongated tubular body 850 includes a tubular lumen 870
that the spine 680 and the pull wire tendon 740 extend through.
[102] In FIG. 16, a distal portion of the catheter guide 845 extends distally
beyond an end of the catheter body to define a guide leader 880 . The length
L of the guide leader 880 may be varied depending on the particular
30 application as defined by the relative location or distance between the RF
antenna 530 and the atraumatic tip 700. The atraumatic tip 700 serves as an
anchor for the catheter 500. The length L of the guide leader 880 can be
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spine 680 is shown with a pre-shaped countercl ockwi se hook or curve. In
FIG 18B, the spine 680 is shown with a pre-shaped cl ockwi se hook or curve.
15 Longi twoimak74movenent of the pull wire tendon 720 via Phe/sb2/amscont r ol
mechani sm 750 may cause the catheter guide 710 and distal end portion 690
of the catheter 500 to assune a pre-shaped configuration or a straight
configuration. [101] Wth reference to FIGS. 15 and 16, an alternative

embodi ment B{gggl‘%rﬁﬂeG%PE%éﬂ o‘anwhglt’théfﬂx%mﬁaéth%vaf thercathér eobodi nent,  t he

catheter g I nc es an ongated tubul ar body 850 that surrounds
and housesAltbmatipelyethesl@gtirid of the guitie leadear 888nney besayjustahle anskt or al | of

the length of the tub dy 850. A distal ' | ted
body 850 e idasra Bhanl B adidied o bicthaniin fiay B8 (L 198 &
pull wre jRREQRC HEévet? 1Y SuiBENEs®st-led§id (efronD@rgiAgt UR@WneExemEiunB50

I ncludes a tubular Tunmen 870 that the spine 680 and the pull wire tendon
740 extfendenthodingant, tHeglide heades 880chasaderathiL Yanprodmately ke cat het er
gui de 845 extendF distally beyond an end of the catheter body to define a
gui de | eadSP"WBB©™SThe | ength L of the guide | eader 880 may be varied

dependi ng Pﬂ)d] hen Qaﬁﬁdaﬁuh,athe?détﬁétéf pariel 845 Busdeftorsthbdlishtjusitiosl and ve
| ocation or distance between the RF antenna 530 and,t P?gsa;r. az tic tip
700. The aceni@ehwith the purface abthedeodysvassel. ahbe girapgaticklistabiméber 500, The

ength L o géﬁgrﬁg%%stﬂqe o l‘féﬁ&a%@%ﬁn&‘@@é&ﬁﬁﬁ@d?@éé&ﬁ%37886

pr edet er m I Xe e nmanufacture cat heter 500.
Al terngli vedducedhisksafgiuncluref Thedlexibilitg of Heeleath8®0 guide 845 adpblesdbl e and

once the desired length L is achieved, a slide ntrol nmechanism may be
ocked to [t Bk CORBE 49 1S POGHF of rgtamLvossBr RS SEETTW B exenplary 5
embodi ment abra[ﬁ’@ %Htﬂﬁayll fRdRe r&;ﬁ@-f?@xt%a%cy%m%ibrdw@%_ HNOAAX5EB! &ith 3
centineters. 8 I'n application, the Catheter

) } t el ﬁw de 845 is used to
establ i sh fesdeilestablecatiaier guitdei45dispesesiwithiodhefurnae 28diha/distadl . The

S b bl hndloE B85 Bab bk oAt e et e,
of thejgat fairs s4sliTR SdbwRe e ®sh 720 attached to the atraumatic tip 700 of the

catheter guide 845 provides further steering capability to the catheter guide

845. Manipulation of the spine 680 and the pull wire tendon 720 individually

or in pair (either distally or proximally) at the slide control mechanism 750

provides further changes in the shape of the catheter guide 845 (and

20 therefore the distal portion 540 of the catheter 500) and in directional
steering. Thus, in addition to providing pre-shaping to the deflectable
catheter guide 845 (and, therefore, the distal portion 540 of the catheter 500),
the catheter 100 offers substantial capabilities and versatility within the body
vessel.

25 [104] Optionally, one or more intracardiac electrocardiogram (‘ECG”)
electrodes may be mounted on or within the catheter guide 845 to support
collection of intracardiac electrical signals when the catheter 100 is deployed.
[105] With reference to FIGS. 20A-20C, an embodiment of a catheter guide
900 with bidirectional deflection control will now be described. The catheter

30 guide 900 is similar to the catheter guide 710 described above, but the
catheter guide 900 includes a pair of opposite pull wire tendons 930, 940
extending along the length of the catheter guide 900 to provide bidirectional
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to flex to conformto the contour of the body vessel thereby securing the
abl ati on pathway for the radio-frequency or mcrowave antenna 530. Wth

t he def| ewDablog74amt het er gui de 845 di sposed within the | urensan37sshe

di stal portion 540 of the catheter 500 conforns to the linear profile of
the catheter 15 guide 845. The pull wire tendon 720 attached to the
atraumatic tip 700 of the catheter guide 845 provides further steering

capabi 11ty defielish 6ALERHRG fuisthe BF5withnauhahigbn. ofnd bal aene 680 and

the pull wre tendon 720 T'ndi vi duall in pair (either distally or
proxi mal | ylemadortsr@’o’(klgmnawbﬁsﬂdab’ty ammd WBUIFI glongated sendan W@Dveﬁanges in
t he shape

540 of ¢ ne 960t e cBgbp LR feai &0 SELEAIS SR BT oBdi tion 1o

provi di ng %&@uﬁﬁ@tfwg?@ The spRid B/ HelRiesCsHdpeldesensitfiekibl§ 4pineagrd
therefore, the distal portion 540 of the catheter 500) t he catheter 100

of f ers Bubsutanding theapaiority of te langth.eftbarsiping §15andia ﬂatrfk,ixm?pm@essa 25

61 cot r otes NGy ALeRRHAE HaER St lgr i BRs PR CURRIERAR B A RRNTER0) o

col I ecti onjwh distal pemibicithebpintg 15l Tise gallexibibepine@iCandeher 100 is
depl oyed. 105] Wth reference to FIGS. 20A-20C, gg enbodi nt of a

cat het er gshaged semiiexibleppine &20; 'Bﬁ&lbecf@fm%tqf@ﬁy the matey ? now be
descri bed. E@Snﬁé”%gﬁﬁféf&q Q‘éhﬁ#% SHahg af r‘%afé? d6r &hbRbgonglf de 710

descri bed ove eter U|de es a palr of opposite
pull wige teaddak ©@3f), meddls, mdmaer:b)mgutabkafg»rth&eapplmg!tlhn@ibscmi@ed:at het er

i de 900 de. bi di t I VWO Q3/0 4 S02/ 3788
ot Lect  on NGroiBy EUPKIRAGas & giaul SeiPnfions S50 AN TEPe SRR vi v e
tendons 93Q, sl%% bbl H?eoﬂah%bfdf dé:ln%ﬂmg%avéﬁ\bnt @i DRgANISMArd ﬁéﬁﬂj@ﬂsgr ooves

960. Di st al W re tendons 0, may be secured to
atraumatic Qt&OpQQOOand'HEmﬁL deﬂ@IIinQfdh@Ga&eiﬁra@édeﬁ@ﬁ} fl exible spine 920 5

ext endi ng ority of the th of a exi bl e
Spi ne 910%@@{@@)&5& U?P%%OB sgl[dgl co‘gwfg)l M@Bﬁnﬁﬁ%ﬁ%’e JsAeerﬁB i Heexi bl e
spi ne 980 gul vidrdlteHddins B30 fopullFn theeatFRimatiOfhd 970heThid eduddsetkielsbinespi ne
910 and the shaped sem -flexible spine 920 Iwy'%'be formed of any of the

material s Y&storhansborgrfipst indhetdiectipn ok theste Q. Similrlynactuatian s or

combi nat | Ol%t tl‘i’é slide control mechanism may also cause the opposite pull wire
tendons 940 to pull on the atraumatic tip 970 in the opposite direction.
Bidirectional deflection control of the catheter guide 900 gives the physician

20  more control of the configuration of the distal portion of the catheter.
Although unidirectional deflection control and bidirectional deflection control
have been described, the catheter guide 900 may be configured for
deflection control in other numbers of directions (e.g., tridirectional deflection
control, etc.).

25 [107] From the above description, it is apparent that the present invention
not only effectively reduces, if not avoids, the need for repetitive pinpoint
precision placement of an ablation catheter antenna (as was performed in
the prior art), but also provides substantial navigational capabilities for
deployment of the antenna 530 within the body vessel. The present invention

30 conveniently places the radio-frequency antenna 530 along the locus of a
catheter guide that defines the tissue ablation pathway. At the same time,

the present invention ensures a continuous ablation pathway and
26



10 materials (e.g., netals, polynmers) suitable for the application
described herein. Proximal ends of the pull wre tendons 930, 940 nay be
attached wo 03a4ah8 de control mechani smfor controlling nowemarsn2/afsss he pul |
wire tendons 930, 940, and, hence, deflection of the catheter guide 900.

[ 106] In use, actuation of the slide control nechanism may cause one of the
15 pull wire tendons 930 to pull on the atraumatic tip 970. This causes the

spi ne  9154{0:tHRHA| ﬁed@l@éé @ rlblﬂ of B_cHlichFipipse Makale Betndeom abited

Simlarly, actuati he slide control nmechani smnmay al so cause the

opposi t e papotsvias avasepeidormedit the pior ArihnAcher Cmglﬁdhﬁtnr@&?ﬂt;ﬂ“@moﬂn t he

opposite dirg Bi dir al ter guide
900 gives tHES Bﬂﬁgayc? @ﬁ%ﬁﬁqﬁ 88%%‘6?81{) h‘%‘hﬂégggd'r&f%oﬁl;rgwg%ﬁginnghe di st al
portion of cfRAineal Nali¢is whhbhiotemeedifei 6pstheart suigétye CThese arendthet and
bidirectional deflection control have been descri bed, the catheter gui de

900 rmy5 be aspedts @ndearvientagescel thetnvsntiop il BRcOmeARRAeRLFYB/EE of
d f 5 [107] F
the above. Buhe kBl EELLBIG, 48 8 ERcBhpeb O fawigeuhice s 1100 (LR

ef fecti vel yilusgaicHp wal fof@@nﬂ)t@ktl@@featd‘resmﬁelmb fmventlelpeti tive pinpoint
precision placement of an ablation catheter na ( rformed in
the prior &Q8], toull bs regdly sppaeast %&@Pﬁrﬁiﬂ 36 @&tﬁ%%ﬁﬁeaﬁﬁrbi lities for
depl oynent i} nt invention
30 conveni eﬁ%l é/&?aces tﬁceé:t?)gtg I?%%%Eﬁ% t[éeﬁﬁg&#SbSeg @?gﬁf@tﬁe | ocus of a
cat het ¢0 gmea:tblytﬁeamadtefwnmlttdwattnmsfumnabeaplrttrangzﬁdomawf i investioame time,

t he present entl 0 res a continuous ablation pathway and 26 WO

03/ 047448 P@F%JQ@Q/W%Q&OE%'@ HA'MSt 1y reduces the risk of electrical

i mpul se | eakage between abl ated spots (as was perforned in the prior art).
Accordingly, the present invention substantially acconplishes the

obj ective of the Maze procedure in achieving curvilinear |esions wthout
the need for open-heart surgery. These and other 5 aspects and advant ages
of the invention will becone apparent fromthe follow ng detailed

description, and the acconpanyi ng drawi ngs, which illustrate by way of
exanpl e the features of the invention.
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[108] It will be readily apparent to those skilled in the art that stil
further changes and nodifications in the actual concepts described herein
can 10 r ewoioBp413e8 made wit hout departing fromthe spirit acd/tsoppmssof the
invention as defined by the follow ng clainms. 27 WO 03/ 047448

PCT/ US02/ 37886 What is clainmed is: 1. A shapeable curvilinear

radi o-frequency antenna apparatus for ablating biological tissue within

t he body v : ; ient, conprising: a) a flexible catheter body
I ncl udi ng ;‘R@?{slfala@oe??%bn and an 5 elongated |unen; b) inner and outer

coaxi al | y al.i gnédskapehhl¢ cusvilnaasmadindreguencynantesna epphestes fanablatiogxi al
with the | n,. and c) a flexible shapeagble curvilinear radio-frequency
ant enna ca;h‘naeﬂ'cgﬁ?sf‘_ é“"@i‘%ﬁlﬁp r‘quﬁal_%fa Q"’H@ni'lcé’mpdlsép%at heter body and in
el ectrical 10 cymuny fa5bI8Tathdidr B ihdifiGihgdWis@YbSrioAGmdiad | v al i gned

conductors, the flexible shapeable curvilinéar radio-frequency antenna
adapt abbe to recei ve elonpated N, radi o-frequency energy for ablating

bi ol ogi cal tiss and_shapeabl.e bet n, ' C ' j nd a
curvilinear com&ﬁgur a\'f'ri‘%rgo (?Utglf 8%%\‘5'8’ 3:98&%3%éﬁ@ﬂérﬁeeﬁéiﬂﬁéﬁthﬁqggt ternin
bi ol ogi cal tissue wi tdatetéNgndesdxialAgsak @hed; st ient. 2. The antenna
apparatus of claiml1, further including a pre-shaped defl ection  nmenber

carried by the fdexi 8 txdrasbapeable chMlineaeErdio-Hanueneyenienes camiglenna

adaptable to take a ' ' ; flection
regul ati ng nenber Opg:frygtp}i\%g%aﬁﬁﬁg?%glg&%ﬁé?(h%@gPg_@?%gpé@gle @tf:%gct I on
menber 10or regul at i ngohiraudiebti@ctviththeoihnerant puter sbaxially akitgfedect i on nmenber,
wherein at | east one of the é)égélﬁggged defl ecti on. nenber .and the

deflection regul ati nFREHBOF ul 'Pa%‘lag_e? £ quRdlingan {FAQIRAreaLBRSY gur at i on
of the flexible Shapeﬁﬁéﬁfgé%dtéblaﬁé‘rrecgﬁ\@ Snd (r8RMAR FYdiBHRDBACS between a

strai ght configuration an re-shaped nmenory curvilinear configuration.
3. The antenna appar anesgyfor@blitimgbjologicaldisaue Apd shapeakipbetwrdn 2ct i on
straight configuration and a curvilinear configuration for creating a

15 curvilinear ablation pattern in biological tissue within the body

vessel of a patient.

2. The antenna apparatus of claim 1, further including a pre-shaped deflection
member carried by the flexible shapeable curvilinear radio-frequency
antenna adaptable to take a pre-shaped memory configuration, and a

20 deflection regulating member operatively associated with the pre-shaped
deflection member for regulating the deflection of said pre-shaped
deflection member, wherein at least one of the pre-shaped deflection
member and the deflection regulating member controllable for changing the
configuration of the flexible shapeable curvilinear radio-frequency antenna

25 between a straight configuration and a pre-shaped memory curvilinear
configuration.

3. The antenna apparatus of claim 2, wherein the pre-shaped deflection
member is an elongated, flexible spine made of a shape-memory alloy
and longitudinally disposed in the elongated lumen.

30 4. The antenna apparatus of claims 1 or 2, wherein the deflection regulating
member is an elongated, rigid member longitudinally adjacent to the pre-
shaped deflection member in the elongated lumen.
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menber is an el ongated, flexible spine made of a shape-nenory alloy and

| ongitudinally disposed in the elongated |unmen. 30 4. The antenna apparat us
of cl ai nrew0 001047348 Wwherei n the defl ection regul ating nenrb@CTIGS087886

el ongated, rigid nmenber longitudinally adjacent to the pre- shaped

defl ection nenber in the elongated |unmen. 28 WO 03/ 047448 PCT/ US02/ 37886 5.
The antenna apparatus of any of clainms 2-4, wherein at | east one of the

pre- shaped gleThaGhiahaipapiaoflahBf dain ol Al bk ReshonaBribel 1 S

novabl e for ‘changing the configuration of thé flexible curvilinear radio-
frequency ant presshéymdwefleciiontmernhet anditie deflention meguating membsiaped 5
menory curvilinear, configuration. 6 The antenpa.apparatus of .claim 2,
further incl uH]CWGE’? f]?)r EW%%%M@QQU[ﬁ@E 0?3!?%{'1‘?4@3&8(‘{?‘&@&%‘1'%@ ating
menber is fl ufdqReRgSiHtehnd bétwdehesiPdi fAguratigiBRd i preLdHapeli! ui d
pressure source. /. "The antenna apparatus of "any of clains 1-6, further

i ncl udi g a defdneary abndineaocorfigvsaiéon. gui de di sposed within the el ongat ed

I dt Lnat i di st al.l f. ' | . , defi

bi of o1 cal o B POl BaaRRayA s of SRR 2 ERs vl e PURUFREEE o S ey ei
the distal pophd g @éfldchion réfiiamel mhbet & Mad Pre_sgui@lwnhincthe@mga_ted
atraumatic ti E 9.@The antenna apparatus of clains 7 or 8, wherein the

defl ectable ¢ pm the flgidi RIeseNeSOECdi stal |y from the distal opening to

define a gwd . T ; € Al in the
gui de | eadcbevr' ﬁgé%g\%{r?gna&h%@tug&f gg#?ﬂ?@ﬁﬁ:g{’ ﬁ&h%{gqpﬁéﬁ%%%f\lﬁgagﬁar at us
of clailtm 9, wbathetar gultle dispabed wittle thenalongatepg@den enditerdinatingdistadiggt h. 20
12. The antenna appar at @{%‘ms /-11 %\géfrei n the defl ectable

f f cl ,
cat heter gui d@fﬁgﬁﬁl&lﬂﬁﬁiﬂgﬁ g%at%ﬁ?iégge _%ﬁﬁ"oé‘?g'? at*ggrgattlaway.ts | engt h.
13. The a”tsen'?ﬂ?aaﬁh@gnr%t a?étu@'?a‘(cl‘éﬁm‘?:,l\'i\)h’é?eiﬁ"tﬁ@dhs‘t‘ﬁ!‘?fcﬁtiéhb’f‘ﬂléﬂef'eCt abl e

cat heter gui'de Turth nprises a pu w re tendon slidably disposed
wi t hi n the catlefi¢cablewnathetenguidefindudesngnta@unatiedicer gui de. 25 14. The

antenna appga}r %gsan efnn%ne}/pp%fratﬁls %if g%ir%é 173dr 8% re?eiirq ‘cllleh %eﬁg&iaBI'ef EatfERrCY

15 guide extends distally from the distal opening to define a guide leader.

10. The antenna apparatus of claim 9, wherein the guide leader has a
manually adjustable length.

11. The antenna apparatus of claim 9, wherein the guide leader has a
predetermined fixed length.

20  12.The antenna apparatus of any of claims 7-11, wherein the deflectable
catheter guide has variable stiffness along at least part of its length.

13. The antenna apparatus of any of claims 7-12, wherein the deflectable
catheter guide further comprises a pull wire tendon slidably disposed
within the catheter lumen for deflecting the catheter guide.

25  14.The antenna apparatus of any of claims 1-13, wherein the radio-frequency
antenna is adaptable to receive and transmit microwave energy at a
frequency greater than 300 Megahertz.

15. A method of ablating biological tissue within the body vessel of a patient,
comprising the steps of:

30 a) providing a shapeable curvilinear radio-frequency antenna
apparatus for ablating biological tissue within the body vessel of a
patient, the shapeable curvilinear radio-frequency antenna
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antenna i s adaptable to receive and transmt mcrowave energy at a
frequency greater than 300 Megahertz. 15. A nethod of abl ating biol ogi cal

ti ssue w wbioa/ostigs body vessel of a patient, conprising treTaiSeps’ssé: 30 a)
providing a shapeabl e curvi 'li near radio-frequency antenna apparatus for
abl ating biological tissue within the body vessel of a patient, the
shapeabl e curvilinear radio-frequency antenna 29 WO 03/ 047448

PCT/ US02/ 37886 appaipphtstus includ ?@ﬂéxnbleeadtlbét@rb fmbmaﬁgo@mstdlfﬂomﬂmg a
di stal portion and an elongated |unmen, inner and outer coaxially aligned

conduct or s ext endi @A ¢lppdatad | l&ﬁ?%éﬂ@@r ahowsaseaialialignede | unen; and a
fl bl h bl th
exi bl e shapea ec%gﬂﬁ‘j#’tblls ndni?§l %g%y an@é}lﬁn |éﬁ"?lv|{h'tﬁg u?mQM, €

distal portion of th eX| ectrica
comruni cati on wi t h andea flexitde sb.wbahlé eumﬂm@ai’ md:mfmqu@mmemca@@a, t he

fl exi bl e shapeabl e, c VI|I r o-fre uenc antenna adaptable to
recei ve“and transmbty%%ﬁﬂ glﬂﬁ‘eﬁ(’?é @ﬁé‘g eéb@%?%'%@'@?@@?bal tissue

and shapeabl e bet V\A%%ﬁmaurﬁéa{t%h%fh Wﬁh%lﬁcﬁ)&@r%@(é} jé?lgﬁlé&\ﬁbhgﬁ'&ﬁo S4i cal

conflguratlon for creating a curv i near at1on

tissue within the tﬂwﬂexrlde§bapedbla cpatilinear radx)—fréqhema/ramtgnndnadap’@bmbl e

curvilinear radio- fre uenc nt enn aratus to a targeted hod ssue
Eradic i 2By

abl ation site withih G ranza! requey ey t@ﬁa{?ﬂ@fpéﬁa

configuration of tlkigsdd &4d Shapeile/ bR a ét?&lgﬁrédrﬂgur%%ﬁ and’y enna from a
straight configuration to a pre-shaped nenory  curvilinear configuration so

that tA@ flexibl e euMiinepneenfigusafios-for ciegtinn eycuaviineanablationdiatiesmin t o t he

{1 exi bl & Shapeabl e el ek wits e BobY Fetoll RBP4 ane. 16, The et hod

of claim 15, \A/nehs)edall\témgsh@sl&a@éﬁolé@UWllinéa@&édlb&’qu@leﬁ(‘:}eQH@hﬁﬁ ant enna
apparatus further includes a pre-shaped deflection nenber carried by the

flexible curvili neépp?@&ﬁ)tofarf@&@ﬁ@Pog)ﬁtt'éma@éﬁ@i gitg withip thakedy a
pre-shaped curvilipgadg BPérBéMer‘&P”f iguration, a deflection regulating

15 c) changing the configuration of the flexible curvilinear radio-frequency
antenna from a straight configuration to a pre-shaped memory
curvilinear configuration so that the flexible curvilinear radio-
frequency antenna is adjacent to the body tissue to be ablated: and

d) ablating the body tissue using the flexible shapeable curvilinear

20 radio-frequency antenna.

16. The method of claim 15, wherein the shapeable curvilinear radio-frequency
antenna apparatus further includes a pre-shaped deflection member
carried by the flexible curvilinear radio-frequency antenna adaptable to take
a pre-shaped curvilinear memory configuration, a deflection regulating

25 member operatively associated with the pre-shaped deflection member for

regulating the deflection of said pre-shaped deflection member, and

changing the configuration of the flexible curvilinear radio-frequency

antenna includes controlling at least one of the pre-shaped deflection

member and the deflection regulating member to change the configuration
30 of the flexible curvilinear radio-frequency antenna from a straight

configuration to a pre-shaped memory curvilinear configuration so that the

30



25 nmenber operatively associated with the pre-shaped deflection nenber for
regul ating the deflection of said pre-shaped defl ection nenber, and

changi ng wbe3oenfis gurati on of the flexible curvilinear ra@CaAfSOZsIS8AOICY
antenna includes controlling at | east one of the pre-shaped deflection
menber and the deflection regulating nenber to change the configuration 30
of the flexible curvilinear radio-frequency antenna froma straight

confi gurati on flegible pureilinbapadiosfeaguencyemiénrianieaidjauent ioghediodgtissge tdat t he
30 WO 03/047448 PgI%bJSOZ/ 37886 flexible curvilinear radio-frequency antenna
I s adj acent t & dy tissue to be ablated. 17. The net hod of claim 16,

wher ei n theﬁ"‘l%esrlﬂéﬂ% gﬁﬁélﬁf?%g}og | SRiPske ﬁr% sﬁ%pleﬂlo%‘ﬁ%ﬁc%j bl spi ne

made of a shape-nenory ongl t'u spose he "el ongat ed
| umen. 18. Thelongated, ﬂn‘xmjdaspme méderofiﬂshapteamembry b&oyiahdect ion regul ating

nmenber s an,ela ted, .rigid. on dinally adjacent to the
pre- shaéed dé‘?fr%@@aﬁ'yrﬁé#t?%?g"ﬁ%ﬂ%s%%ﬁéi g I'Tume% 119 The met hod of any
of clains 1@%%@@&&@%% bi 19, Bhelef?fHe d?ﬂff%cﬁ% Fé@%Jatﬂag rﬁéﬁméPaped

defl ecti on nmenber and the defl ection regulatin I nc es noving at
| east one of ishan glangateshdgiddoember iamgltudlmaﬂay adjademtrtethejpfd shagiedn

regul ating ne ch the c uration of the flexible
curvilinear g%ﬁ%"‘l‘f‘é&ﬁ%ﬁ@@'“n‘ﬁ?eeﬁ% ?%h‘ﬁ]& E'Lt r ai ght configuration to a pre-
shaped nmenmoty, Thenhiedivdasfiny. of hird 16Che, waémﬁic@rﬁtralirfy &Beddt o difhe f ur t her
including a fluid pressure source and the deflection regul ati ng nenber is

f1uid JPessur erewshaped deflectipp mprmber and therdeflestion rrgulatingdnembes ur e sgur (r:]e
d troll t t
ot 1 eoti on r el des fB3ha 28Rt ohd b MleirehaNEd dRfiocttrl aMoBE AR i 11

fluid pressur eleﬂemtmntr‘egulhtmg themnissrsfor ehalyisgtheceorifigueition @f thefiexible
configuration of .the flle| ble curvili ne%8 radi o-frequency. antenna from a

strai ght conf CHUIREARFR %frﬁqﬁ‘?'@\’sﬁ‘ﬂﬁ@éﬁ Ve §tra'85h$9"§'ﬂﬂéﬁtioﬂﬁ° aqre- The

met hod of anyggfp @dﬁ;{é}lﬁorg@ba fyurdhis.ei n the shapeabl e curvilinear
radi o-frequency antenna apparatus includes a deflectable catheter guide

20. The method of claims 16 or 17, further including a fluid pressure source and
the deflection regulating member is fluid pressure within the elongated
lumen from the fluid pressure source, and controlling at least one of the pre-
shaped deflection member and the deflection regulating member includes
supplying the elongated lumen with fluid pressure from the fluid pressure

20 source to change the configuration of the flexible curvilinear radio-frequency
antenna from a straight configuration to a pre-shaped memory
configuration.

21.The method of any of claims 16-20, wherein the shapeable curvilinear
radio-frequency antenna apparatus includes a deflectable catheter guide

25 disposed within the elongated lumen, the catheter guide including a distal
end; and the method further including positioning the radio-frequency
antenna of the catheter adjacent to the body tissue to be ablated by
anchoring the distal end of the catheter guide in the body vessel and

rdeflecting the catheter guide so that the radio-frequency antenna of the

30 catheter is adjacent to the body tissue to be ablated.

22. The method of claim 21, wherein the distal portion of the deflectable
catheter guide includes an atraumatic tip, and anchoring the distal end of
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25 di sposed within the el ongated |unmen, the catheter guide including a
distal end; and the nethod further including positioning the

radi o- f r eq0@Oy744@nt enna of the catheter adjacent to the [pPadUSH2/3®ee to be
abl ated by anchoring the distal end of the catheter guide in the body
vessel and deflecting the catheter guide so that the radio-frequency
antenna of the 30 catheter is adjacent to the body tissue to be abl ated.

22. The met hodhetathetdrguide inthe bety vessel thchidds drhbting th atrdemaid tigct abl e
cat heter guide includes an atraumatic tip, and anchoring the distal end of

31 WD 03/ 04744% thegathstsy guideds theneodwyessedr guide in the body vessel

i ncl udes an i k C  tHiop : i i,n: £ he body
vessel . 23. Q@fﬁzh%g}%ﬁgd gf El%thglgrér:ls%ig zbwh%g?lh\?\/ﬁ%(ra%ﬁ%&%ﬁ% %#‘?@Epgb e cat heter
gui de ext endextérdsadisialli from an epcddfdhe chthetart bhedyeto dedite 4 guidefléa@eral gui de
I I [ h h [ i ncl fl [ t t

the oul G | oqichdetBEingThe GRinsIBLOBHo RS SRCHE0 BLlops! RN n ( he.
defl ectabl e cadfipter guide further conprises a pull wire tendon slidably

di sposed within the elongated |umen, and deflecting the catheter guide
i ncl udes us2hglhénmeidd oflanywefrataimeritie?s twhereisthet deflectatiie tethetpri glddé o

deflect. 25. Th t hod . of f ¢l aij -24, wherein, th i de | ead
has o mranual TRET SonarTs 4 Bl pire TBRAOR SOdafly HiRPoRRT RSN et udes. rmnual |y
adj usting t he digrytéd mméﬁ,gam&léchﬁ (S célg:élf_ég gu%fihéeaéélasihéﬁnéﬁ&met er

guide. 15 26. The nethod of any of clains wherein the gui de | eader
has a 16 edet &¥iFg teadon it eausedhgcatheter guite tovdefienll of any of clains 15-26,

e e SR TP B AR 108, SHRRI ol Be R e L e

manually adjustable length, and the method further includes manually
adjusting the length of the guide leader before deflecting the catheter
guide.

15 26.The method of any of claims 21-24, wherein the guide leader has a
predetermined fixed length.

27.The method of any of claims 15-26, wherein the radio-frequency antenna

is adaptable to receive and transmit microwave energy at a frequency
greater than 300 Megahertz.

20
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