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m crowave powered nedi cal apparatus and abl ati on of biological tissues,
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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 bewouwshaismed and regul ar heart rhythmis restored. PEHIESOZBE788¢ 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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required. At)rotcgijﬁrejsc%a % s mtpﬁ \}dl\?es}é%lé]%nﬂjeqﬁt royed by resistive heating

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 damagi ng
portions of the atriumwhere ablation is not desired. As a result,

pl acenmentwofospm4gat het er based RF abl ati on cannot be ef PCTIESN2/B1886
acconpl i shed, and prol onged procedure tinme, in excess of 12 hours, can be
expected. Further, during the procedure, x-ray 5 or other irradiating neans
are routinely enployed for locating and positioning the catheter-antenna,
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antenna has,_t 05|t| ned. and anchored precisely at the next spot
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abl ati on p%ékeﬂsaﬁtgﬁﬁé ?E%\ﬁ%ﬁl&@ﬁi’ﬁeaﬁg f&lgtzs%she%‘?étfg gly, effective

treatnments for atrial ation wth ter ~ablation will require the
creati dR of[0BbngTemininkze thepiisigol slippageofor exariplé, iedl.S. RbteattiNg | esi ons on
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cat heter-based ablation of atrial fib | ation 1s the a |tyto stabilize

and anchor While thig design regucesi tbe&halvlmooobcnftamﬁana nscdﬁhelte‘reﬁrdennal chanbers.

cat hoter - anuPpra syifia 245h BREFRERbt efes PR Pl e dnstngRg ety

capabl ¢50f tprsedurs pecisengacsmentesi tABRInIGNN4 alBAY tHE d&@.r@@ BBidtioRgsith abl at i on
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cat het er - b4SE83 lefign stais ¢ Bt edter sach @biationrstep.i thezantenna Bas to be
re-positioned and anchored precisely at the next spot which must be located

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 W0,0380Q0@08 di scl ose a radi o- frequency or m cr onwaPeTArser/ggsbased
catheter for ablating biological tissues wthin the body vessel of a
patient. The catheter has a proximal portion, a 5 distal portion with a

di stal opening and a | unen extending fromthe proximal portion to the

di stal portjon.  JThe t er. a heke i de t hat
s acat edlhik nihSt RERHEIE e O BRR S rebu BT 28506 Bd ESCha O, on
of the cat bppRtatiin S8alaNel, 09M 591058 filet Maceprisbrplor, 2000, distiesdiangdio-
proximally wthin the catheter |unmen to be coupled to Mos_it'onin 10

mechani sm fIRGSRHAY OF Bprovayeanesgebased rathelerer ablaging piOIPEICBHURSUPE | s
depl bl | ' Al , which
" oot or MUHE e bof feselor SRETLAD The LAMCRE R S hrddmapbetipn 477, 10, ©
gUi dg Bar wigtal pdrtion atithed el(rjstarld'dpbnmg{j@m al-ltﬁnneqLea«hmd. i?g fmfmﬁm/pme(inmle_rrﬁy

ased antenna incorporated at the distal .portion of the catheter e
antenna 15 Pioﬁhiﬂﬂj%@egﬂ'ﬁf@i P@@'Pnch{]h!e,cﬂ‘?@ﬁ' Bﬂﬁ?ﬁ?ﬁa@%?%@ﬁ%ﬁ%@?@ gui de
passing tg;{ugﬂé?{g]g:t E)s_ Io%é?e]d Wilin &ﬁé’b&tg&‘&lﬁﬂu art] isettardStdiaRiigE| t o receive

and irradi requency ener the m crowave range at a frequency
typi cal | y goetidreof thehaaih&@0 atveombed t witlh K pthian endepartier extemdinget i ¢ spect rum

for ablating 20 hiol.pogigcal tissue along,a biological | ation pat hway.
SUMVARY OF p%ﬂﬂ"ﬁﬂwﬁf\#\%@)&l‘? ‘iaoii‘e%ﬁ@'@ﬁ? ﬁgpgrcodylpllqcﬂ %nggﬂ{%gnvent i on
provi des fyrddpnigRnAsBARRES ad2tdgabiihescdthetehguiit iSehatit iescri bed in
U S. Patent No. 6,190,382 and U.S. 5 patent@%&})@l cation Serial No.

09/ 459, 058 dephaysble heyovttherdistahppenipgfithe ca odemaadoop.highds a
h bl t i - ] ,
S endon-typoonf e FLRRME RRE R B 608Futsel; ThieCalictor GlitS

def | ecti oncagiigeine¢athsi@r Mathi Prddid-frequehcy benmiaoheverenergynbasszhsors f or
nonitoring different paranmeters during, abl ation. hg’gﬁf[ i_%%aﬁ'l;{%e shapeabl e

antenna of ankRN semoraiadaAthe Aisial RAIECR 6F s Y B body
] 55uq5aNGn didd Db HeRHEPLIIY whith! tofnhB&teR3hE caltfiér giléie pBSMG! | near
abl ation | esions on the 1nher surface of the atrium ese lesions 4
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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WO 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 xR higlogiesl Hissuepnsl ishgpeahle betwern amiraiha penfiiuetioaantn a
1 oo LB A AT e bR SR Dk iAThaPeL 2
of a pati ertissue 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;
5



5 WD 03/047448 PCT/ US02/ 37886 delivering the shapeabl e curvilinear

radi o-frequency antenna apparatus to a targeted body tissue ablation site
wi t hi n t woloay7seessel of a patient; changing the confi gecattison3siet he
flexible curvilinear radio-frequency antenna froma straight configuration
to a pre-shaped nenory curvilinear configuration so that 5 the flexible
curvilinear radio-frequency antenna is adjacent to the body tissue to be

abl at ed; angdelpeling twegshér@ébwyuwulmeratﬁem@gué@cyéméhﬁé PEQ@W@'@

curvilinear radio-frequency antenna urther objects and advant ages
wi |l be appi@rgsied bgdy Hesie ailatioregite WIthﬁéhe bpdy ¥eses] oéa ralieetchanging

For th bel overeigiTa B HTRRHE LRy e ReRl G e OB 175 &, o
si de- el evat straight conéigeratibn fo Ripreshapéd menadrpeugvilingan ebufiguratioh Satdte with

an enbodi ment of steering nmechanismfor steering 15 a shapeabl e antenna
appar at &% ofef I%Ibiq @éréwﬂearrr@ém—fr@%uer[cy@]ntw@ss aﬂm@natozihed}o@y tissueto

si de-el evalyo0iat, 8 Plaifighe BBLRHLAR ﬁé’?}ﬁgﬂﬂ{eefex%l?(‘sh'ég%éﬂe%uﬂfﬁ[hgzgﬁ wi th
an alternative e I men st e rrng eerin apeabl e
ant enna appmdminequffncylwt@'rment |nvent|on [20] FIGS. 3A and SB are

side-sectio of a ment of 20 sha eabl e ant enna appar at us
of the pres@%h nk'/%ﬁﬁr ﬁag?i 4"%“5%93‘@ m%ﬁﬂ%’? tgﬁﬁeék'ﬁﬁaﬂb&e
configurati é’r"ﬂaft&?é]re\ﬁé\%f tﬁé"d?é\ﬂm@@ ﬁﬁh@'&%lméwghoﬁ 'Oﬂl‘% ;ﬁrfefé}%d
alternative enbodi nent of a shap&abl e antenna apparatus of the present

i nvent i16n |em§odmerlﬁ$gatfocﬂarhelg\m ation and a shaped configuration. 25 [22]
FI GS. 5A and 5B are side-sectional views of another enbodi ment of a
shapeabl e ant enna apparatus of the present invention in a straight

confi gur at i BRIEMOESCRIATMON-OFf THERRAWINGS3] FI GS. 6A and 6B are
si de- sectlonal views of a further enbodinent of a shapeabl e antenna

appar at us dfl8] heF e sléhand A Bere sideelevationalyigws ofa %Bﬁbiajl@ﬂéﬁtweénd a
shaped confi, gy #Randi® Wifh 87/ cNStIRehEdf &seligGR8chanism for steering

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.



[24] FIGS. 7A-7C are alternative enbodi nents of the pre-shaped deflection

menber and the defl ection regul ati ng nenber of the enbodinents of the

shapeabl ewerBomnas apparatus illustrated in FIGS. 5A B and PeAUB02/BB8G FIG 8

is a side-elevational view of a RF ablation catheter including a 5

shapeabl e antenna apparatus constructed in accordance w th anot her

enbodi nent of the present invention. [26] FIGS. 9A and 9B are

si de-secti dad] VFSS. TA-7Craredimpeathlecermbbdinfents apihey gricushapiedt he RF abl ati on

catheter illustrated ipn FIG 8. %’%%‘PFIG 10 is a gers ective view of a

r adi o- f reqﬁf&ﬁt'eﬁm@"ﬂ@?r g fhe deflerdiondegdlpling sirmiercelthggrakediments i es

according t bIEE M | h@Ng Al I 11A is a

partial si d(se)f t@%éﬁ?@%éﬁ)l Vi e(\a/vmi) é?ﬁ%rag{fiﬁg%}a&%w&gﬁnégf Sé\thélurj E@lc’%-f requency

cat het er of[25] G FID &isch sitléetevadioeal viewesflzoRFratidtionf cathetbefinatadiaglee

cat het er. gui,de. 9] FIG 11 Bis a cross-sectional viewtaken al ong

lines 17 %sj‘@p&a%% %i%tek'i@ apparays CﬁmﬁfUCﬂg@ AGCdaneR WIth &NOtRTal vi ew t aken

al ong | i neserhbolindeht of He Er'e@?nt ﬂ;,q,eﬁﬂcc,{[ 31] FIG 12A is a partial elevational
0

vi ew of anot her enbodi nent a 20 deflectable catheter guide where the
cat het er gUkBk &S Slaand AB areisidmsecindl yigwseof the Zhapeableldtensa a parti al

top view of_the sa i it _of . the . deflecta atheter guide of FIG
12A. [33] ﬁ@ari@@r&ﬁ%i%r%@gﬂ%%ﬁh&tn]er\)Wéﬁfaﬁﬁ‘ighp Lﬁ?-ciﬁg i nes 12C-12C of
FIG 25 13B7] [ 35.A0Gs a Fﬁéct@eﬁﬁé\ﬁ%f%q‘éﬁidlﬂeé{ﬂléﬂwytc%fﬁé‘teﬁb\ﬁmg l'ines
12D-12D of FIG 12B. [35] FIG 13 is a partial elevational view of the
def | ecfl@bl deflectalie ang stefsingfcapabiiities Zecardipg tean wmbsdimeant ofithe of a di st al

portion of rggeﬁﬂﬂ'gﬁtwnequency 30 catheter of FIG 10. [36] FIG 14 is a
partial el ronal "view of the distal portion of the radio- frequency

cat het er of[28] GFIG3 11MA ia adedrtiakcdidd seotidray vieat bbime distal portion of the
radio-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



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

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 portion of the radio- frequency catheter

|| lustratedg7m FF&. ’ﬂ@isaéléaﬁlwmetéé%tigﬁél!\ﬁé\h%maﬁ SARIrAAtR emBEliftentidin a

gui de | eader extending distally of the distal portion of the radio-
frequency cadigdalportion of 3gpdipHgsiuerex cathieter Bndsbowstamembedideiitefiaons of a

Cadt ot r equisispraBR REEr BB BREBIABE e U B BN BRar | ¢ depi cti ons
of a cl ockwisistartion aneba pLlwreashtbs extehdir ARk Sliwieh oPpetficxiblel a

radi o-frequency catheter including a pull wre to assist in shaping the
di stal pPort$RIAE- 15 [41] FIG 19 is a partial side sectional view of an

enbodi ment f%fS a Ersli £ idf ggH%!l%%{lgﬁ@édb%tfﬁ{e &g@@g@@ﬁéﬂtﬂe%dﬁ@odi ment of a

def | ect abl e cat heter ~ gui to a s for "defl ection and

st eeri ng of fredpeenbystathetep diiustratedah RiGe 16aidostovesitrendsflectdblecathetéd2] Fl G
20A is a partial top vi of anaot her epbodi t of a deflectable 20

cat het er guglﬂgeW'{rhg@iuﬂfe\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
catheter guide of 'FIG 20A. [44] FIG 20Cis a cross-sectional view of the
def | ect18bl 304t helG@S. HiA aeddi7B #eGcheoraticalapictidnsaf d ¢cloelsnvizgé @ndC of FI G

20A. 25 DETAI LED CRI PTI OF PREFERRED ENBODI S [45 yth reference
fo 1 Go. TACHTISTERERASS Bl ohahes S pOIaRoh & T aTTegHonEh eREE 100
i ncl udi ng g49hapers &18M bAENBBARRAcheHfatit b GbTS ofd G6ckwise 3 dance with
an enbodi nent of the present invention is shown. The 30 catheter 100 is

adapt abl e feuNteraalvMase PrR-8hapashdipta) elian offa fradie-diequancy calBetarhapeabl e
SLere aenBE R S 4R f SIS ERAETL 0h el Ve
15 [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
20 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. |
25
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
30 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



8 WD 03/047448 PCT/ US02/ 37886 first be described before describing the
shapeabl e antenna apparatus of the present invention. [46] The catheter
100 has awDloawitake el ongated tubul ar body 120 with a proPCraiSopsssé on 130
and a distal portion 140. One or nore intracavity 5 lunens 150 (FIGS. 3A
3B) extend fromthe proximl portion 130 of the catheter 100 to the distal
portion 140. Located at the proximal portion 130 of the catheter 100 is a
handl e chasfifst bd@estaAbed Befdre HceAAG Ae SRABEAHI6 Gindétha asarbtuRbitEe
controls, as will be described in further details below 1ncorporated at a
proxi mal enBrepgot tiveptien.cat heter 100 is a coupling 170 for 10 connecti ng

t he cat hete 00 I generator

and control 6& (EF&EQ Cgﬁ?etgﬁ1@@@%&@?‘“8?"&9@%’0@%%@ﬁ%@w [47] The

di mensi ons pfoximahedrtion 130 s#icea aibgitpitiens 1409 Oneedr neré iittacabigy parti cul ar
rocedure, which are well known in the nedical art. In a preferred

di |
anbodi meht NS ka6 d1IGS. o 38 axens Femdhe arexim osion 138 gbhe1s however
h h h
the cathet eéati]l'ng% o0, §h& afﬁorﬂ%;}hge‘%t%ﬁfeot Hﬁé Cﬁ?&x@‘?ﬂéo c?%g f The

t ubul ar body e cathet'er enera a° poI ymer
naterial thtie ¢éathéleo-100rpathidrioe mhaésilmw@lfr)rhmi;smgaaeeéswwsreenngmd

Exanpl es of se mate s in but lLimtation, Pebax
from Aut ocﬂ%?f?iypﬁé’ﬁﬂ){ro o??é’Y'ﬁb C”*?ﬁﬂ 5\g§¥a'lﬁ&e§%‘§t er, polyim de
and 20 pol ygghH rat@dé’t a/?fdsa.rﬂgléwn@%fﬂfe éﬁﬁé@?q@otlga g%#o%ﬂ
elasticity. | The catheter 100 nay be fornmed wt

segnment ) us@@@ecang the catheternt0Q tacond or mmeim@@lm«:\eceasscrsasa Rfﬁat t he

cat heter bo v.el refle b rd its |stal end.
The segmntggﬁép%edn% cg({rﬁ%&l%f @&étﬁbﬁ}"’"&? TR P#@'gn%?\q%on B[p[cp P& nt, or
adhesi ve bojadi ngTh&dahdhgiong of eathefedrioengatadzapied bs Peddiratiieslit Bet he
circunferential surface of tubular _ body 120 to attain the desirable |evel

of stiffnesRattifdlaf Hrediea Aroeedwrrpgwhich@re wallknaymi the medicaliit.sira@l ows t he
h f
cat het er anpgrefé)rr@&iéﬁ'[ﬁ%‘a rﬁ?ﬁtuﬁeét‘h@ & 10015 ?1%8{3 ﬁ{% ré‘Bllé%g %ﬁ;‘dﬁ S? ﬁ§ ' a

patient, ena rans er alon e ’'cat heter
fromt s prlmmuemér tmrd:atbetard ODhBaylbetLBbdporablla:te OtiRér 15/985; of\bbdly tisdier.ence

addi tional I.}z I %&A%g f&g{eﬁ?g' St?.| portion 140 of  catheter body 120
may i ncl udel B8 L{%rr P MRYPS Aengradyicraptructed of a
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



portion 130, with little or no braiding, to provide the desired flexibility
to 9 WO 03/047448 PCT/ US02/ 37886 acconmmopdate di stal defl ection and shapi ng
of the shapa@abim4saant enna apparatus 110. Defl ection and sirapiusg2/afsée he
shapeabl e antenna apparatus 110 may be inpl enented through the use of a
pre-shaped deflection nmenber 180 and a deflection regul ati ng menber 190.
The pre-shaped 5 defl ection nenber 180 and/or the deflection regul ating

nmb 190 ] | | I ti
Ta0 of i ne2toy iRt sl ARRARMARASAAANAT the SRBbeL oRLehR T ber 160
and/ or theagphlated 1th Deéigdfict ang shmapingrof 190 shageatse @ntsnnaaap@araw ened to
ol dabl y oAdageay ae Srpmented irolgh tef vsRer RtaRpRASEtSh, Axial |
movenent Ofndrifed {4t bidihiogith rédRithd Aenfieralocs| te piaskadsr enabl es a

physi ci an shape or deflect the ™ shapeabl e antenna apparatus 110 between
a st raifht defledtiopgumemiben 18BIaBd/dishe dafigctionl efgudatingimestgicl®0ovayi gur at i on

(FIG 1 B), or an onfiguyration. 1 er ebet WA P AN ture
mechani sm Fﬁﬁndgme hﬁsglﬁecthaisﬁl‘?‘o {g’atthgci]e'?t\é}[e'?ﬂzloﬁﬂtfr?b&;thg%%ld‘fg%pt 0
mai ntai n tRgggriup position in the axial slot. Many such neans are
commerci al ly avail abl e. Exanpl es of such neans include set-release,

pressure sy#@lchToe pseishaped kiefigchiere mamkers1 80 #nd/orthegleflectigRnd 2B i1 ustrate
a RF abl ati t het L., | : ' 100
descri beg g%v%t?ngoﬁ\teﬁ%e%#%gﬁﬁgy tbg%'lg 'lr{'/égﬁle%tg&%gréénl? eg%:bf?cgh ggﬁtrtgtg?{pon

cont r o{ 0 Meh EirAEsRED200 (F S Ad B)r whighirmay beglitdalely engiagatilatongaat enna
apparatus 110. The deflection caontral mechani sm 220 i ncl ?aetzg@

rot at abl e @ial glot Qﬁtb‘ethﬁi”tm%PF'%%FH?éﬁ@nﬁ)ﬁ?'lrﬂ}o‘é‘im?%w&ggé*ﬁwngss' Btitabl y
coupl ed tOTaf’cirE;Ztrﬂgla‘?(ieﬁ EFHt,ttg%égﬁ?fe%‘?eé“ﬁgﬂggcféhafé%h%péféﬂ defle6Other ol axi al 25

novenment o pre-shape ection r 180 and/or the deflection
regul at i ng shepéatle B9Gennthapparatlise thhebvesnls otraight honfiguration &ri§. 4#) on

movenent ofndidetEsief spered P gt ERDCH L 8 A aPorOv et et i on
e hana & P e or "Uei et L he. shapeabl o
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

10



antenna apparatus 110 between a straight configuration (FIG 2A) and a 10
WO 03/047448 PCT/ US02/ 37886 defl ected, shaped configuration (FIG 2B), or
any confiworaviam therebetween. [52] Wth reference to FIPGBUSBZ3mBe 3B, an
enbodi mrent of the shapeable antenna apparatus 110 will now be described in
nore detail. The distal 5 portion of the catheter body 140 includes a RF
antenna 250 having a flexible, helically coiled RF radiating antenna

el ement 25%efﬂebtela0§bi 5é&§bnnqa}§éﬁéﬁ il ¥ G.12B), & 49PESTRJFAddrYe enbodi nent, the

RF ant enna 250 I ncl u es an ctri conductive material or wire strl p
that is wolnerebetwedrel i cal fashion to for ma helical coil w nding. The

appropri at a itc th t he coi j [ th
sgloec!toi on i?éi]t gﬁ’&?ﬁﬁﬁfﬁg‘m“\? Oﬁggr%?? ﬁ’%% A8 egnpg%m&& %nsg%pggg d:si gn
choi ce, \Ahleﬁa*fem«?élay@énét@scpm HiNgow Bet descriped iing Hare d@mpenw distaind
flexibility requirements. [53] The RF antenna 250 is adapted to receive and

r adi at €5 elp@(lfitl@m)ﬁfa’@\@e@atbet@hbﬂ@y1ﬂpdm|ud%%ar|%“éaafenﬂé(ﬂ59- havdegiardlexikieer gy

(not 15 sh A fr ylsthat
of the %é‘@%&?fe@?gpﬁ%@gﬁﬁéh pl cléﬁ%ﬁé ove % #ﬂé@fz ant enna
250 is cawaﬂ@d pPesdntaie ¥mbodisndrs! ammaldr&emn"a 250 incjudbissdn eleetrivdlly

el ectromagnetic field energy al on%@t he RF antenna, 25

i ndependentcopguttive mr@éprwmen ﬁésﬂp%ﬁt'ﬁr%l%?@@b%éhﬂ) BofrT‘@sue to be
abl at ed. T'h%négl EiREbHT gﬂfé% beb dibanss E}EHS‘h BRI Bbfy normal

to the longitudinal ~axrs antenna 2 refore producing a
uni f or M0 enavigglingl, ahd the selealiay bgltrmbmnndm:hvje hmiedad)rlywet hmpm?eant enna 250.

[ 54] The RF an el ectrical .cont

el ectrical '"E%Wdrl}n ‘%S&@%IEP'XW%HR CANVEY 2REQFImg @atgﬁtﬂam%l?rypr%ﬁ%'i"@d to a
25 source qndﬁem%%qw}lg}ﬁeﬁ@e or nore electrical conductors 260 may, for
exanpl e, but not_by way of limtation, be nmade of a flexible mesh or

brai ded wi[3H C'HI%RFLarttGBm‘m 250 isvadapted ta recaive and radiptect ri cal |y conduct i ve
e b S ey FolEb bR P R B i " o
the 0n¢50r sﬁ@;v\m)r Arcoxisle of suablepeicauabbiradiccirageertlyds dedted the oaxi al |
cireunter er;nllc?ctvlvgve 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

11



al i gned inner conductor 640 and outer conductor 660. The inner conductor

11 WD 03/047448 PCT/ US02/ 37886 640 nmay include or circunferentially
surround womeaxi4a8 sl eeve 630. An inner surface of the slpeEmsos3Bsdefi nes
the lumen 150. [55] The RF antenna 250 and the one or nore electrical
conductors 260 nay be coated with a polyneric dielectric encapsul ant,
coating, or layer 5 along their length to ensure their structural

Integrity, gh@ npéaplhﬁﬁfdeté"lec l%%ﬁﬁeﬁernﬂmly §Lﬁ\¢o@id3b%la§<fa|l sRRVE BBOIMH innkp | sol ate
el ectrical conponents c!l confine the electro-magnetic field to
out si de ofsmnf@cehfanheadjée/eaﬁﬁfédaﬁneampdumaﬂﬁﬂo The encapsul ant, coating,

pol ymr - ball rATerAceneZakane i Aot i rrhidoriage o,

regul ati ngnf%’]iﬁ%oét%@ VARY a R vinsitedib e ctritaéndafp st @cbatm‘gl, bhlaged slidably
nount ed over "the pre-shaped defl ection nmenber 180. The defl ection
regul ath ngalmgttben iowth rt@fe@swfﬂ theis srugtural iptagaiy do pé@teﬁt @ﬁtsam%ﬁeﬁhr

conflgurat on_.a terial. The
defl ection heeﬁlﬁfégfqrﬁénw%"@%ﬁ% 's%é@!a%ié%ﬁ%é}sﬁ?@@et 0'a eS| r d 15
confi gur at be¥ind ﬁfé] eldbophggrictiafiett weduteidel ofrthmh‘apeaﬁla(hmmmabe an
el ongated, flexible wre or spine that is pre- shgg d to a kﬁﬁ%f

conf i gur at Bpparafyse b@eT§ﬁaﬁf€@P3@ém &egting rdavermagderagd %8

metallic Jarstyals p%%

mat eri al S;Tma%h%%}#%ﬁla% sr'r':'a er@cﬁyrngl\r“b%s%%g‘%‘t ro#.rgél}é&éb&g“r ee g%s nmenory,

bi o- conpat [88]! | Thie defidction re;gilzhtln@rnemhmﬂ@ﬂahay ;be@elneatbﬁhatﬁaanpme!; of such
mat eri al s 1 ncl ude,

under the Wt Bcﬁﬂ%'l&gﬁ? % F\%’P?gd %‘f%ltWF RESS nb?%%q’ 883%?®i'§fﬁl§'§lg1b 5h§8| R o0l ¢
pol ytet raf yup gd ‘%ﬂ%\tﬁwgplﬁgﬁbbr1%b%f‘eféblyﬂb§rdn3éléng'§t@d stpdlghad so be  heat

treated or co necessary to provi de the desi r apl e structural 25
propert i estumlamcaﬁlgyraﬁdmmnmycba‘ magelsifla plasticar pefaldiexibig matedalon 270 or

the entir r eddflectlo e Y, nE=Seg or made of a
pre-shaped%ét@ﬂsﬁﬁeg %tI’ %P’& g@'ﬁ'ﬁ%@% FSﬁ‘@’ss%g’agl gs pre- ghapl ng of

the defs eckhpfigurai®sr 180 or deflectlon regul ating nenber 190 to conform

t he shapeabl e antenna apparatus 110 to the desired |inear or ﬁ Vilinear 30
profile, tiAd, Mheipretshaped defiertien mesmsrgldOmaybeap clongaiade iEXiBie t he

shapeabl e

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.
12



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

t he shapeablog/oegmsenna apparatus 110 illustrated in FIGS. PBAUSBB3788he shape
of the shapeabl e antenna apparatus 110 is prescribed by the pre-shaped

defl ection nmenber 180 by sliding the pre- shaped defl ection nmenber 180
distally out of the deflection regulating 5 nenber 190 (via the deflection

contr ol g&,ﬁgmm BBdlras tﬁﬁ%ﬁé éab|é%ﬁierﬁﬁdam55@td§ﬂﬁdmn§ﬂﬂatééo [ 59]

Proper shaping an acerrent 0 apeab e antenna apparatus 110 nmay be
ai ded by omeFt(BSnMeSlakulecslmp@cpfdhaahamabl(emtem?a)awparam1‘HMIS by the
ratus 110., W.t h.one or que 10 marks,

hapeabl
he. shapeablescRee PrEie s ehed ARfegueb et ot RGPS o,

fl “OrOSCOp'sﬁagé mgﬂ t'id?ﬂmeh%’érel@o &éﬂll‘l]‘gui Bﬁthbft%’ﬂ'e'cflbﬁ@églﬂﬁtnﬁé its position
during shapi ng an acenent of the shapeabl e ant enna aps)ar atus 110 for

ti ssue abl amérber IM)Iwa theadeflectiom, cartirel Breshanisineak legpassis us 110 may

carry one | nt rac i ac el ectrocardi ogram ("ECG') el ectrodes
(not shomn)mePngﬁgoeiBﬁ 2‘#@ to obtain both optimumtissue proximty and

el ectrical [sondybpdeshegsit ggéhalpﬂ@céwérﬁrcﬂtwéhaééﬁletanm apparhiuen, as wel |
as to obtain feedback of heir actions. These el ectrodes may be secured

al ong t he Idfgnay be aithed by lpagerinerediadineRAGHH BIBEKLSS (mbshw)[@iqledm h

opar at e Sahk SnafanBlhterd BBhaiet TREINIon@ by fhord REEBR BT NN
shapeabpe &ﬁéménthemééblﬁarﬂ%ﬁnasppa@m ﬂtbedbebprrtelsmgacm&ahmd-rdyf | ection
menber 180. However, in this enb q (55 ,?haﬁgg E fl ect. (l)r(])n menber
180 shapes wﬂeowgem@n&ﬁﬁaﬁw ‘E“UE b ifqriifigatin pf £%Pos

conf i gur at 'QS@PB%@F% Sp[ﬁ%bﬁ%htt 'of‘ﬂwet%ﬁ‘a pesbleahtcPRalfparatisng ogpber 190

proxi mal |y portion 2 the pre-shaped defl ection
menber  18QissUd ablatiohows the di stal portion 270 to take the predeterm ned

f Egped esir gé&m:l‘qu] iatga}tlgp, ea'tspetab‘lz"e grr?tgﬁﬁg l%1|p%a|aa §119 agy %a% %%ezo%O to take

15  more intracardiac electrocardlogram (“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

13



30 [62] FIGS. 5A, 5B and FIGS. 6A, 6B illustrate further respective

enbodi nents of a shapeabl e antenna apparatus 290, 300 in a straight

conf i gur awooa/o&nds a shaped configuration. In FIGS. 5A 5Bpcrhsoybdmpeabl e 13
WO 03/ 047448 PCT/ US02/ 37886 antenna apparatus 290 is simlar to the
shapeabl e antenna apparatus 110 described above with respect to FIGS. 3A
3B in that the shapeable antenna apparatus 290 takes a desired

confi gur at i giteBMa HpbdiiGs 290iiS sithilap @b theoBhaddhbis anferiPcasifaare oef | ection
menber 320 axially away and distal of a deflection 5 regul ating nenber 330.

In FIGS. e6Adesmbedaboyhayitnisispeahiodnts. afhathintbat theoshapegbig patenna t he

shapeabl e e F 4A,
3 that SR RRREReL S SRR ORI Sdd iSRRG ba 0
configurati @prélyshabedideme@od\erﬁémb@r@Qorae@any@twaggarﬁwmmal cf40defidotibhy away
and proxi mal of a distal portion 350 o Pre shaped defl ecti on nenber 10
360. [63] Viegylatngdpemeer 8§0FI"G§|G$A6/9‘C6Ba heshapeable @%@Hﬁﬁmaéﬁiﬁédl ment s
of the defl 0, [ i on
renbor 320, S0 TR e o a D ER S R S e 2P0 B RE ale B o

300 of FI GSespéct obrlasd 4F!\I @8 indhat e stra@eablamnteﬂﬁa Bbpardtos BDGtake’s at he

pre-shaped defl ecti 320, 36 a narrow genera| rect angul ar
Cr o5s- abct | SPPIRCATIGUERIORIIAE ke RGO EREUIBHNO e RALIA0 388 340 has a
wi der ge”eré\héY ah8 Preeial 8f a eSS fi6h 380 of'arbr’etgl"%ge‘a’ﬁé?@c%mmerhbér

pre-shaped deflection nmenber 320, 360 and the deflection regulating nenber
330, 340 ar%Q)araI lel with each other and may be |n 20 contact with each

ot her al on r.ikenath, The d def ect rrber 3 60 and/ or
t he deflect ‘é’d‘h rﬁ'&%ﬂ%’gg 3@‘8%20“% erb% e’%ﬂm mmPeﬁmﬁa with a
sl eeve (nOtoﬁhé\Mé)‘lebﬁbrﬁmﬂeﬁlrghﬁErﬁH‘e@ 3def Bﬁ@fahﬂrprefshﬁgeétdeﬂ@cf&nber 330,

340 mai ntains the pre-shaped deflection nenb 60 in a straight

confi gur at i Mk 330360 H@.mewbewdgmtmthecﬁhapeablﬂamtenge apRafAtHg of the
shapeabl e asd £ Y @gﬁé@%—%s 5%981(1 %RQS é&SéB ag? ‘SNE’ t he defl ection

regul ati ng nernber has a generally shaped Cross-section
and t hd5adj[8dgnt IndFIS. FAatesdpreéhamdd deflectionimemBep3206860hhas a rggraval |y

rectangul argecnre?gﬁy rseec%agr:g%rllar érgsé-gectlon 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
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enbodi nent, the pre-shaped defl ection nmenber 320, 360 is slidably received
30 by the deflection regulating nenber 330, 340. [66] In FIG 7C, the

def | ecti oworoagui4ag i ng nenber 330, 340 has a generally curpceds@/sisaped
cross-section and the adjacent pre-shaped deflection 14 WO 03/ 047448

PCT/ US02/ 37886 nenber 320, 360 has a circular cross-section. In this
enbodi nent, the pre- shaped deflection nenber 320, 360 is slidably received

by the def lechiapsonesy fhd g%urEﬁl%?%fos%Sébct%ﬁO ln[t%]enwcsd?mreﬁf eRERFE Lo FIG

8, a RF ablation cat heter 400 including a 5 shapeabl e ant enna apparatus 410
construct eGhaped«:ieﬁethmemhdn RNoBABIs skaaldylresaiedby theedéfiagdiani on wil | be
descri bed. Th abI aé &q:%@eter 400 is simlar to the catheter 100

descri bed él%% FIGS. 1A, 1 B and 2A, 2B, except the shape

of the Shagmb' Q/Vﬁlﬁ‘?&@?@nc@ﬁ@%@t BSa‘ﬁ-lﬂabl%\tloh%étbﬁdo@mwdwgibam ic or
pneumatic fluid pressure instead of the deflection 10 regulatlng menber

190. At5a ;sha&ea’alle antennd apparatus 480 epnstpacted i aegordasee wWith@nethiere used to

connect the C e source
330, In t neTanURTEAL TeHbiR ORI b ostlr HE REGhRN SR 3RS, e
filled wt hs§4rﬁ||d+“t6tK@cﬂtheté?ﬂ'OOrtféscrlbeM@b@Ve with ®lsbecitetFIGES. 1@ghi@li ment s,
the fluid pressure source 430 may be a punp or an alternative, 15 fluid

pressEre Ztﬁmldc?e‘\ 3B sxoppt Wer%'fa@ﬁe‘ifébeéﬂ@p?a@ﬁeﬁnt?nm%apﬂ){@gtu% 58 a
S A ] IR e o B S bt 1

i ntegr#0ed regmatm@merﬁbe:pml At apreximal epnmfmmsamemrmm laaettop keclant enna

apparatus 410 takes 20 the shape of t he ed d flectlon nber 180 as
shown in Fi48 "Qﬂy%eﬂ?@dptpé’oé‘ﬁﬁ %@FA'@H% ﬂ?}' a"i@(f’ W%%aqfﬁ sposed in

the one or 6I”TH ngresggf@@éur%é(l%f Iﬁ'i‘ﬁ’e E%Mﬁén%wrﬁf%emﬁldjﬂ)l‘%@%@d in the

antenna 25 di sposed in the wall of the catheter body 120, or the
cat het er b@@w@%O g spenge Bleshwjib @ fluid (e1gr aaaéyne)aﬂnoweyesha@étgmaélvant enna

e mpar e EREns, e o B TR i 310 sk bt i o aleteBRA < 4G

by theq§l uifgliPprSsUFEsomedr ce 430. For exanple, with a valve of the stop

cock 420 in an open .
[68] ith 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

15



position, the plunger on the syringe fluid pressure source nmay be pressed,
causing fluid fromthe syringe to be injected into the distal portion 140
of the 30woaBletsas body 120. This causes pressure to be eremtsd2/37138¢ he
shapeabl e antenna apparatus 410 generally in the direction of the pressure
arrows shown, straightening the pre-shaped shapeabl e ant enna appar at us
410. The 15 WO 03/047448 PCT/ US02/ 37886 shapeabl e ant enna apparatus 410

may be mai QF@% eiaﬂtérﬂ% é;%%eghﬂf%t 1,049392{? B lrRbihen iﬁhﬁéf\@tréighfl G 9B by

cl osing the ve on t coc that fluid in the catheter body
120 does nobnfeprafien shewnan FéGe8B bydjosing theralve tour thetstiep soclpdzdbe ant enna

10 to | fi i hown in_ 5 FLG h
oo cook b fhiyindGe Gl by 20 B08F b Becdhe thd ealtsiel HEQY el 4 r cosur o
sour ce 430362§u}t?ﬁ ém% gﬁﬁﬁé’é{me ahfring 8fust4™ td thel dd)nffiggratbh%hdw il

portion 14 eter body 120, and the shapeabl ant enna appar at us
410 takes FHe. 3Aaihe walve b the stophegssdi2@ahiy bei epenaskhisad theplungef BE | ui d

pressure i the. shapeable antenna a r S 4 R fedre
function a&q%'%af% H%??%&BPF&%ﬁﬁf@%&w@%@%gﬁﬁ’@%@@g& and the
control of ffiquisnRRe Bfstaspdriioh Ma0 Yl dneshthetaicaly MR ppartht shapéablg. |
t hrough the syringe flui ressure source 430 and the stop . cock 420)

serves as anttehaenpasatusdiitl @kesdhmararsef hegrershapesidatiectiomodi ment, where
th -sh f ti ' | ' f 250, i
i sposed | MRSt ik, e IR TBRadE In gl shandpsiB apfihre ad iiaRRLANG 200, |2

pr e- shaped sefredahé eahicofuncagn laatthe deflectiver regsilatinganenhbier desérioedr egul at i ng
menber 190 nay be sl idably r?fej ved vvitBi n the elqgngated |umen 150 for
regul at i ngaPake.qtd e GURd of flHE RIRSSIES Péh%ﬁif‘%ﬂ?%be%g%ﬂ'ﬁwarﬁws[ 70] The
shapeabl e e ' akbardeperdteseodky20ise. The
cat heter i zgpngﬁﬁ‘@gﬁﬁﬁ%ﬁﬂgﬂ%wﬁ%ﬁ% ?ﬁ?géa body vess(gé)‘lgl of a O’pat I ent
where it i selvesuagha deflectiarheontraxenhapisoh. t ar get tissue for abl ation.

L o B ol B R ARE S 04 SR BudBR BB PR, e
herc 50 uf GRoPE kgL diela 23078 it i piing bt o,
vascul at ur d20pot 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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target ablation site nay be done using a steering assenbly of the catheter,
and/or, steering of the distal portion 140 of the catheter to the target
abl ati on weiose4me8 be performed using the shapeabl e ant enraTaspas®sas and
the 30 deflection control nechani sm descri bed above. Directional control
may be acconplished with the thunb slide 200, the rotatable collar 230, or
by 16 WO 03/047448 PCT/ US02/ 37886 controlling fluid pressure to the

shapeabl eaﬁdg)%grgpiﬁgﬂﬁ?j;g?éggﬁr ® esH’Mg’elee%tBﬁﬁ@'épéQ@tus (g4, Vﬁ{hacenent

shapi ng, apeab antenna apparatus may be
facilitat ecdilyetendéO@r nore rad| 0- opaque markers placed on 5 the distal

i 14 h Th di
o kers mal7Be doresnent shocit apf Geperh &tne HiPaSe B I Mane. as
practiced 'eﬁ;lpta?é’cu@rlﬁa y BE T8 Iltb’ﬂ';%l shalr ptre 'r@d‘loicﬂfthﬁe ﬂhbﬁkeﬁ@btﬁb@fon‘ s

placed wthin the proximty of e tissue ablation site, the shapeable

ant ennab aﬂbadﬂtaisoqmqn Béoslﬁéln%daitf@te{ dési FPCé?(!IIQj'bﬂff’lih@LQDﬁ POMOKS raghy- of t he
10 d d b t
e o e SR aRE s P e Eleo R, Sl X AR T A B RBhEBRRRRR! Mot o

regul ati ng grasheid ifehé et Aﬂmmbmamcﬁn@maormmpaMmstpwm t he shape
of the distal portion of the pre-shaped deflection nenber, retracting the

def | ect i on withiukhe Pieximiyptthe ﬁ'ﬁsé‘ecﬁm%t&ﬂ gie, theghargakle elni’ﬁnrlﬁ stal portion
f 15 th |
Spparat s FRELAORRInERS shobpd T FUEREE RentdRatbRE RS pradage

def | ectiDon dezatibed aboed &arsshaxpmg thecblmpeablermténnmapparaiust(@.g ,portion 140 of
the cathete 0 th the A sha anten ratus ,takes the shape of

t he di st al QYingh p‘leﬁ@arﬂeépgér?ﬁ@ &g%ﬂ ?rh?ﬂ)g‘?ﬁ %?He shapeabl e
antenna appg é‘ltaﬂﬁg hﬁerﬁ@eﬂ?@tr@{ R §Ha;§@aﬂlé‘ané@ﬂar@dba'iaﬁiéec@lkéﬁhé)ﬁ{dﬁw

abl ati on of arge y tissue Al'l'gnnent of antenna 250 with the
t ar get abl affitbs distalgartgn betheuprersirapedi dgadlgctipn metrhleerusgtraﬁtmgﬁbeu nt racardi ac

noar £t he SSEBEOT fo I EeRingy 8 T Bonbl i gimPlBd BB PO o (o

conf or A6t 0 thBPr&-BRLHE deﬂéctm‘n inenbdiiserthar theahapebbldentahna apparatad | ow at
| east a portion of the shapeabl e antenna apparatus to rest upon the atri al

wal |, whi cHakes ts shemwesofithadlistahperéien of the pre-shaped deflection member,
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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between the atrium and the shapeabl e antenna apparatus. The shapeabl e
antenna apparatus is flexible enough to allow at | east a portion of the
shapeabl ewanBenmas apparatus to conformto the internal comCoasops7skody 30
vessel and to rest against its internal wall. As the atrial wall pulsates,
the shapeabl e antenna apparatus, which is in contact with the atrial wall,
will also 17 WD 03/047448 PCT/ US02/ 37886 nove in concert, thereby

achi evi ng fifi ; ' og%gé | lali@sHih Ahqhet he body
vessel V\herﬁgb\’t%rlha%ﬁﬁﬁpqﬁg%@g%@ﬁé%ﬁh??g] cde)améthcﬁ%fer g{cgl sha%elpr o?i l e for
t he shapealcatiantcf tinabagypeesdtal svhehatrebbeantisgigsired. and al i gned i n paral | el

ith the desi bl ati on. pat , h h f th h bl t
Apparat us Wl OGP SRl 58P PeRTe OGS SPPRaBlecHtehar BRBRIT cscur o
SwW tch, Sehfa's!b%%%ﬂ'é%ﬂsﬂ B AiBhefY pBrallc! Wit (Aé veskéd bbRiiBhpRiaeay 420 1o

the of f position ereafter,” tissue ablation can be acconplished with
the apphi céié shaps of thei shapeablecanignea apgaratuDsyriet secwadimpOpdEPRi cul ar

d irements, the length of .t | at j b j usted b
Do 1 oni i ncMiaes Bt ieibase, rong s Bvileh saPIRRInt P8R ALt o1 one
by appl i Ca’cri]é’vélvéfoftﬂﬁ@sﬁﬁ RRRUPY- to the Bff perbrand heesuTidrotissue atiihtion on | i nes

can be easily established to substantially elimnate the risk of

el ectri cal camhe acconeclishgd Wikt theapplipatioreefl fadissfieapeRew@RIoY] 74] The above

may be repeated or fo f ' W) e atriumor
ot her regqi gf@?egpﬁpngﬁgﬁdéﬁgmﬁg@&égéseg%e %ﬁﬁsmggﬁﬁgthgﬁécul ar
procedyge gaplatiohedENbs adjusteld by positiveing by RFdastennptaiang variousstasgetar ent

t hat the shapeabl e antenna apparatus of i&e IQéesent igvent i on allows the
el ect r odes tissugyincakipys fallguwed\by appiigalipas Pt the RE Sk HBESHARY ABYi ti on over
a target ti I | ot ' v liRe applied
fo the tar oMt G aBBcH ek ch BE B BRIl [ o BRtaRall SIRANRS,
reference tloe FSIGEf elt@irichl iBpulse idakagetieddeear ablaiéd tissuaipathwaysquency

but not 11 b 4led T8 RedTAY bin BoSep AT e et P! BOSIRHPIS N Bhe cat et er
ot oot SISRLERBrboiragent como by s et SepentaTRe? 5
520. The 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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defl ectabl e catheter guide 510 may be located in the catheter 500 in
addition to the shapeabl e antenna apparatus descri bed above.

Al t er nat iwelog/o4t4h®e cat heter 500 may i ncl ude the defl ect alpica/usar/bmsser gui de
510, but not the 30 shapeabl e antenna apparatus. A radio-frequency or

m crowave antenna 530 is provided at a distal portion 540 of the catheter
500. The antenna 530 18 WD 03/047448 PCT/ US02/ 37886 receives and transmts

radi o- f r equeRewesry PAAs ARs-Beqliency (mrtewavd) stdrgyforltiéélie The cat heter
gui de 510 prescrl bes the ablation pathway of the antenna 530 for tissue

abl ation. |@pblatie’presentative enbodi nent of the 5 invention, the catheter

aul de S10 | e} u0Pfe CLRAE B LS HAR B BIARRS b R | o oo
def | ecti on, asteara 530, foptissud alaticn.amda Mbeamm/e @ﬁiibddhhent ofiBe A

connection cable 580 extends from a proxi mal end 590 of the catheter
handl e $70 igKantion thacathateguide 5"9&']‘“%‘?&6'@@8?’@9!3%9545 i”?ﬁj 36@0 for 10

coNNect| N {ey6aidel o WubAnaERaAknTBICol ALSHAL R RIdETD otAgs . o

el ectroni c devi ces suc Ut ROt genera or an ECG
system andhedrddyoldssel (dnmieflsumm)steemr@uppﬂtlbnmb arhdedqﬁbwhemncqnﬂuﬂedur e.

79] A cat r positional nt_r extend fro oxi mal end
500 of the 2B hek GorhanimLC85la B0/t Tor 2 Roxmal Shkpo8sbian ough the 15
patient’'s VagRHlcRhah8IPHY Ahd irludedn aldctital %EShﬁéctBPéﬁe lm?%dd‘f%rcat het er

gui de 510. [80] The RF antenna 530 may I nclude an electricalTy conductive
mat eri dl0 orconkectngitih¢ patheter SQO tacanedon moze degraded andior separatd or m a

the coi | wi Aaptighio HRyiceRe sy e PubRIRRE I e MR EatoR Ardtef el or wire.
strip are asystérnean@cof@sllg notsuvia®. in\WppbrtcAthe ablatios peocidiget 0 t he
particul ar rocedure and flexibili ty requi renments. [81] To enhance its

shape i nt edrPly, Acatheter pegitional caBol &1hrayi exdendirem therproxmal endbi ng,
teg? glnglr nlgI ][‘!fé } oﬁbe (%ﬁﬁg ﬁa@gle\l,wgc% g%c%{i?]ﬁabg)&l %H oef\jv%rregé(?ﬂ%ﬁ%h ebgc;lo of the
cat het éi5 5QfhaticBi’'e agchlafuresanddorsor caritesllingg agiatimelventent of thet catheder whi ch
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
19



reduces the likelihood of electrical short between the netallic surfaces of
helical coil 620 and body fluids in the lunen 520, and to hel p confine the
el ect r omeyoaBioe74is el d to t he outside of the |lunmen 520. 30PLgajsoTsmsshel i cal
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

el ectrical coupling 600. The inner conductor 640 is nmade of a flexible nesh

19 WO 03/ %Mfla?dé’&:%léé%r%ﬁ%%ﬁon r rhadé Be4 thintimith sleppicaleEbmiuctioe made of a

thin-filmelectrically conductive material, which circunscribes the outer
surface of nsatedalewdBh @mm@rmghewtﬁnwﬂap? of sigaverz3thand extendsi | 620 to

el ongat ed PLOUTEIY o MethallPbron 20 i HErhayi B, Ah g SIaH®RLE er i nes
the lumen 5atsr dofidlictoR B0 B80S A1 eohfaicsl tobalkedowliglivatiopolAnirnérc
dielectric protective coatin fg or layer 650 along its outer circunferenti al

surface5andvaé|>aféh%l§|eefyﬁ&aon@# qe&tbetlwaenéz& e 570. Dielectric |ayer 650

serves as t r ectrically
ool at ce. R85% it 4005 SRR wilth HoL AR Clele B R ARtEL | Sl s
hel i cal COldoaﬁr?@or Ryep800 steryitsl outee crutieferentialsdriscerarichéxtends ace  of the

dielectric layer 650 and is el ectrl coug% d to outer condugtor 660.

In turn, owrefmalniritiehanyde 979 eq)'@chltrigc/'éy?ﬁ/ @ﬁﬁf"@é Q%alng 8& Aof RF

energy. 13.L&md 8t g%lfehpcoﬁm?%% %Btarﬁl@é‘&ncé’lg} RbIASNHERET @&qu&orrmde of an

el ectricall'y con Ive matertal circunscribing the dielectric |ayer 650,
and ex0endzlOfframthd eutezlcondlciooitlb0620 proximally toward the handl e 570.

The outer e made,of braided wred ¢ or thin
film el ectg‘ﬁca:ﬁ’? 'ﬁaﬁ‘é‘? F@%&fﬁwgpn%?ro%atbgeﬂ terrhgrcprlépfggirﬁt a@%ﬁ"lfé)‘g“zo may be
coat ed Wi t iy @ielBeid Ryl 656 ENGII§ eldhtctily Woaplediothger ESndUHtET660.
circunferential surface'to ensure the structural integri ty of the helical

coi | 620 arilturo, puter conducier 66fris elestricaly coupled 4P dag SOBIPE 9fdHnent . The
encapsul ant |s made of suitable materials such as silicon or pol yner-based
materials &fObber conpounds. 25 [87] Simlarly, an outer jacket 670 nmade

of simibar [88] enn e embollimehicstbvirg 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



encase the helical coil 620 and the outer conductor 660 and to provide

el ectromagnetic and thermal isolation fromthe biological environnent. [88]
Thus, thewoiogiai44porti on 540 of the catheter 500 i ncl udes PaTasn2/31886

el ectrical conductors, each of which is forned in an el ongated tubular 30
configuration and arranged in a substantially coaxially and
circunferentially aligned relationship with each other to forma holl ow

cabl e whi CF @F"ﬁfs cBﬁ r&h@n Rehiwtageols B URRAKE REbUINr éondurtorand] e 570
for the deliv 0 WO 03/047448 PCT/ US02/ 37886 energy. This

c\mf i %ur at Bgﬁ G:]&? Mmﬁnnmebabebmiblmlﬁdhend mrlalncaﬂwrﬁ?@de@ @htenngua30 660
30
Erax: (r:n zga%lﬁéa%@pgé £ ée?/qtcoaléllgr%{ﬁ‘ 06% §ﬁ¢$§écé'%%‘ 8§dcﬁglbj§eqhen '8%% ci ency

of the mm&mmvéléa&rgiﬁchélmw,wm b@erﬁ%a@eﬁgamG@MIrlaﬂneﬁQaXIal | umen
to 5 accommpdat e the catheter guide and/or shapeabl e ant enna appar at us.

Al t houdh t Recommadatihe catbaienguidsagnd/er ghapeatie aptdARRAa%IB0, 660, in an

alternativ nho U r I s, one
or nore of S\%ﬁpﬁﬂﬁﬁm}m‘tn%gokto‘gé@$\’5§%83%ﬁy\fvl1@%%n %0'%66%,6%868. i89] The
cat het er ggiteémabile emmodiaeht nige Iunﬂem&lzbynaiﬁmmmné omridne lurflenst het er 500
within a body vessel and is flexibly confaor le to the cc&néga dof t he

o re

body vessepne/ﬂflr@Wﬁlethq* m%’wtt}%?‘éﬁ‘x'@d’i"gb ePNFUCEPre (94 tissue
abl ati on pﬁééljs an tmﬁerf g&gk'éﬁtﬁﬂ We'iBn egilﬁ?dlh'élfy $pISYsd RbnPe T adi o-

opaque mar ntrac lrac ele tro nount'ed aI ong the catheter
gui de H10. chtheter @O(Imtlmata bedyen@snhlmdtls flekiblyccrrtiemeablg o tee emtomay be 15

f d | at t th t het h d [ | ud
Ll argat oo Pf e ety vsssel AlgbTigm o e gl auid BTH BinHeshstad, Lar g s” "
di stal atrgugmd bﬁ|attlbﬁ phfivay' gcﬂéfa%lilltﬁéa wiftothkl e S8hd@ymbee fficr ed to a

di stal portion of the antenna the distal end of the catheter 500,
so that thepaguamnarkers andpinacaidiac gjesedes mounted apngrihewaiheled. I n an

alternative er t he

cat het er 5§H'Cgogf¢1an?m@ﬁ%rﬁaﬁ‘z%rgﬁ%oq'ri%ghggl—(‘)éé%hg?ﬁsﬁgd%fjgpwa Bef rom t he
end of14 hefigad hslbgve fPPe dadtefBOOL i p 700 is atraumatic to reduce the
potential for perforating a bod vessel. Optionally, the naetéSaO W|tt ic tip

700 is for b2 ofl hlea‘cﬁthﬁt@bgwdé ineluglestan elongated flexible spi
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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25 support identification of the |ocation of the antenna 530 during

adm nistration of the ablation procedure. [92] The spine 680 is made of
one or nowe ospuismgy-1i ke flexible materials. By way of ex®&cpluss/3i886 one
enbodi ment of the invention, the spine 680 is nade of stainless steel. In
anot her enbodi rent of the present invention, the 30 spine 680 is
constructed of a plurality of el ongated nenbers having pre- defined

di mensi ons gg)d jiQiaRefiditoriaP EMbddinEitdNthE @gine G8E the didtarmdndoesitioan  of , t he
spine 680 nay be secured to the slide control nmechani sm560. 21 WO

03/ 047448 BEV/afishe sRIrEsBR0 Mag]be moss flexibiet thanaemainiag pagianssHf theée spi ne

680, the distal,.end i f ' ible th
Formi i ng SHIE 98 1ob Tkt PHtEniay e e SithdiRadio BPlas| bEX' U7, LoTe
stiffness @Fastermith! FasidiRsiehce o flétisililyestat be efbteddyf Varyiegdhe ishape

flexibility can be effected by varying the shape 5 and the size of the
cr oss- sct iavddhe sizsr of thegrosssedignabrsite of thejsnine 850ur t her enbodi ment of

t he spine , I ' I rdd ; kne 680 may be
made of a g@ﬂmaﬁéla @ﬁﬁéﬁéﬁgp %ﬁ%@yof%ﬁfg@%(@%t m%?{eeréhgfél %ﬂgh as the

ni ckel -tit portion 690 of ttrospine 386 Maybe madel ofrabi-nretal orahapalmemoay i vel y, the
entire spine or _a larger portion of the 10 spine 680 than the distal end

portion 69@IRa{ SMANRatesiel surhassiie Nigkelitraium gfiy $Ud UNACEIR mat er i al

enabl es pre- | : t bet.e j ' BArdsi 540 of the
cat het er SS@Fﬁrgn tgi;orlh tﬁgﬁﬁa@?ﬁ&f {ehrég%% y Stpgqé)gf?é%géﬁaggg@ﬁrdég@urvi | i near
profil &) t lspind B8O tharathierdjstahend portipat6AhmaydbepimaderaisticoiSMAe cat het er 500

het hods. f orBpa nEs Hie oF SURMRE el neblt BRSshantty BEMRanABR B,
and are nots1@i sCdistag PoftidondBA0%0f the Retiftel §60 td-yaif A he tatheterdvaiyed

configurations of the catheter guide 510 in application are shown in FIGS
17A and 17Bttaimamdesired zarvilingar ppefile, thae fagilitating e ApYigatiopaBd shaped

count er cl ockw 0 r . : ' [ hown
with a pr e_cpi%cgﬁ%ﬁccﬁég%&a@éﬁ%@oq(d {cz)l’rtﬁ(% ﬁt\%ﬁ Q[@%@%@@%ﬁ’eﬁ@@%@ | GS.
12A- 1915 an vassshavieand add muthodd for predshepig ofgdiidemaidiald aile denetaliycr i bed.
The catheter guide 710 includes a spine 680 an atraumatic tip 700, and a

second el okganadndbeiapt aid aig notdiscissed dodetals 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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that extends within the catheter |unmen 520 along the Iength of the spine
680. 25 The pull wire tendon 720 is constructed of elastic spring-Ilike

mat eri al swoTh@474ptil | -wi re tendon 720 may al so be const r uctPea/usb2/88B6
materials, optionally pre-shaped to accommodate the particul ar geonetry
requi renent of the internal body vessel. A distal portion of the pull wre
tendon 720 is secured at the atraumatic tip 700. At this location, the

di stal end apbarblér%a%n%iﬂﬁji% SSRI7TO F30n&Rdle FaSMgPEBGEEMEANndR: Pr OXi mal
portion 730 G 19) " of the pull wre tendon 720 may be secured to a

t hunb sl i deb740 @rigitudinial seovesnentaif therthsimalnislide 740 along theflaggitisiinal760. The
thunb slide,7 e slidabl. 2 [ 047448 PCT/ LISO 78386 engaged
along a | o@?ﬁﬁ%ﬁ‘@@?&pwl%@ goad%?%?gﬁbe é'&ﬁ""l r‘?&d a7 %/?ﬁéﬁﬁ}%dl e 570.
Longi t udi nadatierse gaidle. A flidiRnbhedptug idehddiSmAln@ighbha) heiydid udi nal sl ot
770 enabl es a physician to deflect _the distal end portion 690 of the

cat het e guhersrporatediin theothaimiz slide f40 teeaimpisithergte Reftien) indh9 be 5
. dedin 1 . ki Y on Th th
| ong! ©ud ndoQTghhE. A0 1, “Ugflf s LR plearEPd bRl oPaifll L 0 11 1N

Exanpl es ofpxampleswigach nteardcinsRiderset-aslease, pressuessviitoht @fsetfrlosidhd - | ocki ng
mechani sns. [97] A proxinmal end 790 of the spine 680 is connected to the
handl e 570 rBechamds@Bectrical junction 800. The electrical junction 800 is

di sposed agg?lr g irﬂ)ﬁéeximgféﬁa 990%F 170 s5ihe H80 igglopﬁrgg?%gﬁ%?ﬁe $3Rd1e7g gonduct or

820 extend ectrical junction 8 e connection cable
580 f or10t r aslsctricali jogctie®B08. dheleledivtalperction 804 isrdisposEG@tsydistin and t he

one or nore ECG el d t th | st ti 5 f . th t het 500.
tne o mor @orEonafint eleca shadkeBr 81 fa o centtinr SO0 esEt B dRe on
cabl e 580 fQectrieQANDRSHINI0CLIRBLGH 8 cafitionUapld 1580 ArParimifidg BOQGONe or
nore external electrical systens. The connection cable 580 includes an

i nsul at i ng gignatebetvdsn anexiernal heGesystemeainscheiang ocwafe ERE 600 f or
[o8] win rarareape i CerhR 90 aTas GBI be FREI et orti on
690 of15t headditiohil 8AdIEtBrPMayxterid xoldietHe @hriectionxabil 5§00fdri on 840 of
the spine 680. This difference in flexibili tOy can be effected by varying
the shape 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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and/ or the size of the cross-sectional profile of the spine 680. For
exanple, the distal end portion 690 of the spine 680 may have a
Cross-secwponal74vg dt h 25 WL and a thickness T1, and the proxiusat/31886ti on
840 of the spine 680 nmay have a cross-sectional width W2 and a thickness
T2. In the enbodi nent shown, the cross-sectional wwdth WL is wide in the
distal end portion 690 and the thickness Tl is narrow in the distal end

portion 698[99]1“(1:@@ 13 &5cF 14 ARGag He dibE! PoliBni 406 thevedtieteh80piroxi mal
portion 840 and the thickness 30 T2 is wde in the proximl portion 840.

Thi s confi cqustrigbhcenfighgation and i daileckayl cariigupatian, W%ﬂ?qﬂéﬂh{odnm as shown,

Froxi bi 111y o0 SO RBioh evBER T, 1t B eS8 43 Sl P01 5586
[99] FIGS. gl éntheldtradrhatid tig 70t he tiee aéﬁéct@@bbnﬁgu@ﬂﬁnehowmn@a@het er 500
in a stral ht configuration and a defl ected conflguratlon esgﬁctlvel y.

In the Sstrtd.dhe cetbpiargiide VA s Aslipcted orpent hythe Rl wire tepson / ndon 720
does not P@lll"@oqqméte%ﬁéuagﬂg C7Oto| p 700. In the deflected configuration

shown in F e ca r guide 710 is deflected or bent by the pull
wire tendor[108D Agdistusgpdaboveewith respet te FtGH. manﬁl’m} tAs dilitalamnsk ed

b th Y d, 17B, t 690 of th
pi ne 680 rRG/Ds AL SBINGOERLTAY b5 marB AL RIS SLAIRE TeGAY) mat er i ol
to enable péﬁgg@mmqna;erraht’o ERLBIRIE- swabﬁl@ &%He%tﬁéeeﬂgﬁ’aawM%rtlon 540 of

t he catheter 0O to'conformthe catheter bddy to attain a desired |inear
profil d0 Exdistal psrtioh ﬁﬂlﬂeofiha[@ameiehﬁﬁ)@m eenforms the catheterdvodyt torattajuade 710

[ i o] hown.. i n_ElL GS 680
o chownwid9rea ReSC AR EramPle P v Baneb e sonRataiapg df the, el 13
the spine Q?‘iﬂdéw@hvam&.bnaarérsmwﬁﬂnerdee agkvarse18BOKn FIGCUBASthel5

Longi t udi nal novenent the pull wire tendon 720 via the sli de control

nmechani sm 70NeB§0 isshawn Mithe presbapeflicernterotpamdseingpkor eHyYepdit i on 690

of the cat *ﬁbef@g%ég@@g%é@%%hm vsmg%g%%ﬂggé&%ﬁgﬁgbaﬂao oPbirRbon!

configuration reference to erna ive
enbodi rmént  [adngitudidial paiveeteit o@theipul&M'reltenmmo vienthiehdlislecsdndrad nent , t he

;ﬁ&hﬁgﬁ;eg%gg gﬁgrﬁj%c%%?/ec%ugg tﬁcla ?:2 a&eerdgutléjeb 918 andocfj Xta?ggd tpg?t}onséléd ounds

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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680 and the pull wire tendon 740 along nost or all of the length of the
tubul ar body 850. A distal portion 860 of the el ongated body 850 may have
a penanmubDaB/0ecHess- secti on where the spine 680 and the pwmiCir/usn2/a7s8endon
720 25 are exposed. The el ongated tubul ar body 850 includes a tubular |unen
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 sidielmhifgd SRHTREEURRGNG Sraifirbardopmdatherf00Ss0 . The

length L e gul eader may be varied depending on the particul ar
30 appl i cafitemativelyeftienledgimi. phther glide ileaddrdsit may beradjusipblecandet ween t he

RF t 53 d the at ti,c tip 700, Th ' ' 00

as an " anchBgs ihs Qe sty gusvadha Pele ottt ey RRigf A bd ader “s50-
can be 24 M@kga/tﬁyé\féhtB@é&i&@&é&&éﬁéngwl_eﬁ@warym d Iarh éterapladur i ng t he
manuf acture ofr t catheter 500. Alternatively, the length L of the guide

| eader B80embpdirventifhsgaibe deadrr 886has atengibdi ofapprexigiaiely 3 s achi eved, a
slide control hani sm may be | ocked to prevent the guide |eader length L

e
from varyi ﬁ@r.'“mﬁfeéﬁ- exenmpl ary 5 enbodi nent, the guide [eader 880 has a

l'ength L of1o@pii0appRia@ibd, Be dé@hétbﬂPUHeSMH i5Qifedito eapgblisbatdsition ark
catheter guidé 845 Is used to establish position and, c 1 th the

tact
surface of con@chwith the sudace ofiediadyuvatset dheafpumalc aﬁ(&z rs the

catheter 5 ! ﬁ?ﬂah { | reduced
ri sks of p%ﬁgé%ghg%gﬁre% | tyeﬁc%)%) taﬁfeénbgt @gtﬁﬁlﬁ%@ %%Sﬂnmaiﬁl es it to
flex t10 corddudadt iskshef praotuoer Tok flekibilitp df thecsatbbter igaideh§45 enablesdt t he

abl ati on pathway for_the radio-fre n r mcrewave antenna,530. Wth
the defl ecf‘hﬂ@’é¥%§?mf€fr8rtoglﬁ %ntg%gﬁﬁ@%o&dv%sgmﬁﬁr?wewwa@go1 t he

di stal poL} i IfRda P ' veGQaritBena beeanvmrof i | e of

t he cat het ég’la?@"ﬁ%‘gé’éﬁdg%érﬂ%mgﬁq W rg?(ﬂggﬁno at tgched to the

at raumat i cthe deffésable dathetercauitettds djspasedwihipitbeiluraen ol tha distader i ng

bility tg.th t ' 845, i.pul.at i ' 80 and
Tho pul 1 wpPBiCB A Pagatary Pla sotpiro e ks el e Rebiel %0, ="
proxi s | yjuife 84% THd g8l wivd témdorTEZatthstied idtherateaindatic fip700ef tehanges i n
t he shape of the catheter guide 845 (and 20 therefore the distal é)ortion

540 of thecatietertauids8dd napvides fuithesaieering capability to the catheter guid
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

25



steering. Thus, in addition to providing pre-shaping to the deflectable
cat heter guide 845 (and, therefore, the distal portion 540 of the catheter
500), thwooavhmter 100 of fers substantial capabilities amETWUSOL3M886 ity
within the body vessel. 25 [104] Optionally, one or nore intracardiac

el ectrocardi ogram ("ECG') el ectrodes nmay be nounted on or within the

cat heter guide 845 to support <collection of intracardiac el ectri cal

signal s wh ] t ce to FIGS.
oS08 a%l'éﬂ%gt‘?od?éi: Qt%bﬁhg ;9@% aétpﬁmeétigf$ %ﬁﬂw a ulirih@ﬁ vﬁ% 131'% ;I@Lrug%vtﬁrlaonal

defl ecti ontemﬂunso%@\nMO mawblaeslldabkyrdImsedTWéhlaalﬁwaied Sendqi geoves i s

simlar to e het | de 710 Scr Ve, t . th t heter guide
900 i ncl udé%3I6 '%5 ESSSBH;SWIEW%I n@\? &?%a%@)n@ayg% seé:hqged g(itendi ng al ong
the |engt h gpfablfico 970, eThgléPﬁ'\% S irfcfudeissH e dodehhifesdtile 8plne2520N0

03/ 047448 PCT/ US02/ 37886 deflection or steering of a spine 915 within a

| umen 950. extanding theunagority ehtheriengtioof thaeping/© agdladféajlfkexml%ﬁa@éd Wi t hin

el ongat ed n, gr.oove 960,. . Di 0 930,
940 may bebgﬁqﬁ%gx‘ﬂ%gsir°%8?%§tacéﬁ‘1a%8@§gﬁ‘e%%é%§q %%H’gq#“?l%c es shaped
sem - f1 exi ph g digtangodidh df tex bEINEITIS. tTiee fia] flexittly spind O€0 hadg’odﬂ of the spine
915 and a flat flexible spine 910 that extends froma distal end 980 of

t he shaped shappd segxiflexible ppine @@mav@ed‘oangmfaw thsmatenale spine 915.
The flat f 'a%’éb\%&g 2Bb0E fct fle ABM!BI ol 2R ehSEbdlRX bt SmBRENGHS8P TBY be

formed of an above or the spine 680 and all
ot her M@t ermatbﬁatsr(eog)nblem@lm pnrlysmefs)muta’ateeﬁor thesappliggtion rdesambed poI yners)

itabl e f th t b d th [
Wir e tendoleroio FIaNmaadast 0is BB e naa’s BRacoRs hEb e gt & t br
control l'ing ?%%B?ﬁ?ol?ﬁe&ﬁﬁlsﬁ%‘fdr dUn'Er%IIh?ﬂﬁ@Oémeﬂ?’Qﬁ th@4full viiRsiterid@nee,

deflection o he cat heter qguid In use, actuation of the slide
control med&3@nP46) ang, henesedeitretion Qfﬁhe camqu@n guide @90t endons 930 to pul | on

he ai r oot Tl ANEiE. e s5B G D el b ERenLFE ot o

nmechanism mRl viites erRms D30NS p@mmﬁh@%tmumam tie 976nd¢f§célﬂééstther$pide on the
atraumatic tip 970 in the opposite direction. Bidirectional def|ection

control of Yedodanseerdefiast methgatiregtios of th@tqg@@gl 2305 nSimilarly, actuation

of the 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



20 nore control of the configuration of the distal portion of the catheter.
Al t hough unidirectional deflection control and bidirectional deflection
control Wewd/obmes descri bed, the catheter guide 900 nmay IpeTasni/37386 ed f or
deflection control in other nunmbers of directions (e.g., tridirectional
deflection control, etc.). 25 [107] Fromthe above description, it is
apparent that the present invention not only effectively reduces, if not
avoi ds, t he,R&SALAIR redBReS ithé ¥isk Bf é'l@@!n&al mﬂcmwe ripagslRewssn tbRiedn

abl atlon catheter antenna (as was perforne t he prior art) but al so
provi des sapetsgasives pmmrgmd tmae neigpan). Acrerslingly, théd’fﬁﬁ%@ﬂ%é'h Nengient he

Bl aces t neSHERPBlRMARaORenrE i gbiske PE AR Phab Yt B8 o BBMMETC 7" Y e
that defi nggnflinRal icsiers afhhatm P8 rReUTeRsperhettesgen. tThase ardwthpr esent
i nvention ensures a continuous_ abl ati on pat hway and 26 V\D 03/ 047448

PCT/ US02/ 3as%cts@rﬁsachmnt@ge%/ottéau&\@@tlpnél\ﬂﬂ PEROFIE ApRarept | caln thépul se

| eakage be art).

Accor di ngl yo 'ﬁg?@lgﬁtde%%ﬂéﬁ?rﬁ gajl.'d\/@él?gtgé WFJ’P‘;?' acm IS ehs t he

obj ective @lustrb® %Mym’f@@mme thmf@w‘ree\ofruge inventiohi near | esi ons wit hout

the need for open-heart surgery. These and. other 5 ﬁ g advant ages

of the invEHE] oH willle neagliyraPRBeAY Enihose siilleddn tt'%?%dﬁﬁﬁat Uaa P ed

descriptio [ y way of

exanpl e thg ﬁét%u?ﬂ‘g mﬁﬁ%@?ﬁdgﬂ?‘?%ﬁ% C]émé aems?qdégﬁ%%ﬁ@ apparent to

t hose 3@i | reatilyrbd madarwithdugt ezpta rig amtthespirt laadgeope aven ions in
iy ensttdeprtiig famthe Spir aad rod the fiventien

t he act ual 6@& E i&gﬁ % fbed rein can 10 readily be made wi t hout
departing PPSIRTIPRE Fi 9“&%&9 & of the invention as defined by the
follow ng clainms. 27 WD 03/047448 PCT/ US02/ 37886 What is clainmed is: 1. A
shapeabl e curvilinear radio-frequency antenna apparatus for abl ating

bi ol ogical tissue within the body vessel of a patient, conprising: a) a
flexi ble catheter body including a distal portion and an 5 el ongated

| unen;
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b) inner and outer coaxially aligned conductors extending within the
catheter and coaxial with the lunen; and c) a flexible shapeabl e

curvi | i newo osadidas f r equency antenna carried by the distalpCparsn?/aissof the
flexible catheter body and in electrical 10 comunication with the inner
and outer coaxially aligned conductors, the flexible shapeable curvilinear
radi o-frequency antenna adaptable to receive and transmt radi o-frequency

energy for Whgﬁgichgn.}gqqgogi cal tissue and shapeabl e between a straight
configuration and a curvilinear configuration for creating a 15 curvilinear

abl ati on pat.t er A shapeaille guoadlingar sadie-fisiqubney anhienbadpparaigs far abfatingpat i ent .
2. The antenna apparatus,of claim1, further.including a pre-shaped

def | ect on%'ﬁgﬁ%glrt'séﬂ?ﬁ’f'@ﬂ" the qug(] VS8R %Iaeoeg'r?ggé;z?m%'s vi | i near

radio-fr equencyaa%ant HXiRE BRI LI ihEKEIng aPiSPPEHIBA dMaEr Y

configuration, d a 20 deflection régul ati ng nmenber operatively associ ated
with thé pre-shaped alerigated lumenienber for regul ating the deflection of

sai d pre-shaped,. defl.ection nber. .wher.ei ) - shaped
defl ection rrerrt?ér aH’&n?r@dd%ntﬁle'éﬁﬁ)%%wraggﬂél%?%"ﬁ%&%é%beg&gr&cgaﬁ M)lﬁllngﬁée for
changi ng the confi gwagidtenamd cbdaalfligxthbll@neha@enbl e curvilinear

radi o-frequency antenna 25 between a strai ght configuration and a

pre-shaped menor®) curdflexibleshapeahieicyoilipepbradiafrequenandrigiea sppigfat us of

claim2, wherein the - Sf [ é@é{ﬁ ' l;

fl exi bl e spi ne nmade o@tﬁeﬁgg@n@%bﬁﬁglf@gy an E{e{)hgg?%alaﬁrg?%g&@?'sposed I n
the el dogated | umen. cdbnrdunithtioramitk titeainappamdiouter cbaxibly alignedor 2, wherein
| ongi Tudi nal |y ad ac&agEorhans AexbERiBERadE ABITesH FRATERURHCY he

el ongated | unen. 28 ﬁﬁ{ R oyt i g appar at us
of any of clains 2_4%t eré;fé%éétgbllgggt oneé)%c?ﬁté?%ﬁ%rraeq]gg?gggﬁ%f | ection
menber and the defl earnieogy forgbladingriplogindldissue andshapeable betwerimagi ng t he

OO o e RH BRSSO RS A I cLARGIISES UG ot vecr

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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5 menory curvilinear configuration. 6. The antenna apparatus of claim 2,
further including a fluid pressure source and the deflection regulating
menber i swbloajoa74ps essure within the el ongated |unen frompCRaShL/sisse
pressure source. 7. The antenna apparatus of any of clainms 1-6, further

I ncluding a deflectable 10 catheter guide disposed within the el ongated

| umen and termnating distally of a distal end of the catheter to define a

bi ot ogi cal bl AL Rerha!dbifArajuS of S o BLARNAAMRIAN U IRt Shélbfne. wher ein

the distal portion o l'ect e catheter guide includes an
atraumati c ti pre-Shapdtedeftectionanempper and sheflefdcibnsegulatingmentieards n t he

dof i ne. o gui daiavehipor g fne Shrtahatonss e et B e 8 fner o n the.
gui de | eader mﬁgﬁu&cymd NetddeHs athdignt naglivatidd and2eprandiRiped appar at us

of claim9, ein“the guide | eader has a predetermned fixed |ength. 20
12. Theb5ant enmenapyauadlineaotonfiguratiors| ai ms 7-11, wherein the defl ectable

cat heter guyj de, has,variable stiffnes . . f engt h.
13. The antd nﬁgemwa@tuﬁﬁycﬂmz g'ﬁségWﬁ"f{'@ﬁi‘ym&#%red%ﬁ%ect abl e
cat heter gui dgnd tid d6TeciONpsdutingameHriber W fiuid prssdare withidahé ylohgatessed

within the catheter lunen for deflecting the catheter guide. 25 14. The

ant enna appar Bmen temdhe flyidl RIP8sUe SPLIGS. wherein the radi o-frequency

antenna i d | ) ' ;

f requenclysgﬁeiﬁé%ﬁ%ﬁﬁoﬁ%ﬁé?@gégﬁgﬁ ?F &I%Eﬁgﬂ%é&rg{g?wggﬁgts irc%legt%gféogi cal

ti SS}JS 104 t hi nﬁéﬂhetdg(g@idevcﬁaglﬁedomtlanm éle]pgateddmnpn iasnflrtgrmihatirs;g digste;llyf ; f 30 a)
ing a shapeable curvilinear radi o-fr enc enna, apparatus for

D o Bl gt S M B 2 U

shapeabl e rghé'd?\?él{nara}agia?étDF%ﬁﬂl%ﬂﬁW, AHPERANG QistP oIS bf e

PCT/ US02/ 3788 appar at Including a flexible catheter body including a
di stal porti odeflestdblarcatheiagguide indodes anat@umatie tiput er coaxi al ly al i gned

conductors extand hnd dpparatl 2 SAIME 78r 2 WheFORhE helbdBpld Cath i

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

29



and a flexible shapeable curvilinear radio-frequency antenna carried 5 by
the distal portion of the flexible catheter body and in electrical

conmruni cawioaa/owi4ah t he i nner and outer coaxially aligned ®omdisor/smse the
fl exi bl e shapeabl e curvilinear radio-frequency antenna adaptable to
receive and transmt radio-frequency energy for ablating biological tissue
and shapeabl e between a straight configuration and a 10 curvilinear

configuration for cappatdtaginalucifigva Fexibrr czakéta bedy Palubifiga distal Podicrgi cal
tissue within the body vessel of a patient; b) delivering the shapeabl e

curvilinear radi o- BNERANAENIHRE 4HMEN, iBRRFAN edfer eoaxiallraligned body tissue
abl ation site wt h'c'anw&og endfﬁ@?\{ﬁhin%e%agﬁeﬁ%fﬁd RS it Egl'fqﬂgnl he

configuration of the exl bl'e cur I near r equency an froma

strai ght confi gur atandra flexitde phapedtip edrvilinesar yadic-freyidnoyeaitementagiedat i on so
t hat thg flexible curvil,j r adi o- uenc%etantenna I s adj acent to the
S

near fre <
body tiSsue to be Ita?.g&,taﬁgﬁﬂ'o(ﬂ’)oqb?gﬂ" ¢ qatetsbbgdy ard ielgeliigl ¢ he
flexible shapeabl  ceinfiriéatRRNwitirhel iAfkiardd SRUPBGHIANIABAEI obfdudlifs, et hod
of claim 15, wherein the shapeable curvilinear radio-fré&quency ~anténna
appar atus further itmeflexiele shapeabls lcapalihede fadicfiequemendreenna adapiatldoy t he
flexible curviline

r radio-frequen ntenna adapt abl e fake —a
pre- shaped curvil i i%ﬁﬁceﬁlg r%&ﬁ?'fé}ﬁ%{%@%?n% %gerfgbéh%fiaﬁﬂ?ﬁtmgm@e!Cﬁb 25
menber operati vel yti@&@ﬁh@&l%bé&bﬁ@bétﬂféeﬁ@sﬁé]%ﬁl%rﬂ?&r‘a%h'a‘hG grember for
regul ating the defl ection of said pre-shaped defl ecti on nenber, and

changi 1§ the confi §gurdinesncatfiguration fexcisiaéing araurvilinessablaiigh pattesyinency

antenna i ncl udes Cﬁe%'c@ég' itiQQJ itbl‘ﬁatﬁé #@ﬁgé’%?%%fﬁ%%g%%aped defl ection

menber and t he def on regulating he configuration 30

of the flexible mudelivdringdhe shapealile eanaimaraadiefreyubhéyaptephaal ght
configuration to &Bre-shaped mem)r£ curvilinear confi gurat lon so that the
P

30 WD 03/ 047448 PCRPREGHysIogsigrasted ppdy dssug ablptioresite walaindhe begviency
antenna i s adj acen .tissue to be ablated. 17. The nethod of
claim 16, wherein Pﬁéeééépﬂggﬁg%ﬁd defl ecti on nenber is an

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



el ongated, flexible spine nmade of a shape-nmenory alloy and 5 longitudinally
di sposed in the elongated |unen. 18. The nethod of clains 16 or 17, wherein
t he def | ewDiodn4T4egyul ati ng nenber s an elongated, rigid PETE02/37886

| ongi tudi nally adjacent to the pre-shaped deflection nenber in the

el ongated | unen. 19. The nethod of any of clainms 16-18, wherein controlling
at |l east one of the 10 pre-shaped defl ection nmenber and the defl ection

regul ati ng nmerlegible bmwllindarsradim-fﬁrewatcylwﬁ@tnaois@diﬁcehhb thedosipdipsde to
defl ecti on nenber g the deflection regulating nenber for changing the
configuration b&alqlﬁr@ flexible curvilinear radi o- frequency antenna from a

strai ght com 'T%ﬁ%ﬂ% §IRPI6, wﬁé\%ﬁ‘?ﬁme pgp retfi hRimbdrs 8% The

nmet hod of clains 16 rther pressure source and

t he deflecti omlmr@jea,tﬂex@)lersmmermadefdfmshameememceyaﬂ@ﬁandt he el ongat ed

| unen fr mth td’tdd Ire sure sorce r&g}?(ﬁ trolllng at | east one of the
pre- sh&ped d ddﬂ h?ﬁ[@ ¢ %h regul ati ng nember i ncl udes

suppl yi ng tT@Tﬁe%@ﬂfo%%f*dl‘éﬁ%%BPﬁ'Wh?réi}Le SRS BRRING HEpBF essur e

20 source to change the configuration o exi rvi i near
r adi o- f r equendgan glangated, rigidrmember kingitudinally adjacentito the preashapedshaped

menory confi t ho of clains 16-20, wherein the
shapeabl e curggﬁéﬁkgﬂhepéﬁrgnﬁ?g%agﬁ@?ggﬁ?%ﬁna apparatus includes a
def | ect abl e1gqheahethagusfdny dzldirerread, %éi@lmcérﬁtﬁalmi?JéHééﬁ%nbmﬁb the
cat heter. guide including a dlstal end; and the nethod further I ncl udi ng

posi ti dRi ng t RES-Fhapea d@f&m@nmembﬁrtmwe(ﬂeﬂeﬁbomm@t@g ragnheent to the

bod
oot te i ine. MsBInBYRE 2bkeashBid B Hibrbithaed) ?&%“grﬁ%wégﬁaﬁ? i he
radi o- f requendyeﬂamttoenegulatmg hmrﬂﬁbrtfat tiedreying theachrfiganitioh @f tHeefidaslg ti ssue

to be abl at ed. 2 The(ﬁg hod of claim 21, wherein the distal portion of
t he defl ect abFHNV E‘&?ﬁ@ TeaveReY; et Fora sraighheqniguration ta@drenchor i ng

the distal endnhghed fentpy @3hfLA4GS PCT/ USO2/ 37886 the catheter guide in
t he body vesselgﬁf}ncl udes ancﬁdgl ng the atraumatic tip of the catheter

gui de |15 t 120. Bbeymetbodeaif 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
31



23. The nethod of clains 21 or 22, wherein the defl ectable catheter guide
extends distally froman end of the catheter body to define a guide |eader,
5 and defwedaBiommy48 he cat heter gui de includes deflecting atPCraser/3tsee gui de
| eader. 24. The nethod of any of clains 21-23, wherein the deflectable
catheter guide further conprises a pull wire tendon slidably disposed
within the elongated |lunen, and deflecting the catheter guide includes

using the pul lthd @athieter guwwlmrthébocwssxsélmﬁzlmc;hbrig%lﬂ@aﬁrmdaﬁd@@t. 25.
The met hod of any of clains 21-24, wherein the guide [eader has a manually

adj ust abl e | ertite cathater gaidedn trribedy YeRseli ncl udes manual Iy  adj usting t he
| f L ' 15 26.
EUE F TR R (e

The nethod o wherein t
pr edet er m ned exterats distady fron2@n enbleofitee bathetér lsogy tof definel anguitie-l@gédemher ei n

e e et et lerSBbSor uronefieiy soage heiade | o oveve
leader.

24. The method of any of claims 21-23, wherein the deflectable catheter guide
further comprises a pull wire tendon slidably disposed within the
elongated lumen, and deflecting the catheter guide includes using the pull

10 wire tendon to cause the catheter guide to deflect.

25. The method of any of claims 21-24, wherein the guide leader has a
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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