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| NVENTION 5 [ 011 The present invention relates, in general, to

radi o-frequency ("RF") or mcrowave powered nedi cal apparatus and abl ation
of biological tissues, and, in particular, to a RF based catheter system
with inproved defle 3 1 RO LET CKGROUND OF THE
| NVENTION [02] In r%@ﬁ!ﬁfﬁgma oéé@i cesHEg-\i/E?SX#ﬂ-e significant
acceptance in YWIEH BPRCGVEDIMBEEDECT I@8 ANDISTRERING MECHAMISMS0dal ity for
heart di seases and other serious ailnents, which were traditionally

remedi ed by nedication or surgical operation. Two fundanental trends have
energed in FiﬁDléF{'IFI-?EtIWENﬂbI\Fardi ac di seases. The first has been the
shift fromwopen-fieart —surgrcat procedures to |less invasive and |ess
expensi e ci@xhet Ehe pesedt inveptivmeslates, whgerteral; éo sadietfrempuance §RF”) or

debilitating, [03] Th 1t d i t ed th hift f th
o Shesbials Aaear Sadicel Shoaiaig S04 BRERGR e Dlatb el b mer "
devi ce- baseghd 30 phARLRRM! ©% RE haddd ShtRelen SYStaR RitRimpBrdvEE dfleckstile €xanpl e,

automatic cardioverter-defibrillator are routinely inplanted in patients
wi t h | et hal and/steering capabiliieshyt hmi as to reduce the |ikelihood of sudden
deat h. Thus, radio-frequency (RF") catheter ablation is now being
performed in |large nunber of patients suffering fromcardiac arrhythm as.

25 [ 04} pDesBACRGRBYRAAFTYEINMEN HONIOl ogy, atrial fibrillation ("AF")
remai ns nifrcant chalTenge. AF, a rapid irregular rhythmin the atria

a Sli . >gul
or upper dAghbdnseentyrarsmmedical davices haye gainashsigoifigant agceptancedn pul ses,

t I | . ' lth
CePL et s el At gRaREs Sk AREIaRn RS AR ArELafsdel 1
treat ment HhdobthéFsdricusasitnents ewivichewgredeaditisrealyrdaredida by imedication- hear t ”

surgery. In the Maze procedure, incisjons are nade alo re- det er m ned
‘1ines exterdfGUIdigal %er-i'ﬂWP fupdamen tr?ﬂ@?]ﬁé‘ﬁ?@ﬂé?dgﬁag% r. As healing

devel 0gg, Sfftdentof 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, scafs
1



10 WD 03/047448 PCT/ USO2/ M 86 2006 are forned along the inci4d '
t her eby fqigisadsgrriers to the conduction of electrical m@%@gﬁ‘y&e%
creating such barriers, AF can no |onger be sustained and regul ar heart
rhythmis restored. However, the Maze procedure has not been w dely
adopted due to the cost and nortality 5 associated with open-heart surgery,

but only as ' e | OF . . ' -
repl aceren: a1 it et Ao fehBf oA iR B hetonish

r epr esent ed obglectiebhigipisdmsBy ciedting- suchdsenens, AR @&t oo Idre@hibeque, wher ei n,
I nstead of surgical incisions, a catheter-antenna is applied to destroy or
abl at e the Résiained@nd gyl heast dythmés rastorgd. » thenldagat het er - ant enna

i s passed t | ; ) wpnly practiced
in the nedi gg&éﬁprg @ﬁ?n%@%rﬁ%cﬁ%ﬁ%@?@&%‘ﬂ#@ tﬁ%g“’%@?@ catI et er - ant enna
I s posi t5 onassocdistad With eperkheatisusgatydfuboniags adjunctito obwopiaioneans, and is
brought into coHt act with Hi]t;?@l heart tissue at a desired | ocation or spot

wher e abl at PE® WressHEn asm NRTOPRCERNt. ( he tissue is destroyed by
resistive h '”Qng‘ﬁéﬁébﬁ%abhqg‘rﬁiﬁﬁcﬂ?ﬂﬁk@bpe?éﬂo?ﬁ@%ep?&é%h@ﬁfr1 the

catheter-antenna is re-positioned to the next spot for ablation. A series
of spot abl ecathetes-biasad ratlioifosqueneyldbiation teekinigue, whereigdosigadsied under t he

Ma d . inst th ti f | ' 6

Bt st ng. cab WEICET GRans. Acanrish Abraties o) 1 ftigh LARRSE edieart ™
i ntrusiqe tfiguestRide ffktrial BHAGREY. The catidiéiamenAdis pasddibthadlgt i on,
di sruption of cardiovascular function is reduced. a successful

However , [
cat het er - bathewveimfar gccesstrigatipm Esiennecy direticesyni thenediealdisidt i on of

spots. 25 oDt el RS B cAhkr-Bhichrts HARRACHE LGAD il OF ™
el ectrical theraid segray bnflubv@scopicmesns)andtid bréwgtit iftorcdritectiticthee

pl acenent of the catheter-antenna represents critjcal el nt .of a
successful PRUEHSAYEAL g deogir l?&ﬁts?naramémersfaa@%mp @Jﬁgvlrﬁgnﬁf@%dures i s

Tt he ey = 1 . R _ o { he
desi r od PabrRiE 3508 i B b [qsI AR HeaNG oRPERRER T RS or
muscl es ar eaniahsat Therediten,dherdathater-ahichab isved-positionée th e nexhspot es of t en

:‘)fe n? ﬁ; ggtc ng? t@ﬁlatiglk.a esr[aerpets c%fs;}o?%bfa?itoplgtiflet}s_r%%%gqge ?H‘lfefazl' elél;}otn’s a%nd slippage
accomplished under the Maze procedure against the conduction of electrical
impulses.

20 [06] 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, fo 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-

2



2 WD 03/047448 10 MAY 2006 PCTI US02/ 37886 antenna tends to o [
damagi ng o éyangof the atriumwhere ablation is not deqkﬁﬁgggggﬁgegebs

result, placenent of the catheter based RF ablation cannot be efficiently
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 routine I ' : Lol [ er - ant enna,

whi ch i ct aPHieTTR BHEE i fhcdr36i&ieh) et aiRg Dbl e bl ire?

el ect r o- phyablatiogiis ot desiradr s resuit) padansant\of the bathetsr eisedrRRNP! i fi ed
whi ch detracts fromthe use of catheter-

by the prolo d procedure.t|ne, . .

bgs ed alr[:t enﬁﬁgﬁen%ﬁ"@?&%ﬁ@ﬁ@ﬁ'ﬁ%@m'slﬂ%ﬁm RiBlongegProgedyrgdimero
mnimze th ' ¥ I ' 41, 249,
a catheter- glai*ecc?srsn%fg? gm%o\?lgé} g’%'tnegnér)lgxllg%&%@s?nggﬁuﬁﬁgggﬁ%%géc| L )ér%ll pis

i ncor pordat e@r oinep inradiating means toe smdinely emplayetifer imicating and|gositidpimy er ,

whil e thi i d the.likelihogd of ant t het er - ant
' prage. dufretBeER e Bhic dftates Hide G nah aracphs ot ng
task 15 to ﬁ@%lé@tr@bﬁ?éiél@g%‘t.aﬁ%@%su‘ﬂf s@ré]?in%hf‘élﬂ@n@é @"&tef) gm fiftdd ed

abl ation path for each ablation step. Thus, arter each ablatfon step, the

" ant enna hasbY Bieprolangeg proeeduredinae.dviaich Wetradisgramitee luge af catheterext spot

whi ch nust it hif i.al..or proximty tol erance on the

abl ati on pa@%éggﬁéﬁgar 3%1\@32% fﬁ%’%ﬂ@'@%%% f@o@ﬁ%uﬁ@%lﬂnngl y, effective

treat mdOt s [08] afe hekdindizedthid figk blslippab, foreRainple, ik 8t Parn¢Nd. require the
creation of %gngé r OVﬁ{eJ appi ng linear or curvilinear ablation |esions on
the inner suffhed90n cafieterrbasad micewave agienne isgisdoras whereins distal i ers to

ih qUChion : \ - .
bt QS iarbaRRed Iniding BRtnd&To RH3; RICHELABEWAN However,
cat het er - baghith thid desigm rexfucasrthalikeliidod ofl satiéma bscathetaidtéhnya t o stabi li ze

and anchorét].he cat het er ndhg'.crovvave_ antenna_insjide the atrial chanbers.
New cat het &IPRAYSAHEAC egeh ahiation siep.dt degs Beigliminate hepansumingasky t he

capabl oo ot o eepeRicion dhihEantclifa dbhy fle A9GRAFEDIREEN B 201 X i on
| esi ons, affer eagiuablstion siept NEhuss alteo paemablationisteprdhé mntenna has 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
ﬂbrillation 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.
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I nvasi ve cat heter-based curative procedures for atrial fibrillghi QOB@
03/ 047448wiPo3MAY148006 PCT/ US02/ 37886 [11] U.S. Patent No.pch; ;\%@X

i ssued February 20, 2001 and U.S. patent application Serial No.

09/ 459,058, filed Decenmber 11, 2000, disclose a radio- frequency or

m crowave- energy based catheter for ablating biological tissues wthin the

otk il g S BB eSS e
o ti on t0 JiicglicHi abriBPb! 081450 088 CALHTIIerhBiO £ F0R0C s8R s8RRSO

catheter g I's Tocated W thin the catheter lumen and is secured to
t he distal frezpehcpor ahictdvwaveseieryy based cathederdfor abtating tiologinsl tisstespor t i on

t endi ima)ly within.the. t to b led t
e T onT A MR hadly VRSdU b bR Bt DTS batnsiE s s profiBabhdfioho *yui e i s
that it isrgigg%&iﬁeﬁ'\ﬁtrps?mﬂ dpaRird shdth |GRRR dieing Rent fichsrogimdlo form a

| oop, e conformable to'the interior contour of the body vessel. The
cat het er guiatiion teaihe distal pertiont Hdecsatheten incarporiates an glongaledeathetaronave

ener gy . based.,aptenna ipncorparate t di s . porti t at heter.
The ant enn_guﬁe {F‘r?gﬂ%@’&@_?efow@ﬂ'l‘i'é‘? g@@ﬁté,rhﬁme@hé@tgos%%t%f téygtfn{a r?Egt% gt het er

gui de passipgtiort 6f $iédathéter bildhe ERe, WK iife bititePaPoriod ertending adapted to
receive and irradiate radio- frequency{ energy. in the nicrowave range at a

frequency wypxigwlly withinetheeathelesiimen tabgaotipled fovppsiioninge

el ectr g ' ct . | QleOGH AR «akong a

bi ol og? al rﬁi%#fgaﬂ?sgﬁ. éﬁ%@én%%@? Eé‘at%@‘%ﬁ ’fﬁﬁqﬁﬁe cat heter of
t he presendeployable bayaridihediistal opdriieg oftHeacathatartte forand l6am twhielsist o t he
cat heter described in U S  Patent, No._6,190,382 and_l.S. S patent

appl i cat i ofOBENTEAPIA #J@QPTQS'QT G@@P”ﬁ'ﬁgg\sll??ﬁ*%%nggegﬁwe%@a‘ﬁ)ﬂg%s, anong
others, ingh lgtesé%ﬁl‘?@téphﬁch%‘ﬂa@fﬁlﬁ?ﬁﬂéﬁdfélﬁmﬂgéwﬁbé%ﬁ@rg%‘"ﬁ%, at the
di stal ends, tendon-type antenna deflecti'ng and steering mechani sns for
easy def| eanterma istemoraipdatdherdistal postioroof thie cdtbetent Abeandsnnend sensors

for nitoring different . .paraneters during.ablation. 4]. The shapeabl e
ot enniBof Taates: & beficataIbRhREAEPsfadatls F cainetfl 0.l pasding

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, fendon-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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abl ation of body tissue, and is particularly suitable to creat—pol | 25006
curvil i negyo @alsdgsgon | esions on the inner surface of the ausir/3788€SE

| esions 4 10 M WD 03/047448 PCT/U 2/ 7 86 2006 can then act as barriers to
t he conduction of electrical inmpulses, thus preventing atrial

fibrillation. The shapeabl e antenna apparatus allows the antennas to

qui ckly, easi rec. | | | ] Y a target

ti ssue and %I{' egﬁ&sq%algiﬂlnlgf%,%vﬂéEgﬂéﬁct@cﬁt@ﬂ%ﬁ%@ﬁ%ﬁrﬁ g %%pﬁuesd to the 5
target tisspeveatihg afial fibelkitidm eTlepshipeabié batdrma ddddratectilbes thepect  of
the invention involves, a shapeable curvilinear radio- frequency antenna
appar at us f 8nteapaate AYicklye e85l Andinregisaly\aahifgye @Mﬂ%@psﬂi%ﬂvar %f a

tient. Th I L " i.0- ) t
Phcl udes a ras: eae dciaithdy MY B RF ShieraYrie NG BRpiedRAR]
el ongat €1l | iangat.tiskoedo baing abwiué therapeut éffedis.i gned conductors extend within

t he cat hete nd are coaxial wth the lunen. A f|exihle shapeabl e..

Lorve Tl mear 1167 nahBotet aaareofahe Snveaton Tgivassy Shapedis ghadReapsdiPon of

t he fl exi bl t | &0 x| SETBRItRRH iyt h the

I nner and oﬁ? r Ag‘?aéjﬁ%'?%%g ignéég)rgg!ﬁt@?dc;??g%%g flex!tlﬁﬁiﬁghgﬁgg%abl e

curvi | i nearveassél of & patieri clhd Shapaable auiviingas padibifrequency astensaand transni t

di o-f f | ati Lological 1] ' h bl
betveen o STRATGHE TBHePS & R bafidher bBuy Aoito A 4B BadR B rn Tor -
creati mp a ukyAtbH NeAsn.aritiriaAl dudricenRiaily alimidebriictors eSBHE withirhi n t he
body vessel of a patient. [16] A further aspect of the inventjon involves a

met hod of dbesatheierandais engial withitle lunen. t Aiflexibishaepblreaidlinesr a
Parvili near 2o RareRfench St & RamicH e Hiotal Mrith B i RodipaRRlE,

ti Zsuef Wi t oyt ibdldélecﬁiwbbomm.m.iqaﬁ?m allth the ﬂlﬁeﬂmgembére:oﬁxiaﬂw il ibngar
radi o-frequency  antenna apparatuys ipcluding a flexibl|e catheter ody
i ncl udi ng ;;i'an@@ §P"§'é¢t€"|’son %@e’&leé '%gUWMW@ﬁ! fﬁ‘l’ﬁr@'ﬁqﬁﬁmout er 25
coaxi al4lky &gﬁd% ' Wl TN g coaxial with
t he IJ?en;aédztan alsf e F%fléé)iésﬁeg%é%b gqéhuﬁ/ﬁlﬁdﬁéaa?@ﬂg%%ﬁ%@gcy ant enna
carri ed by abdtimgdisibgicaptissuiecamddt shapedble betwecrcasiraight cdndiguradiod and
el ectrical communication wth the jnner and out .coaxj.al l.y aligned
conduct or s 2 aBReaasmBueishdat et cHiviest PP priem AR Renna
adapt abl e t@sli@@fhifthd Hody\@B8SEN of alRftEAt. :

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

20 Dbiological 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 fransmit radio-

30 frequency energy for ablating biological tissue and shapeable beiween a
straight configuration and a curvilinear configuration for creating a curvilinear
ablation pattern in biological tissue within the body vessel of a patient;

5



30 frequency energy for ablating biological tissue and shapeabi I\ﬁﬁ\WQGbﬁa
strai ght q@ndsi@sysgt i on and a curvilinear configuration fopcgrRed/bises a
curvilinear ablation pattern in biological tissue within the body vessel

of a patient; 5 WD 03/047448 10 MAY 2006 PCT[ US02/ 37886 delivering the
shapeabl e curvilinear radio-frequency antenna apparatus to a targeted body

ti ssue abl afyj S| | ' ' . j t he
configurati g%ﬁl{)é{ﬁptrt]}ge %%%I%BQB@\% xiﬁéwregg%%&% 5@%&@%@9"%’%@ rcl’;ég froma
strai ght cotdrggied dbdptistéue ablaptien sitapithinrthebogly eessal bf agatiesipohargingt i on so
that 5 the {Iexi Ieéﬁurvilin ar, radig-fre uenﬁ_y antenna i s adjacent to the
~body ti ssuelleFoniguragen ofthe lg sLadlinggr raskio-FBaYenGYAUBNIRTAH @ he 1 exi bl e

shapeabl e ¢ hh adko-frec : 3 | s and
advant ages. sy ph SrRuiBhion JreHERE it ehrinkE cBiiddigforth LD, ST
t he draw ngthediedibldheuntiinaal radicssquenmyiantervfa is ladjgreat terthedodg issubtodi ment s

t forth bel BRI EE CRI.PT THE .DRAW 18] FI.GS. 1A and 1B are
<1 de- ol evat PB ALRIST 208 DTS e bORKfveHe EFRIIexhia hieraide SuRARGRe i t b
an enbodi megididfreguetic dntditharechani sm for steering 15 a shapeabl e antenna

apparatus of the presént invention. [19] FIGS. 2A and 2B are _
si de- el evatf1dhal Fuitherobitcta ape adyaatages willbecapparentiolthasegkiledimitiiee wi t h

ant onna appif SEEESRRR DY S ¢BnER St B HeRtE s kRio TP i et P o ©
si de- sqQt i asrabodintamis 8ét fathEhedl nent of a 20 shapeabl e antenna appar at us
of the present invention in a straight configuration and a shaped

configuration. [21] FIGS. 4A and 4B are side-sectional views of an

alternati V%Rﬁgﬁgggmﬁﬁégﬁgphﬂ@@%qu@na apparatus of the present

I nvention iTT a SI shaped configuration. 25 [22]
FI GS. 5A arfd8pB HGS. diddend ¢Btarerside-glewationd! viaved bea RFrhblkdtion ohtheftera

shapeabl e ant.enna aratys of the prese i nvention in_a straight
conf gur at 16HOARA SFEHIB i PIRIDFEE o) 3 SBPNAY ERFChaRISIR dDTHReRHED
si de- s¢st i NghapBSaftenfaldpbbifls ofand praaBht Mlention.
{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 émbodiment 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 anienna 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.
i23] 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.



a shapeabl e antenna apparatus of the present invention in a st @@%Z §806
confi gur alypisAfiga shaped configuration. 6 10 MAY 2006 \ﬁ@—,ﬁ;:go 8
PCT/ US02/ 37886 [24] FIGS. 7A-7C are alternative enbodi nents of the
pre-shaped deflection nmenber and the deflection regulating nenber of the
enbodi mrents of the shapeabl e antenna apparatus illustrated in FIGS. 5A B

and 64 B. [l FHESE7ATCPad dRrREMEAEIBOAIMUAE Br e Srefbndaldpt i on cat het er

i ncluding a apeabl e antenna apparatus constructed i n accordance with
anot her endefiectiom membehang thes defledtiongeyllating [n2Ehbéi GheBmbodin@Rtsar e

i de- i i | . f the RF abl at |
catheter || POLE/S(EERPle drenta aPpatde-fusalsd o FIESCEA SRt o2 8 ew of o
radi o-frequemy FRSI®IsH sidkidlevaton@elie@CdRPRE alskicH &RhERS iﬁ&ﬁéﬁhglé ties

according to an enbodi ment of the present invention. [28] FIG 11Ais a
parti al 9i dehapasahile Aslennaapperatus codsisucted forctadante with anathiro- f r equency

cat heter of . | ates..an enbodi nent of a deflectable
cat het er gu?@gngéth%%‘%:b%%a%mggﬁEO% cross-sectional view taken al ong
lines 11 B-[2B]of FI3%:9A 43498 &€]side-SectidndPvicwsroithe shapeableiiiténiya ew t aken

along lines 11C 11C of FIG = 11A [31] FIG 12A is a partial elevational
vi ew of anciPRaraigRfdhesih aklation cathefisrillusitaded in EiG.1fet er gui de where the’

cat het er guyi V:aryl ',,gg;? ' | ] is a parti al
top view oﬁbl?ﬁek@g;ﬁgoe@ﬁgodcﬁ}g%en@ of ?‘Héﬂ?%igﬁﬁe@%%@%&ﬂgﬂﬁgm de of FIG
12A. [ 38] Riaflecishl: and stemringcapabilities accemlingtean ehmbagirhentsf thaC- 12C of

FIG 25 12B. @L?Ali FI.G 12D is a cross-section view taken along |ines
12D 12D of HEPESNtMYeNtiones) Fi G 13 is a partial el evational view of the

def | ect abl q2gpt 'Eer 18US ‘éﬁ)éﬁial didSCsediidhdl VRAPSERe Widtal Borfioh YR Of a distal
portion of 'the radio-freqguency
radio-frequency catheter of FIG. 10 and illustrates an embodiment of a
deflectable catheter guide.
16 [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.
T1A.
_ [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 configuratidn.
7



30 catheter of FIG 10. [36] FIG 14 is a partial elevational 1/0 Aqupb?
di stal pogid @na®dsgt he radi o- frequency catheter of FIG 1@@5@2/%%& ecte
configuration. 7 10 M WD 03/047448 PCTIUS02/ 7 86 2006 [37] FIG 15 is a
partial side sectional view of an alternative enbodi nent of a distal
portion of a radio-frequency catheter and shows an enbodi nent of a

def | ect abl eygat heyar 16U do i B L BhBY oqRlr I HferfafRl binabalit |

constructio 0] wre on €ex 'ng wt ha | ufmen o

flexible 5asfistabpoitiofijoffa @dioclffedericyncathater and dhowisew ehbblienetitsif al
portion of the radjo- frequency catheter illustrated in FIG 15 and shows
t he defl ect d6fiectablergatheter gujdgaviiy aplexibig spige of fgeartiabBH@ ng di stal Iy of

t he di stal Lot Of O : 17A and
178 ar e scheantrielicR ands phWR 1ehGh RERIIREHARR urich bR ol
pre-shapged dpiseal portion of a radio-frequency catheter. [40] FIGS. 18A
and 18B are he i ¢ depictions of a clockw se and count ercl ockw se
pre- shaped | ta%of@ !Sogpaft'ags'fjﬁﬁ'?}ﬁ’ﬁ’?glﬁléﬁ@ p@i‘i%‘sfethe FPA€r udi ng a pul |
wire 10 assishublbyERRbRY iluifatlehHICRIbidfIsndis {ikidettcfbid Baitibrgr parti a

si de sectional viéw of an enbodi ment of a radio- frequency catheter
i ncor por at i ggiderwithnd gdidecisader exteudingadistally of thex distad portigni afdharadiohed to a

slide contr f de ion and steering of the distal portion of the
radi o_—frequﬁ%ﬂ&‘/g'{:cgt?%{'%%‘ [42] FIG 20A is a partial top view of another
enbodi mgnt [o1a ErESertAbhd 178 areaichehtitictidpistionstdf Ddldtiass izpaad

defl ection capability. [43] FIG 20Bis a partial elevational view of the
sane enbodi ¢RHttersiockMase pes-shanashtlisted portionesf gytadie-figrueney catbgter] 44] . FI G

20A taken diBhg 1 ickeel Gty tEG el oA e B Ff o BB o ©
PREFERRED EOERbMNKHi$elble-Hidged distal portiontaf dFiddio-fiéquancy dateter

di o-frequenc " RF" blatio cat heter 100 incluydi ng a shapeabl e ant enna
;Sp;r at u Sq%mgluém(‘c‘]sq pyht\f@@ ﬁonasspst in &aping the distal portlijon. J P

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. i
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




accordance wth an enbodi nent of the present invention is showm M’hq, 580
cat heter HWodiraadaptable for insertion into a body vesselpcgiudaasisgat ang
the shapeabl e antenna apparatus 110 includes a radi o-frequency antenna for
delivering el ectromagnetic energy to a treatnment site. The catheter 100
will 8 10 MAY 2006 WD 03/047448 PCT/ US02/ 37886 first be described before

d i bi ] ; invention. [46]

The cat heter S0y Ranaef e eeARBIAL thaBral BB gh e B Rl O . o

portion 130 peestnd inliesitiah. portion 140. One or nore intracavity 5 |unens 150

(e Sl Job S Bl el el i bbbl W 27
t het 10Q 4 LSy Si ring an

bosi t1 oni ng" SorALpafeh 1 e pSiefharihn 1405 Qi BERRREHeIREL O

| ncor por at ettingns1pd xiGERI 34 r3B)1sdernd frommeheairoxitreal pbditon $3@ otthepl i ng 170

' | e ic devi h
2s a R goRamelidnG B8aiarpation 14D. Zaake e ipdrial Gorione  Sbhht i on-
procedure. iHeAdgdthdRe 1008 atdtitle Chagsd 160 for HARITY RessiRing Stedfing B! 1 ed to

suit the particular nedical procedure, which are well known in”the nedical
art. In a peeifienipgcostrolsdiagayill betdescbad i krtheodetailskmdow: o abl at e cardi ac

i ) - . . f
body 11 ssue Comgetestah, SRIAGFES 160 SFie Gt a8 85 Gumyh 7oy "o °
const r utd edcarinezting thy cathet@t 00 & ofid6i mofe BicRtropiiaévibdLsiéH 46 8 Rfhe body
vessel environnent. Exanples of these materials include, but not by way of

i mi tati on, IP¥ElerANgRONKAISE MahstavmnRSuRRaIr el the abiatiorpprogadiienane,
o dnese. anbi7L! JThé Bimicitsictls APCAREI J0ptirs BfBiod A8 reiickes it g opact 1Y
plurality opariegeaentedics ipnocedune, whichare wed Knioevreincthenpadicalrat] Imedieri al s
i stal " ond. PO EioBRdenaL tiioatheiehdbo i s Yolpte Rardis s o but ¢
joint, 15 ahesiereHRanihogr 160%%8%3% Egggf%gﬂﬁﬂg?é@af %cﬁgi%?eaddw to

the circunferential surface of tu r taint sirabl e
| evel of stThe tbsidardedyt 12 Gobihel cathetenmpal deogenarally cansteuated 8D8. . Thi s

allows the r?o%ﬁglt %ratér?aq ﬂtlé)t ig%\(t?-rég%pg ible Wi ?|t1 itr‘;’let Eody 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 o 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 fiexibility to
g



t hrough the body vessel of a patient, and to enable torque tr Mﬁ\{abeb%

the |engigp @fosbfdg catheter fromthe proximal portion to thgudiodsmks
portion. 30 [49] Wth reference additionally to FIGS. 3A, B, the distal

portion 140 of catheter body 120 may include a softer polymer conpound
than the proximal portion 130, with little or no braiding, to provide the

desired flexibility to 03/.047448 10. MAY..2006 PGT[ US02/ 37886
agcszl):n?mdat %‘)gﬁplgmléﬂ %BISZ@:%HC %3_9 &S?H@gcﬂ\g tﬁﬂéﬁgﬂﬁﬁgtﬁﬁe enna
appar atus L} aregﬁé heg! 'D%ﬂle%ﬂé’n §Hﬁ§hggg@z) oﬁtgg shipesaiblptanieanmaranpar at us

110 may be ment ed through t f pre-shaped defl ection nenber
180 and a ddbimay beimpegueried doroughtibe use®f amre-shapedidgiiegtion def | ecti on

mber 180 and flecti at | d f th
nandl e chasarabartid Bnd BAcTRHER oG e, o iep B et oGy 1h0 e
[50] Thg prefebinesertidrasiol sHu/orHeadeikloR rel0atind meteidret®0 may regul ating

menber 190 may be proxinmally fastened to deflection control grip 10 or
thunb sl i dextaal fremdss handlegyhasais 60 taxihesdistel pardionyl 4B efdhesathedely a axi al
sl ot of th; Baqg]e chassis 160. Axial novenent of the thunb slide 200

al ong the R Qlot, t oget her enabl es a physician to shape or deflect the

shapeabl e g&jenTaegireahaped dbliBction wemnber 180 andbt theodéflegtiont i on (FI G 1A)
and a defl ect'ed, shaped confi guration, (F‘y(? | B),, g? any confiquration 15
t her ebet we &egulating membsial 90may herexinally iastepgtido gﬁﬁqo%?/"t grip

I ncor at ' i s B L1 ' \dr in the
axi al pﬂél ot% ?tm@gg%%ggggg%ggﬁ%ﬂc ’m‘k"’r@rc %ﬁ gégeg%@g%{ngageggypqggg of such

means i ncl getial sket of thedeawlle phassisr160s ixiallmoversent of the khughiglidd 2680sns. [ 51]

FIGS. 2A and 2B . illustrate a RF abl ation catheter 210 sim,l ar,to the RF 20
abl ati on c&NsBe ay s[ﬁs@?ﬁ@f - a physiGiaRo HaB?toéldE?]g?E\}Bgenbodi nment

of a defl %Q%@@ébté%mérma lawm@@@méyn S SagRecefigipaliaie (F1GY 1Ahe

shapeabl e enna appar at us 10. The deflection control nmechani sm 220 may
i ncl ude aandteedeflected; shaped 28ofighrationi(FEENTRY): enanyconjgwatiedunds and is

oot oRS, b gtheB, BT SElln GRnSheh e OB TRRERLS, 500" s o
the defl ectic@fporated 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 2110 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 -colfar 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 o shape or deflect the shapeable
| - antenna apparatus 110 between a straight configuration (FIG. 2A) and a

10



regul ati ng nenber 190. The handl e chassis 160 nay house a tra 'qn 006
mechani smygidigdnsbignsl ates rotati on novenent of the collar p¢gg; 'a?
novenent of the pre-shaped defl ection nmenber 180 and/or the deflection
regul ati ng nmenber 190. Rotational novenent of the collar 230 relative to 30
t he handl e shaft 240 enabl es a physician to shape or deflect the shapeabl e

ant enna apparatus,l .10 hetween St r.al confiqurati '%riHG 2A) and a 10
WO 03/ 04744%9%&%@%8@ co r@@%ﬁ/(%%%ﬁ)dgf ?8}5?8’&@@%@ d configuration

(FIG 2B), #@erapdtweenfiguration therebetween. [52] Wth reference to FIGS
3A and 3B, an enbodi nent of the sha;geabl e antenna apparatus 110 will now

be Fezcri bd82] n Wiithgefrrenss to FIGS. B : Fad 3B, gorembedigtent ﬁ‘éﬂ@a‘ihme@blq;ogy 140
: ! . _ . _ . o rog) ot
ot enna et GHURANS SBBRERED A6 Wl e dscln in oreibial, B uRGar o &1 o

enbodi mgnt , pdrtien BF et atherr Boly 140l incladega RIF edtarinadl 30/ haviog difteddble,
material or wire StricP that is wound in a helical fashion tqQ form

hel i cal cpih?llﬁﬁﬂﬂpﬁ@e Rﬁé’aéiﬁﬁﬁ@ﬁm%'tr@ eleat 809 fﬁ'i bedy téﬁﬁ}'el MW-oft the
coi | 10 w nding s%ﬂgti\t/é‘SnﬁﬁhﬁﬁédtmeoﬁFté}ﬁeﬁﬁﬁ‘QHG‘iﬁéﬁd l’?é!e%{rﬁ%'i%""' re strip
of ~desi gh | to the

are a matter chol ce, ch can"vary according to articul ar
procedur e comdiutties nztédidlyor mégustrip tesit is wgubRl inEhkelRB! fashéymia f260 a s adapt ed
to receive aand radjate. electromagnefic. energy.from.a squr of .

radi o-fr eqdlﬁriié‘?f e Wwf%oﬁ“%!’%fﬁg’mg? g'ﬂméﬁgmé a(‘}'fﬁ?ﬂﬂ%fgﬁ%? et rum of
radi o fHequ@EREing, antithé selectidifof tHECERRILEYE RRABRAG! WiRdSRiplarBizcal |y above
300 MHz. The RF"antenna 250 is capable of applyi ng substantially uniformy
di st ri but ednattercofrdgsigmehsice,iwhith casvaryacesrdimg totibe partiguanpia € whi ch

I s i ndependen f of. .}.he contact., between the RF antenna 250 and the tissue to
be abl at ed.® ée% 'tX|r88Plf%ﬂﬁ5tﬁet ic field transmtted is substantially

normal to b8 | ong RFdiiéina 250 & adaptbe thre@eana rddifte and therefore
producing a uniformenergy field circularly about and bounded by the RF

ant enna 25@legteanagneticericigy #anka Sourergf leeio-fleguenayienaioy ¢t act with one
g(r) ug})(raﬁSt glsﬁ(BWn')F A SUMMIE P EGANY spBtrGfh 5Tkl fedfdhcySs MADrmeal |y
microwave frequency range typically above 300 MHz. The RF antenna 250
is capable of applying substantially uniformly distributed electromagnetic field
energy along the RF antenna 250, which is independent of the contact
_ between the RF antenna 250 and the tissue to be ablated. The
20 electromagnetic field transmitted is substantially normal to the longitudinal
axis of the RF antenna 250, and therefore producing a uniform energy field
circularly about and bounded by the RF antenna 250.
| [54] The RF antenna 250 may be in electrical contact with one or more
electrical conductors 260, which in turn may be electrically coupled to a
25  source of RF energy. The one or more electrical conductors 260 may, for
- example, but not by way of limitation, be made of a flexible mesh or braided
wired construction, or made of a thin-film electrically conductive material,
which extends proximally from the RF antenna 250 to the handle chassis
160. As described in detail below with respect to FIGS. 11A-11C, the one or
30 more conductors 260 preferably include elongated, coaxial, circumferentially
aligned inner conductor 640 and outer conductor 660. The inner conductor
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exanmpl e, QY ofARbaRY Way of limtation, be made of a flexi kg
braided wred construction, or made of a thin-filmelectrically conductive

material, which extends proximally fromthe RF antenna 250 to the handle
chassis 160. As described in detail below with respect to FIGS. I1A-11C

h 3 duct, 60 f b i ncl | . i al,
Ch T con e e@ADATRY AR AEa oRwerentBg sErBRnY A i SRy BB A iR 560, " e
i nner condgﬁ}@&e%ﬁtﬁ%]@g{,@égg%ﬁﬁ& %\4;@%}615@?/ US02/ 37886 640 may i ncl ude

or circunferentially surround a coaxial sleeve 630. An inner surface of
the sl eeve[B80 délei REsni¢rnd 25k and Sie opesT Mpte alectderl cendustars 269 t he one

or nore electrjcal conductors 2 i iC

di el ectric e ‘E?B?gﬁ‘f{]‘fwlﬁ&gﬁcﬁ%gﬁ%p%ﬁfe@%ﬁ%ﬁﬂ %ﬁ?t&gﬁgh%h 0 ensure
their sgr UQingainéirriéﬁghi thYenstfe Pefttsticturakinteyrity fo@rotechthetsamhe Giooa|
environnent, to isolate electrical conponents, and tq hel confine the

el ect r o- madmebictogicall envirengiant, ta dsclateralectipalaupPNeie HKbLC hf'&bar atus 110.
The encapsuy

I oati.ng, ' terials such
as sili conCSﬁﬁé%FI%Téfepﬁgérggé% eril%fssaé‘%tlrgfdru b@?%@ﬁ%ﬁ%ﬁ?ﬁe nlr([)ga[ 56] The -
def | ect i on gppardtas ng. Mhrheicapsilant\coating, stiegehmaldte made ohsuitablewi t h and
slidably nmounted over the pre- shefped 180. Th defl ection

) efl ecti,on nmenber
regul at i ng MataHals stgh a5 ey RP!‘I'Q@"’SF!S%‘EH@%'E‘%'?] ,Or&e'l?%efrgci‘?f"p% I ar
confi gus at i a H?éi@! [ g%aé [ hegimial . The
def | ec}tﬁi5 ont@guﬁg?ﬁ%fléégﬁber l@&@%hg)?rg?gg{;ﬁaped_ ?@éﬁhéﬁtﬁfgg 15
conf i gur at wdth. addldabie mmueaiecheyerdhel pre-sbaped defiatiion membeny 88e The

el ongated, [flexible i,fe or i th i re-sh i red

confi gur at Flﬁh‘?dﬁibr -tmdﬁgw%gﬂg§985$gﬁﬁﬁ¥r§ﬁ§§% %5@3%@ %(raaﬁ de of

metal |'i ¢ Mpjinadéenfigiiration Rhd dlydHe MadedTanslasiaror etdl flexible @teral.
materials) or polymeric materials having 20 appropriate degree of nenory,

bi o- conpat Wheldetfkeptiamdemﬂailmwmemfs'lt%uaﬂmb&lPrepﬁ*@iﬁéﬁitti)@sdeesﬂ'ﬁgrrpl es of such
rraterif%]s i ncﬁde. but not by way of limtation, nickel-titanium/(sold
under e £PY %F'Rn'ni tinol), stainless steel, polyamde and

pol yt et r af [gpjoetringl grasHapBafdetipctidvinehiber 180 mal desarusledgaied, fexibldoe

wire or spine that is pre-shaped to a desired configuration. The pre-shaped
deflection member 180 may be made of metaliic materiais (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 frademark nitinol), stainless steel, polyamide
and polytetraflurcethylene (“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

25 source of RF energy. The one or nore electrical conductor}ﬁgﬂwzoﬁg
763

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

- gite.
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heat treated or cold worked as necessary to provide the desir AY 2006
struct ur alygfsarprerties, such as stiffness and flexibilitpgr X586 dl spa
portion 270 or the entire pre-shaped deflection nenber 180 nay be

pre-shaped or nade of a pre-shaped material. Use of pre-shaped nmaterials
enabl es pre-shaping of the deflection nenber 180 or deflection regulating

menber 190 cqnform the sh bl e _antenna.apparatus, 11 esired
| i near or (1581” ﬁPﬁ‘é%P%%PSF?‘F@E%%@E@*?‘S&W@'?’% %\ﬁ%ar 19 ﬁm ﬁl&:‘%ﬁ%egur ation
and pl acemgptriel. BRe3NARER oAE SNAPeaFB MR ddPaahanyil ke inter nal
contour or geonetry of the targeted site. 12 10 MAY 2006 WD 03/047448

PCT/ US02/ 37sescrtss by the: pre-shapsdi deflection menebem by shidiggt REE-appar at us

110 illustrgted, jn FL.GS. 3 h f nt enna

appar atus I Prd de@ggﬁc&q Fﬁ@@’%ﬁ%‘i’sﬁﬂ"i@ﬁﬁ@ﬁ %ée}%cg?ﬁ?%@%rg@er 180 by

sli di ngst hemarBer $b0ReE tHe defetticmcdrirdd fiechdisih at the hamdle chhssise _

defl ection {ﬁe{gul ating 5 nenber 190 (via the deflection control nechani sm at

t he handl e goddntotbe)lumgs 8% o t he | unmen 150. [59] Proper shaping and

pl acement h : a%éb j one or

nore radi oﬁgggqﬁaeﬁﬁgfmﬁ?%%%mﬁ%& ﬁ%#gga yl%t%ﬁ%@ﬁg% enna

appar at us 1MHQ m¥¥ ble dided by omerer med adapepapid Mankarisnot stovehaqeered e

ant enna apparafpﬁy 110 becymas opaque under x-ray _or fluoroscopic

exani nat i orPY theg @B?alalﬁcﬁ'ﬁ%mﬂ%égpg‘@ﬁﬁ ?ﬂiaW'%‘ho%ef of MOrg SRFIPTARRAUG i i ng

shapi ngpan ¢ Irayl i SSue
N90 ﬁg@?@fﬁl@eé(a @Ip%bfé‘&téﬁﬁﬁ‘%ggg%g eti ¢0 BacaRRaHditieliilich Riray

abl ati on. tiron, the s ) antenna apparatus 110 may carry
one or 15 ordluerdscbpiozeatiiaatien,dberabyaaiding dhaidgntiicaion ef ke pesities (not

shown) for jhe hysi ciaps, to obtain bgth optimumti LALLY and

el ectrical Cﬁ’é’ﬁﬂ@@'@%\?@ a'?fEPHa&?meé‘i otﬁ’\eo%pgﬁgfeaﬁgp%%ﬁ%@ﬁggﬁ;p}f@n, as wel |
as to obtaifasfieadlgek of their actions. These el ectrodes may be secured
along the length of the shapeable antenna apparatus 110. 20 [61] Wth

ref erence t{60jFI ¢n additioanthel shanegbie/anterpaapparatusf 18 MAKEREYOBE Cint enna
apparagds 280 i. L i i
shapea@#e éﬁ?rgﬂﬁgg%\g%%%]%éﬁﬁaggk%bés@ét}gécleélﬁbq(%iﬁ?? gﬁs nge"ét“ﬂ%f | ection
physicians o 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. 8A, 6B illustrate further respective
embodiments of a shapeable antenna apparatus 290, 300 in a sfraight
configuration and a shaped configuration. In FIGS. 5A, 5B, the shapeable
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nmenber 180. However, in this enbodinent, the pre-shaped deflecfd fpay"eober
180 shapewdd;ﬁumgpeabl e ant enna appar at us 280 to a desir egTaAR02/37886
configuration by slidably retracting the deflection regulating nenber 190
proximally off of the distal portion 270 of the pre-shaped defl ection
menber 180. This allows the distal portion 270 to take the predeterm ned

P haP® sl 1o aftonhd drbbatus 29655 stifar 1 MAERafebil SRRMANAREAMS 4RO 1O ake

00 S £ Rasdiiber] abspatil tespoctioiNamIRs B Indhal ipcsikpsaiNe smoanappar at us
, in a strai i i on, i Vi gur ati

SA 513, th@PRa tok &S AR B AoTig oY SBeg & sistptRerden BBetant enna

appar at s 2908n8had iflodtrtBmHaA 20019 MY i R Bk dasiofsor | bed

above with spect 3A, 3B apeabl e antenna apparat us
290 t akés arage&atmdnemb\h.rgaﬂaﬂm 656y 64| 6E;ihwgsdnaoeab@|a|ﬁenna@ppamus>f a

-sh d | def | '
Cequl at | ng Tascrmigbre T Speasanianignnd oPRBet a0 ROl afalshAr ot oo

300 is si rri.le@,gsbptot#@s'ﬁhﬂpamh%mmpéawaﬂmna?gﬁpéﬁt@é Boethidzaye Wi th
respect to Fl 4B in that the shapeabl e antenna apparatus 300 takes a

desir eddcorﬁ@%@danqrtﬂguwoglbmhﬁ!@gaa@@ﬂe@nqn mgulating memver ialyso axi ﬁL ly
10 500, [ 6oty Bha Phondl 0t &ishalddith 386 of b felhEpBURTECAEH isrhba" Meret

enbodi mAnt s36Mf t he deflectlon regul ati ng menber 330, 340 and pre-shaped
def | ect m 360 t hat ith the sh bl t
appar at Us. 168D, Wb relereraedo IS, ?7‘&?( TR ariER STk SeEIAY SHBVHIMGN [ 04] | n
FIG 7A . t g 1RE GefiB@Rpde ﬁﬁfglrt]@f;trh %‘Qérsﬁ?gw é?@shéﬁe@d@ &l general Iy

rect angul ar cross-sectio acent ction regu at| ng nenber
330, 340 hawember 820, 3fththadinhay !neusedg\uﬂhdhe@hapealslecantema Bppartaies

enbou et o Soh' o HR0EA, BB e AR R0 o e del et on
cont acysw tlB4paqh REhRA, Beohe-diipied detiedtibn meMbéY 326 IBBasasighafew on
generally rectangular cross-section and the adjacent deflection regulating
~ member 330, 340 has a wider generally rectangular cross-section. In this
embodiment, the pre-shaped deflection member 320, 360 and the deflection
regulating member 330, 340 are parallel with each other and may be in
20 contact with each other along their length. The pre-shaped deflection
member 320, 360 and/or the deflection regulating member 330, 340 may be
slidably received with a sleeve (not shown) to ensure that the defiection
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 by the deflection regulating member 330, 340,
| [66] InFIG. 7C, the deflection regulating member 330, 340 has a generally
curved C-shaped cross-section and the adjacent pre-shaped deflection
14



menber 320, 360 and/or the deflection regul ating nenber 330, 3@ Y 9806
slidably werainedsw th a sl eeve (not shown) to ensure thatpchigotlgiskeclon
regul ati ng nenber 330, 340 maintains the pre-shaped defl ection nmenber 320,
360 in a straight configuration (or other desired configuration) prior to
25 shapi ng of the shapeabl e antenna apparatus 290, 300. [65] In FIG 713,

or oss. sect iBABRE Senesed et Brnehial {oss ooty B AR ARk BE 550 has
general l'y r@@baaméglgbﬁm REFNISE 0013609 shidalsly recenst bethe déflestipne- shaped

defl ecti on nmenber , 360 is slidably received 30 by the deflection
regul at i ng regwisting 33ambeud30,[¥6 In FIG 7C the deflection regul ating

nmenber 330, 0 ral r o - ] and the

Tl acent pr8TCnAER raprARE B b, o HRE RokpATEEEIR 1RIEINGR, D00, Sosss

rnﬁrrbe(r:I gZ?ishaﬁ_@ab@Sarﬁn%ﬁlha gg%ﬁragg) 4$Bce?$l1gm%1?d in acd:d_irdanmmntb 'Hiam?e},crl the pre-

shape efl ecti on menber 320, . s i da recepv t e ction

regul ati ng e}v@bﬂfémemef theqipvent wwlz%éeﬁw@eélﬁc@q %kﬂ%“%{ cagﬁgggr &Qﬁat i on

cathet er 405l {00 At RIDAbBA RS vitPRIbUR FiBg ans et ed i n
odi ment of the irnvention wll

accor dance Wlf[h another e be déscri bed. The
RF abl at i orand2Ae2Brextept thessheipa dfdhe shapaableatienra ap@ratiss£10 ised above

Shapeab! o dreuRid Sy adiaricareneunats i pEarE ik SR Pt unat i
fluid ngqsezzgg@?ﬁ.tﬁth@ﬁb@ﬁ1gmeAﬂ§bk@emapanaQ;ft@e&mbiemom?mpé@@( At a

pr oxi e catheter 400, a stop cock 420 nmay be used to connect
t he cat het éi2040ay be usedytdrcenneet the gathatarnde to alhydeyicarnesmatier ce 430. In

t he enmbodi pent shown, the fLui [ 4 krS: inge filled
w theat 1 oo SR soutie oty o i oSt e hiidhr¥eurRlC 11
fluid pressalufes430 Rea $pihgentillddewith pultid ¢e.gasatihé) hoakever in Alieiative
pressure source. [68] Wth reference additionally to FIGS.

pr e- shaped efgiadimentss the i aressign S@é”%‘@%ﬂ'@ysq%ﬁéﬂmﬁfé?f @6%’%??%%2& 180
i oqr b e TR SepRUAUIREST ] < ant enna apparatus 410 so that ¢ he ant enna
appar at us 4@ag] t aWiels 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. 8A.
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



20 the shape of the pre-shaped deflection nenber 180 as shown 1@“}&\9 2866
The pre- siapgmasiak! ection menber 180 may be di sposed in tlpgTARG2/$/886T0T €

| umens 150 of the catheter 400, may be di sposed in the antenna 250 may be
di sposed in the wall of the catheter body 120, or the catheter body 120
maybe pre-shaped. To straighten the shapeabl e antenna apparatus 410 to 25

th f t h F ted to th
nterior obhapeatle BN a Aeparatusbymay he mRinETER T I8 sfRebt r L (° 1
pressure ggHfidiftafidh shb@h ifFAGPYB. bmlééln@tW@bmeqfn hBestop opcicamtksd20 in an
open position; the plunger on the 'syringe fluid pressure source may be

pressed, &mjéiuubmfﬂialaaﬂne’t@nbodb 18Q tloag &ot eserPe H]ee‘éqtﬁﬂtef Redy 18@- di st al

portion 14Q. of th h exerted
in the shaggéﬁ Lg" B%ﬁ%@% %ﬁ%éaé%gatgi‘;egndie@a %nﬁﬁﬁﬁa@%ggwlgﬁﬁof t he
pressurg aFIGVSA ﬁ\lé%l\(e BhtiRe 8 c'RQIZOhﬁaprb&q:ﬁmmld astidpe phingernof enna
apparatus 410. The 15 WO 03/ 047448 10 MAY 2006 PCT[ U302/ 37886  shapeabl e

ant enna apihe sringesiuid pEgsRIraSOHIGE 43may hewitdrarynthis rergyes & ati on
shown in thd ?&Btﬁ%eﬂ@%f ;glﬂ'tlﬁﬁqtl e 8£'thtaﬁg b???ﬁl%dé%hd"tﬁ@sﬁ edf)et fluid

in the cath oes no escape t e To return
the Shapeabh&matwpmammmﬂakesﬂ@shapedxbthecprémjlapedldaﬂesﬂrmm in 5 FI G

9A, the val k 420 b d_th h
oyri nge | MEipHe oo 100 OGP TRy U HeAS AT SRS 800 he 11 vi
fromtfe d'béﬁék tﬁé’%%‘@h@eﬁoﬁﬁsttﬁ@déﬁédﬂ%h%gﬁ%ﬂh g¥Rémbapdeddiibeghapeabl e

ant enna appar at us s the shape of thé pre-shaped defl ection nmenber.

Thus, the &bove amdelﬂew(mtquhof ﬂwdﬂm&%ﬁ@tm$@m%pam@sﬂmﬂﬂtuﬁo serves
the sane f nct on a he defl ci:lon re in above, and
t he control®8f ﬂ?rlngﬁt ¢ EYEN9R 9'81 Rrﬁﬁs %3%@%%@;"3’6%"3?% 0) (e.g.,

t hr ough thgeﬁ,gg|d§g§d§f|é;¢ﬂb,m@ﬁmuﬁ%cﬁgursﬁe 430 and the stop cock 420)
serves as a deflection control mechanism [69] In another enbodi t, where

the pre-shigsd treametber embegiment, where the pre-shianaskdefiaction membgle 250, is
di spos t: ody 120 is
pre- shg‘ged!‘l’ %%%@ebttﬁ%ﬂgﬁg%r{garﬁnggd "‘}g{u%c I o?ﬂ'?erfﬁfgt&l%gﬁ rggul ating
nenber 1901p®yorthe Vatlsktbt Bothe d 20 weprevéHapen, tideflection 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 inseriion, 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 fo 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 coliar 230, or by

16



el ongated | unen 150 for regulating the deflection of the shapeﬂ@IMAW?Pega

appar at usy s/ dsfk The shapeabl e antenna apparatus w || negTAgegsses a
described in use. The catheter is inserted through an opening into a body

vessel of a patient where it is brought into the proximty of target
tissue for ablation. Prior to the insertion, the shapeabl e antenna

apparatus is provided,in the _straight nf i ti In ted, the

di st al port‘FQfﬁrc%m fg}'dﬂﬁ%ss(':'é? mklﬁs@%&%@ﬁ%ﬁh &P g)gra[\té@ ?g'gék‘laﬁn{thi n the
proximty O(f:atf@%r'él@@)"}t i on where ablation is needed. Steering of the
catheter through the patient's vasculature to the target ablation site may

be done usifid]a Rlasementy sheping rydsiefienton ot hetshapeahie@MeNN&t ceri ng of the

distal portion 140 of the_ catheter t ' [ be

per f or ned u%ﬁ’ﬁﬂjﬂ%éne}‘nbﬁzaﬂﬁ‘@t%%ﬁ%ﬁhg 03%3%%’? ﬁ@-g@%ﬁ@%@berﬁgﬁ%eegﬁh on
control grecHanisE) f&EeR 1anchfahe cathdibr elid positiors oftheobnerayminee radiconpl i shed
with the thunb slide 200, the rotatable collar 230 16 10 MAY 2006

WD 03/ 047448paU UB0ENS TEBEDE Batactad by gultakle gy &X ’Jl&'%réo%%i’{%eéﬂ%uf@abl e
ant enna. appalatiuss &.ﬁtggé%‘l’gﬁ% theHi%e! g%rgéﬂ%o drifé cBlrRasE Macezhapi ng, and

defl ection BFRC nt enna aratus may be facilitated by one or
nor e radi o-@RRAYRe FREHMItY of e #skuenablatiorhsitelithe shapeable@mtam® of t he

theter. Th iti ? th . di b
ot 6ot ed” byABRATRSITAX be SepRID GotRsiEd soonaaoN A PR G U e ar
After Lpe g#@:{cﬁige{i%rbbbg@o%%%EH?s%é%l@éﬂbﬁnﬁ|a®‘§>‘éﬁbtuwl(é.@.,n t he

proxi mty I ssue a site, the shapeabl e antenna apparatus nmay
be shaped tdegloyingithepreshdpesidefieasiontipermhgr distalief the defledvsd 10 descri bed

above for shapjng the shapeabl.e antenna .ap u , | t he

pr e- shaped ra?smaé@si"aﬁmﬁshg%?hﬁﬁ@?&f‘ae?a Iﬁ@%gééﬁae%?é%ﬁ srtgggggi?%éi%enber S0

that the s ‘ 3 hisbddodieTrectibr nsdraber, refradting tiest al portion

of the pre?gﬁgggéﬁgﬁqrggﬁﬁgﬁ%{nbew r et ragtli ng th def I(]:nti.gi pn regul ating
RITCEY

merber in adefiection ireguipting megnbertinahdiregtion Aroxa ppﬁpnque_ shaped
o7 el BB G aRRel Aehl FEMIR Mo AL RRRBR e bt S i
pressure frigges e Shaebf herdistanpddionaf thépresahdpacedefiactiohanember,

u 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 heatrt, 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 afrium and the shapeable antenna apparatus. The shapeable
antenna apparatus is flexible enough to aliow at least a pottion 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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shapeabl e antenna apparatus takes the shape of the distal port{emA ggbgs
pre- shaped ¢gafsbasti on nmenber). The shapeabl e ant enna appacatuse2smse0

mani pul ated to the desired shaped for optinmal 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 el ectrodes. [72] By

way of exa |nth as n.atrju the
shapeabl e gﬁ?\é‘% &%@%ﬁ%&'ﬂguﬁ%@?@%“?ﬂgcsghe‘%ﬁ%at&%ﬁ@ conﬁ our

of the int %d:élron\/@f'the%d Ressl Mtor testhkatisalesiredst a portion of the
shapeabl e ant enna ap us to rest upon the atrial wall, which establishes

li ne cont ad?3] b@m%ar%e!raﬂﬁhaﬁem ilefar theshapspbleANenia 2BPREANUS us. The
h bl [ t
of The . ohdRRArAradRARN Hillonet i bpEAIR) RA1AD dbsircy uBliBh oAy A Por (L on

body 305ve3ﬁelsha of the sizipeable Mnnaapparauamawlm secukedtimpositional wal |
pul sates, the apeabl e antenna a par ai} lch is in cont act with the

atrial wal (& QNI‘Mth alsebraloasgp 8PN R SY4lC KGN iERiBIgn B1O¥HB6 nove i n
concert. ! 365 GENeAEURLAR 4%foftb>tﬁ9 o bsticH)! %te?éa%‘férwwtsepamﬁdh t he

| ocation o y ves where treatnent 1s desired. [73] Once the
desired shape hﬁaécdrmlishedmhm theapplibatiornof mdicafragpency €iLrgkias been

acquired and a ned aIIeI with the l, at | hway, 5 the
shape of t %%@1% ﬁWa BB{?&P&'{%?%@%?@%%% E‘gtj%ﬁ)dtﬁ%f osition (e.g.,
wi th a1get bR N tpés jBisted Wﬁéﬁﬂomﬁ@'tﬁe mcéntegnmwma&musrtasgeng t he
val ve the stop cock 20 to e off positi on% Thereafter, tis

abl ation tasudiocationsfaliowedbympplicatiensghthiecl ieBaray: FBaus. dong ag ency

the 10 apl apnbuqh Aatd it chFt skl BBk SRRy eliftel ™)L L
target ti giseieisk @ﬁélebﬂmal infpuisevedikbye dephesa tblated taésud‘mtﬁﬁagser gy. Thus,
| ong and contiguous ablation |ines can be ea If‘g'y?FE shed

subst ant i alT4] ellihgiahave may,be repgatadl afnsEioFmed| '8'&?(!9’ II"oet ween
abl at efbo Caﬁ?oﬁgﬁﬂi Bﬁ’?ﬁrﬁ%r E%J f}ﬂls & e"ﬁ.‘iﬁﬁﬁaé"ﬁé Wﬂéﬁéﬁcﬂngr onaef or med for

ot her r| um-or ot er regions of the body as
necessary ﬁaﬂmnhmoerUrbeeqthenbsl ar procedure requirenents. :

[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 s'hapeable antenna apparatus described above. Aiternatively, 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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[ 75] From the above description, it is apparent that the shapeﬁ@l AYHEHB2
appar at uswaf osi0d®uqapr esent invention allows the el ectrodes tpgrfiitoskisys

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. 10-1 1C,

anot her enbadiapnt | O v f 1 f ting

bi ol ogi cal ﬁuserévl;éeésaﬁ(ﬁ trgn%ﬁg%/%\l/delérsf%ﬂ!:igg%ﬁﬁﬂé@,ﬁéﬁ}té%ggy ﬁr%@? Eé% to the

atrium of aablatioent, will be described. The catheter 25 500 is adaptable

for inserti info a hody vessel and ipcl udes def | ect abl cat het er gui de

510 t hat isff{}&caﬁ% cﬁtﬁq% rngeug%gﬂHar%sfcrm%ﬁﬂegb?ﬁfwwfhwevPgtheam e catheter
i de 510 I ' scat ' itA h bl

gur ae BYtehfa %Q%escr?ﬁ%éé% éalgﬁtl&rﬁ ﬁf‘"%?épréggnﬂaﬁvé‘@prp]ﬁeda‘ﬂﬂen%& thge shapeabl e

ant enna appar at us ove. ernatively, t catheter 500 may
i ncl ude & heinstefliay tthé lcathedehguide 5dQiineudes Slongatedmartiohe tted asdapeabl e

o oG st or e 1o aie st EMESh ey Safhef & $athRsSiATE 528 outsde "y 2006
VD 03/ 047448 eRiHyRA26BHB 3R AESTH, %%%rﬁz@?p?%ig?ﬁi{h‘ﬁta%d@éﬁl@yrﬁéﬂ%tﬂﬂﬂ

(m crowave) ene(;gy for tissue ablation. e catheter guide 510
prescri bes [78¢ abicennestigineahiapstextends fromenpeoxiaal ¢ngt 589 e5ihe abl ation. In

et udes. ol GnSBLERRAR FRflend Inghdtes A REFIER Bone s GBS RO nani sm
560 of 1@ caddmieeting) tivsltathetdt S00ttsidhe ot Merdiptgrakrisand/bosestehtesct i on,

steering, positiaoning and depl oynent control. %IL?S] A connection cable 580
ext ends f r GHeeironie deviges sygh ssobel nqtiisnitedbion atftly gpBawMte”. nd-G&Hd i ncl udes an

Chechy ooy SRSCARS cpusRShe A g FIFSH I REARIA=Ler 500 Lo
limted to,[78] RA gatheter positianal EGitirol €/K) rmay extehd-ootrthe lpeoximabendhown) i n
mmy ext end 9001 R East FaRdends faupiesting S CaR SO BFRIS B%0 for
e o UL S Al SRR SR b or o
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 fo 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 foward 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



[80] The RF antenna 530 may include an electrically conductiv

W re stri wobtsds7448 wound in a helical fashion to forma fl ogmn$ellca
coil 620. The appropriate dianeter, pitch and | ength of the coil w nding,
and the 20 selection of the conductive material or wire strip are a matter
of design choice, which can vary according to the particul ar procedure and

[l ext bl 1L Yor BsRBUVARET Edhstndtton,T8r ﬁ,%éfb?glthﬁﬁrlﬁhgul%%glrda}uf%hauotwéhe RE

ant enna 530 provi an’ i nner tubing, ner, or sleeve
630, which ﬂnamnal wmm bireurastribeeihe dieladiacexifaleiveyco andehtends i cal coil

620 L he ha f . Sl 630
const r uot ecPBRAl TisTa 4 hencacal B 1S BRndiREkde PRETPdMRbod of
el ectrical BRor é%n%bl’iﬁ"%lotiﬁdﬁ?é@bh bibr@ﬁfé@ﬁ:%ﬁia‘?fconhghr‘éi@h @@i ihné20 and

body fluids In e lunmen 520, and I'p confine the electromagnetic
field t& thealbofttheddeare 63[bdeﬁlmﬂ$20m8862[082] The helical coil 620 is

el ectricall oypled to, a,fi nne 4 S in turn
el ectrical I[§3ﬁ Hﬁpﬁerocqqglugt oefﬂi)tc'é !teéwglﬁ %fa %ﬁ%ﬁ’b‘?ﬁ &Hg\e{?@%gﬂ{“ cal
coupl i ng 60&ati Q@r 'id(yé?'659%16%%&9rou@I'Qm‘cﬁnﬁ@‘éﬂtIQIfsmféde&dmbéﬁenmh 19 ~ WO
03/ 047448 10 NAY 20 PCT 2/ 37886 or braided wred construction, or

mﬁde of a tppxntElly ke m%bﬁlﬁﬁ[ﬂeaﬁ'ﬂ@ Q@iﬁﬂﬂ'& leyer 638 sepias as %Hbﬁrﬂﬁf@hﬁ‘?crl bes
t |
e, outer SULbRA B 81l EBHRRE B EAEBAE Y ORI ok eshdlafr | o2

assunegpan alocmgﬁttl@@ioutﬁmdo@ducmfaaguratlon An inner 5 wall of the sl eeve
630 defines_the_| unen 52 83] Inner co tor 64Q is oate Wit h a

pol yneric df#l edtei h?f'ﬁ?b?@h%m/@ weyngd PFF&"’%L{?'P%‘?" @EHIN 6‘?@ ?ggrf

ci r cunf er eneidl oA fyBR 56 tHANE Slediicity BBlibled 8 duter Baritllctor’std.

Di el ectri c ayer ves as a su stra second or outer conductor
660 and el dmtmmpaxuﬂeycoadtuabesef)hmeienhe:allsconmleddothe_eoawe agfifm t he out er
conduct or 660. J84] The helical coil 620 is wound around the outer
circunfere®CHY-surface of the dielectric layer 650 and is electrically

coupl eqlst 0 [os1t el ARNGHBHEIMEFShowr) ohtérrbonaubl%rr 66018 Weddd o i s
el ectricall'y ‘coupled to the source of RIF ener
electrically conductive material circumscribing the %lelectnc layer 650, and
- extends from the helical coil 620 proximally toward the handle 570. The
~ outer conductor 660 can be made of braided wired construction or thin film
glectrically 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
e_lectromagneﬁc and thermal isolation from the biclogical 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
.aiigned relationship with each other to form a hollow cable which extends
from the helical coil 620 proximally to the handle 570 for the defiv.ery of RF

20 :



15 [85] In the enbodi ment shown, outer conductor 660 is made of AY %886
el ectri cawyoxmanggcti ve material circunscribing the diel eqiomo /368

and extends fromthe helical coil 620 proximally toward the handl e 570.
The outer conductor 660 can be nade of braided wired construction or thin
film electrical I y conductive material. 20 [86] The helical coil 620 may be

coated wit i g, dofirigly24BA'< hiyaRtBGenTsbatiucd hBdubliar Bl dlctors

circunferentia sur ace TO ensure |ntegr|ty
coi | 620 argA®; a6p@hihtmalboswmiteally cutiechantiths bgliaaly cadlediantenens30 The

| ant : f bl | h | - based
et or | 2”@é>?imm”a &eﬁ’was“éwﬁg Shelictigs SUHRes P, ANdREB ETSERREo 050 rade
of simlar ymB{GE) e31e?%398 t\thne[e n%aecéﬁ%l E@éxlélqulneﬁ&e and the
an rovi ectro

out er condu gnetic and thermal isolation
fromthg bmlcogim@daterme caﬂlemrtgwc[esapdmhabapeatdeahmma apprarais. 540 of the

t het 50 | ect duct h
Formed' 1 n_ dtnarighdas Bubers ap J shg Ghpidgiwih R ahdl Gore Sl ¢80, B ' ©
substant i a'élﬂérrfé?ﬁfé'e’%hbddu%@zﬂt Ghé ﬁ%éhfSQUQﬁéy #Hdute Ghé BRRfrE Airaghgnship wi th
each ot her orm a hol | ow 'cabl e which extends fromthe helical coil 620

proxi mal | y one arireoteasfdvisics niey oot heheoaniali with theogontuctors 540wB603/ 047448 10

the tubul alPJondiE GHECE R0 Tkbar B R AN MbloTe AR PFre =
helicaihy eatHerer 500 @ithin HBOdy vesdealiang i HEX|blya£dnfmnﬂdlﬂ>ia te threlomttoue sur f ace

d, h ff t | i , Whi |
ot ovi di ng. @ BEnbedY vessekAONIRTS ot fo> S et s b0 W BRIRSTER qui de

and/ or Sha%ﬁ?ﬁ%ﬁb%ﬁb @@@Egtﬂgggniﬁtéémh[a% e B ot radiun

coaxial wt € con n an ternative enbodi nent, the
| umen 520 m;aquemazﬁerscmm mltrarmmbad: aleetredes moainted along tbe cathieter nay not be

ongt tudi nakids S Byataks w i embpcinbRe fos SSB6t R o8 BT escel and
e Caast s e o, e e N e &
facilitat eﬁB@]n t Frhematheier gtﬂlderﬁd Odnclwdes analprgated flexible spine 680 with a
distal end portion 690 including a distal atraumatic tip 700. The distal end:
portion 690 may be secured to a distal portion of the antenna 530, at the
distal end of the catheter 500, so that the atraumatic tip 700 is adjacent to the
20 antenna 530. In an alternative embodiment, the catheter guide 510 may be
fixed to the catheter 500 so that the atraumatic tip 700 extends a distance
from the end of the catheter 500.
[91] The tip 700 is atraumatic to reduce the potential for perforating a body
-vessel. Optionally, the atraumatic tip 700 is formed of radio-opaque material to
25 = support identification of the location of the antenna 530 during administration of
the ablation procedure.
[92] The spine 680 is made of one or more spring-like flexibie 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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opaque markers and intracardi ac el ectrodes nounted al ong the Impgzggﬁ
gui de 510wd es/@am48] t ernati ve enbodi nent, the catheter guige

fixed relative to the catheter 500. [90] The catheter guide 510 includes an
el ongated flexible spine 680 with a distal end portion 690 including a
distal atraumatic tip 700. The distal end portion 690 may be secured to a

di stal po”é[bgfr 9h ér{‘é’dtﬂ{? foﬁtﬂ% sp‘ﬂﬁééﬁb tgg‘éhéiéi dritfp&@ibhet er 500,

so that th auma 'S a Jacent to antenna 530. In an
al t er nat i vesSihtsiottierapirie 68@1maydid1m flgxlbthetran(renamlbg poftionsdfitbet he

t het 500. It t t t 700 t d di t f th
end of T he SPITGEBR SoRe 38 S ey havR eale sifiGe Hien 5t RS LRt he.
pot ential fe dtsﬁ?ﬁél‘ﬂr Fhig@ifiérePedn ﬂé)@ﬁﬁiﬁ) carFBt iefRelddby Vdiginglth@ehBpkc tip

700 is for adi o-opaque material 'to 25 support identification of the
| ocati ob ofandihessizeofithesgossaedtionahprafie of therspine 680. t he abl ati on

procedure. ] .The,. spi ne Qf. 0 ke flexible
mat eri al s. [5%3 fb'ftﬁgﬁﬁ 8@8"?’[@3&%58%%% ? ﬂ{eﬁélsﬁi\gbht ion, the

spi ne 680 ';ﬁ)rtlcﬁﬁégo%?tﬁ aplné%e reh¢ Bk made anabheictardrahapenhemiory he present
invention, the 30 spine 680 is constructed of a E{I}ural ity of elongated

menbers hadliny (FMA")dapterialisurhas Sienskakiianiim atioy sold sngertheni tary body.

e B oX! MaledRA gl AT AR RGPSl S5 UG onbiBr e 06 cont o
b oy Shine D80 AR TheAbtal S p oy Wiade °f§9ﬂS“A“e TP Che
sp.yne 680 mgteral eMaksanf é"ﬁg‘?ﬂ\aﬁg@%"éﬁ) r&rSh%Opfﬁﬁtcat ewgldﬁe’ngth

This 0011 e1s056 dital S ias!of @ Raltns S5 Hpcortht 0 kel g hodlage > and

the size o the Ccross-secti1 onal e spine 630 94] a further
enbodi nent adifalrtad&smeaheuﬁﬂﬁw;eaaprdféasthusffm:ihiaﬁmgathaamulgqimrtamd] 690 of the

Slich st nOAREERRIL A g he s 05, 0o A ol of osRiRiior e phel ™ '

Alterngdi vebyselt mﬁe&i& bA@ nfethats o p?e—lsﬁéﬁi?n@ dftEMAQﬁa@harsrmngén&pauye 680
than the distal end portion 690 may be nmade of such SMA material. The use

of SMA nat &npwh inibd peanst arediod gisayseed imdetails herer gui de 510 or distal

portion 5404l ENEHLLS Sie-ShpetCootRglLtBrs S thE taRER RAGY 5416 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 fip 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 7_40 may be slidably
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attain a desired curvilinear profile, thus facilitating the n%%ysééwgged

pl acenment waj oddagssgat heter 500 to the internal contour or

body 15 vessel. Means and net hods for pre-shaping of SMA naterials are
generally known in the art and are not discussed in details here. [95]
Exanpl es of pre-shaped configurations of the catheter guide 510 in

applicati ong Y/ li.f% E | 680 is
shown with aﬁgb&eﬁ% %(?nl é@dlpéllégb %Bgl’&cﬂgrc!agiug}??ﬁ} PHP]E %?'di B, the

20 spi ne 68§70. sLeh@Wantmommémahwmmbsﬁﬂa\me diorakiher loagitudinal[ 96] Wth
reference to FI 12A- 1 an .anot her enbodi nent of a catheter UI de 710

will be des¥pib énaﬂsswmb@ﬂfé?n &Jﬂaféeﬁilme ﬂﬁé@llﬁﬂ'@'spcaﬂ@'bﬁﬁg oBEe

t t d t d 720
that - ext endé e Py TiARARD o RO RREB RS rbt Shofif mase  FRdo0 e
680. 25 STrheinpoploraeden thesn thumiy 8lide §4{¢m1ma|mtainetuecg‘npeﬂ>m1Mrmnstbel ng- i ke

materials. The, uI | - wi tendon 7 nmay al so be c truct of SMA
materi al s, lSBQ‘ II%%-@%&M@HC H‘%@ﬁfﬁ‘[ﬁ?&? f I?S@’I ar geometry
requir e”E”tE%fmbI@% of iSOER MieandneNd¥ et ftleads Cﬁrésélrep.ﬂﬁch%} irbhangul | wire

tendon 720 is secured at the atraumatic tip 70 At this location, the
di stal end pechaniemeg0 of the 30 spine 680 can aI SO0 be secured. A pI’OXI mal

hun s1 1 dd®7ho 5praRief bt 2o she b pENERBAAEAHE 196 nBFIHETOAD e

thunb sio deslddficamun&toresoolalvhy e?&trl&lMd&ﬁoﬁ@O@%E%dﬁ@ﬂi/dﬂéQﬂstaV 86 2006

engaged al ong _a Iongltudlnal slot 770 of a handle casing 780 of the handle

570. Longi tRedtiompf ab elaatiical gpongduelor kb ESG gendueionPan gxtands|fmmithedi nal
sl ot 770 er@%’é ﬁéal{ijﬁé%?{ &b@pw ﬁ{el &Siln %ﬂ&%ﬁ%s@@ﬂgm erurtggg@g"f the

cat heter gui rictiona Ureceehant S
i ncor por at edyriats bbiwedmaﬂv exterdal H@G dystemiantidhe onecorgnoye BOGS tion in the

Beanpl o5 ofldEResdae MRS PI oF e Gt BIRIE0G) Dudor BIPT8: sel f -1 ocki ng
oo o"B7e oA sy b o raiagolRth Lpontet o 010
di sposed atcoanelmtmgaeiectlmai aspecifof e edtbetari5O8ltocmederanore &ternakECG conduct or
820 ext enOISélefc:r‘rr(l)cal 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 flexibifity 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 T2is wide in the proximal portion 840. This configuration along with orienting
the pull wire tendon 720 as shown, causes the distal end portion 690 of the

- spine 680 to have much greater flexibility than the proximal portion 840.
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el ectrical junction 800 through the connection cable 580 for ty@ M 9008
ECG si gnwlcodmatseen an external ECG system and the one omrormses

el ectrodes at the distal portion 540 of the catheter 500. One or nore 15
addi ti onal conductors may extend through the connection cable 580 for
connecting electrical aspect of the catheter 500 to one or nore external

el ectri cal ! oFfBs, ﬁfae?ﬁa) A Sifilstefe H@Bl@ta’i’é@ﬁio?\%@@ﬁh@rbdtﬁ@t& 800 /iy | acket

830 and ter ates at ectrical coupling or coupling the catheter 500
to one or amtraigdakcenrﬁmlraMreand a:d&ﬂec;@i eonfigupatiqro 8¢sparctivelyeflathence

f I I Fl t h d t 69 680
oy be. mor eSraias GrBopRRRn ST RIC 1B LB SPeIR 720 Brs B0 Thi <
difference hay Mﬂ%@éﬂédrﬁﬁtu@ﬁﬁm qhfties Hefedi¥d ¥anti %mgtmﬁ%haﬂmﬁ Fi@nd/ or the
size of the cross-sectional profile of the spine

. For exa , the
di stal énd b@),rfhe@ﬁﬂ@% gifide ifd 0dpidaBedsd ombenhiy theapull wie-teade "%aw width 25
WL and a thj I ml portion 840 of the spine 680 may
have a crose&lﬁrﬁﬁﬁ ?"%r’]@’?hg&@pf% a thickness T2. In the enbodi nent
shown, the {00} sAsaituSHl alvbvl WithtespectitslFIGS. 17% addst7B, teedigtairendon 690
and the thickness Tl is narrow in the distal end portlon 690, and the

_cross- sectP@Han 630 of fheygring Gk may bermade opp Samipl HoFHaRSAMEHPYUnd t he
e e R N

along with ori as s causes. the distal
end porl0i ord@i&OpuﬁnohlﬁéO ofiiheeafitdet 500 tveonfomh the eatheterfbaglyi tbidtiairyat han t he
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strai ght ccm;.a@w@'irmﬂpm%oﬁa@sfsh%%qﬁ qusfnsnraafdms eFIGCt8Aghy. I n the
straight conhfiguration shown in FIG , wire tendon 720 does not
pul | on t hespig 680rist shown with Gopre-shapes meﬂt@‘é:ﬁlﬁ‘&\l\ldﬁﬁm@]ﬂﬂawfb'ﬁ dhown in
FIG 5 14, t het Q

tendon 720 FIGG BB fipind 263 Z0Runiutrr prebEendd sBfRheR K eltive oy e

with respeqio r@ﬂu&h@ﬁno%ﬁaeﬂﬂdfﬂn@pult\hﬁe@bﬁdoﬁ 7Z0dia thérsmdercoﬁﬂel of the spine
680 may be a bi-nmetal or sh@ge menory_all gy SVMA") material to

enabl e pr e-Beehanign d60tmay cavsrthe cafhiptes gpids 610 apd aﬁlsgab?nq)eﬁalfﬂpaﬁ%m of
the cathet f 200,81t ¥V Bslfne 8 P16 SREpOPL F¥nfidurafid R bP atraight

configuration.
[101] With reference to FIGS. 15 and 16, an aliernative 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] iIn FIG. 16, a distal portion of the catheter guide 845 extends distally
beyond an end of the catheter body to define a guide ieader 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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desired linear profile. Exanples of pre-shaped configurations qu
cat heter waeslR74480 i n application are shown in FIGS. 18Apafidy g‘ ng
18A, the spine 680 is shown with a pre-shaped countercl ockw se hook or
curve. In FIG 183, the spine 680 is shown with a pre-shaped cl ockw se
hook or curve. 15 Longitudinal novenent of the pull wire tendon 720 via the

slide control , .mechani sm.7/5 r 0 and di st al
end porti o %‘é?}e"ewe ﬁ@dég‘ﬁaﬁ%gﬁgg%ﬁ%ﬁ t}gg@?%ggfh%r%aqgﬁfégg aiconf i guration
or a strai Merné?tﬁ:@:iy%ﬁingﬂﬂLoHﬂbl@uMétlbadafmmyweoadjuﬁSblemohnd 16, an
alternative enbodi nent of a 20 catheter guide 845 is shown. In this

enbodi ment oncadhe denicedlength Wis salieved,@ sliflescomral| MaYP&r body 850

t hat surr oy a | 740 al ong
most or al I© Cg‘fedatﬂg) g‘gﬁ'@?ﬁe épﬁfeﬁgé&gﬁﬁgﬁl'ﬁgg{ k%g@@ An\clia sta gﬁ{ll on 860 of
the el opgakathdinfent e goideeaders8sPasanength Lccnfcmpre)amatelm a/mre the spine
680 and the pull wire tendon 720 25 are exposed. The el ongated tubul ar body

850d| ncl ud6sNBMetasdl ar | unen 870 that the spine 680 and the pull wire
t endon 740 ‘ ¢
Lﬁﬁ] @ﬂgb@f%ﬁgﬂsthg o aelat]bpgﬁl?@ 843§is &e‘é't@te%.ltal:ﬂeh goftiodf aridne

catheter g eyond an end of the catheter body to
define a gebdct wéttidhe 88Face dhthel Im:gwessel oThe atragmatic digfadléy 7680 may be

vari ed dependj I 30 I h

ol ative | aoshodng et (el elia AREnRa BaohRe b8 Wit Hih ™
atraungy i Crdde Eor%[ks-la? uﬁbftﬁémhb%:ibm@%@tmeéataétea@m s4Behabiekdr t he
cat heter 500. Th eng of the guide | eader 880 can be 24 WD 03/047448

10 MAY 2006 fleck cmﬂfgrramme ponfaut of thierkasyavessel theretyusestyingHbe nanuf act ur e
o be 5o BBl Ghn et 305 P lbrehl ok Ao st B acer 000
control negnaeRaBrabs d@meté.ogmgé s msmntwuuﬁa teliutreh éaﬁethel disgih L from
varying. In an exenplary i ment, the gujde |ea a length L
of appr oxi Rattiens4) Of:'@ﬁtqaﬂﬁtéf 500 p@@fafmﬁrtoam n%[tgrgﬂle gfthe Gaﬂ}%? ler gui de
33235 éjsﬁgu@% iﬁ ﬁiﬂ Pl lﬁ%%dc{&{ﬁpﬁ}%sﬁ&%@@th@éﬂéuﬁ%éﬁﬂ 780 ef fle t he body
catheter guide 845 provides further steering capability to the catheter guide
845. Manipulation of the spine 680 and the pull wire tendon 720 individually
or in pair (either distally or proximally) at the slide control mechanism 750
: provides further changes in the shape of the catheter guide 845 (and
20 therefore the distal portion 540 of the catheter 500) and in directional
| steering. Thus, in addition to providing pre-shaping to the deflectable
catheter guide 845 (and, therefore, the distal portion 540 of the catheter 500),
the catheter 100 offers substantial capabilities and versatility within the body
vessel.
25 [104] Optionally, one or mare intracardiac electrocardiogram (*ECG”)
elecirodes 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 fo provide bidirectional
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anchors the catheter 500 (and helical antenna 530) to the body1(y%q# %g()@
10 reducewwvo o33d4s449f puncture. The flexibility of the cat hedcaruspsmsse 8
enables it to flex to conformto the contour of the body vessel thereby
securing the ablation pathway for the radio-frequency or m crowave antenna
530. Wth the deflectable catheter guide 845 di sposed within the |unmen

520, the di : [Welal . : r f wthe | i near
profil e of ﬁfeélcgg{?%ré%te%}' %ﬁfgdjelﬁ%gggwll@ %d?ﬁg\am%pt’gﬁ%r%%“@% attached to
t he atr aungendons P300M®Mmaye slidabhedisposad dithBYé&opgated desddrugioioves st eeri ng
capability to the. catheter i de. 845. Mapj i on ,of the i ne 680 and
thg P:.I| : \%9@1 W&%Jr?"ﬁ?@?iﬂi‘%gbli?WUQﬁPQdo'?ﬁ %ﬁu%gé icna(yet?e[ ?@”rﬁig‘i ally or .
proxi el | Y)gtturhdtfc fip 070, THE!dRHe mmﬁoi?ﬁ)eﬁ&mﬂ@@olé upirieeg2¢changes i n

the shape o e catheter guide 845 therefore the distal portion
540 of Bhe exdetmingthsegjority of ihe léngticef tbealpine P#8@ndg flatilexible apiagdi tion to

i di - shapi tQq th f t het i de .
Phor ef or o, "4 uaf Brclsdiam g gateias Oomer U5 pamesd gy iSabR3olf 0 e 100
of f ers subshandisell peARMYthe sReDUE., VRIS bl fidtidleWpind 910 Badiwsly  vessel . 25
[ 104] Optionally, one or nore intracardi ac el ectrocardi ogram ("ECG')

el ect r odes Shaped semidiexdile spingro2R may be:faemed wf anyof ig aterigds t o support

col l ection gf .i. e 2 G tAd ' het Ois
depl oyed. " ErGHPOQPBRYS Ktdne Soelds Eha A SRR OfcAbiRal e 007
cat het ¢0 gunateriaR0@.gv irfetdls dhalgatre) Baitadlef foe e applivation deswibdd now be
descri bed. The cat heter 30 gui

descri bed Awheia, Fyeximalendsof hqapeﬁ?l?gluéieﬁ%% 359} %&%%%;ﬁé&dgﬁbggi t7 éo

i de 000 T Sea metanis i eon Iy ey iEnt B Bt wilspyeshact e

PCT/ US02/ 32386946 and themrepdefiotioniaidha tathetern gréde 980w t hin a | umen 950.

endon gr o6V 18865, 2ratin e SHegnptBLEchEREn BRignySs50e W30 rmy be

secur eqls t 0 o fiyfird fBHdofs 193D 18 PRl ohNfieHalenatDtip DPOUTRR &dideedhs @ginef | exi bl e

spi ne 920 extending the nmajority of the length of the spine 915 and a

flat flexi 916 topend orgiaflechiatthe girestien df the tendppt2I0. Similedy agtuatian shaped

sem -l exi %lf %eS&%dqeecc?nthol 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 defiection control
have been described, the catheter guide 900 may be configured for
deflection control in other numbers of directions (e.g., tridirectional deflection
conirol, 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
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in a distal portion of the spine 915. The flat flexible spine ﬂé qdzbb%
shaped sewo #3448l e spine 920 may be forned of any of thq»dmggﬁ,{;-mﬁis
descri bed above for the spine 680 and all other materials or conbinations
of 10 materials (e.g., netals, polyners) suitable for the application
described herein. Proximal ends of the pull wire tendons 930, 940 nmay be

o (260 1 g A Uy TR P A8 6 Rl Pl

Wi re tendors ence, I'on 0 eter guide 900.
[106] |In uspotaisishs perfofmed i Biei shor @it Aacondiegiy iherpresgntdavesdioone of t he
15 pull wire tendons 930 tQ pull on the atraupatic tip,970. This. causes the
spihe 915 substawalacermplties theRisadie o theMosp RrAESIHER b ACBHing
Simlarly, 1At : . j s 1 i [ Ceee t he
opposite pu ﬂ'r\ym}?érderq%él?lﬁ%‘r?émgﬂgﬂegﬁpul I Fgﬁé? @%&ﬁﬂgﬁ%“ C e?,:e;éhgm ién t he
opposi t & diaspetiseand adratitages obihe! indaftioaovill ecome apparent frore teat het er gui de

900 gi t hysj ci, 20 . | of - the. fi ti f the dist
por t Lonof RIUAB HRETBA deReriNBos A ang dosB PRI INEUAPERES Wbt ol and.
bi directiomﬁlstrgfébw 'y%Té@mdﬁlékhefaévﬁeaeﬁ%éiﬁﬁ@hﬁsﬁ.d, the catheter guide

900 may be configured for - deflection control in other nunbers of
di r ect i ons [{@8]g It willliecieaddy appatent b theseiskilleddn e art that stilhfurtber [ 107] From

t he above descripti [ e i j.on not only
i fectivel pigaee abd adficafordRHE Bbbl Bndebfs ReFa Rl nARAT | N

preci sign péafig B incele With@tldepaftihgtfedh ehe sphit badiszopa of tesinventian med in
the prior art), but also provides substantial navigational capabilities for

depl oynent agfdefireddryttbadall®@od\faimien t he body vessel. The present invention
30 conveniently places the radi o-frequency antenna 530 al ong the | ocus of a
catheter guide that defines the tissue ablation pathway. At the sane tine,
the present invention ensures a continuous abl ation pathway and 26 WD

03/ 047448 10 MAY 2006 PCT/ US02/ 37886 substantially reduces the risk of

el ectrical inpulse | eakage between ablated spots (as was perfornmed in the
prior art). Accordingly, the present invention substantially acconplishes
the objective of the Maze procedure in achieving curvilinear |esions

wi t hout the need for open-heart surgery. These and ot her
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S aspects and advantages of the invention w |l becone apparentqd nAVt 9608
fol | ow ngwardsasbae description, and the acconpanyi ng dr awpggaisenbsised
illustrate by way of exanple the features of the invention. [108] It wll
be readily apparent to those skilled in the art that still further changes
and nodifications in the actual concepts described herein can 10 readily be

made w t ho -H&{- romthe spirit and scope of the invention as
defi ned by%%?{%gtp%ﬂow n'fgs' clainms. 27 10 M WD 03/047448 PCT/U 2/ 7 86 2006

What is cl ai.med Ashagealfle shapimdraadiofigduengaanteada appaedquefor nbiatingnna

apparatus for ablating biological tissue within the body vessel of a
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and an 5 el ongafyed | 3, ' Ly & =1 igned conductors
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claim g further incloggirignisativrewihérsieingieindeottepBoaxiaiiybalignedr ri ed by the
fl exi bl e shapeabl e curvilinear radio-frequency antenna_adaptable to take a

pre-shaped menory cofenduetars, die fiexkle shapeahle cupdiingar FrRdiRrgaVSR Yeber

operatively associ at ] < ?dﬂeé 4 LOon | or

regul ating the defl e%tﬂlt<%cl)'\4rr11 rc}?éésbg‘i‘*ﬁég? E&%ﬁ%&g d*esﬁtﬁ'{e‘(’:%ﬁgggﬁﬁbcg:, wher ei n at
| east one of the preenbayddrdbkting biclyicaltiskiey amch dhapeabde beineaenan

regul ati ng nenber con for chapgi the c f the

f1exibl e shapeabl e’ c&if%i%h"lt & 3 louralanand: %I&G@H'@?aéﬁ? OK;H‘I&&%"%} Sreating a
15 curvilinear ablation pattern in biological tissue within the body
vessel of a patient.
2. The antenna apparatus of claim 1, further including a pre-shaped deflection
- member carried by the flexible shapeable curvilinear radio-frequency
antenna adaptable to take a pre-shaped memory configuration, and a
20 deflection regulating member operatively associated with the pre-shaped
' deflection member for regulating the deflection of said pre-shaped
deflection member, wherein at least one of the pre-shaped defiection
member and the deflection regulating member controilable 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 reguiating
B member is an elongated, rigid member longitudinally adjacent to the pre-
shaped deflection member in the elongated lumen.
28



25 between a straight configuration and a pre-shaped menmory cufyiphA 06
conf i gur akigois/o4ds The ant enna apparatus of claim 2, wher eipgritvez/prses shaped
defl ection nenber is an elongated, flexible spine nade of a shape-nenory
alloy and longitudinally disposed in the elongated |unen. 30 4. The
antenna apparatus of clains 1 or 2, wherein the deflection regulating

Chaped dof It B P aRneRatis BY ARG or kBl o WhBlepl of fBEG b e ) P"
03/ 047448 PCTptelsRgpey d8fedtion hMembet and theé defidobn segdlatimty metnber ds ms 2-4,
wherein at | east one of the E)re shaped. defl ection rrenber and .t he

defl ection refifvableigr feanging Cfi’ﬂf@é!fﬁt@“fq;ith%ﬂ@?@?ﬁ&“ﬂ eag @didgur ati on of
the fl bl h
conti gur ati on SIS R tofoch £ kEvecARLfRlon ARY R ShaplD ST 1y

ant ennasappar mamowfcunhimmréonﬁgwaﬁm*r including a fluid pressure source

and the deflection re ulatln Iuld ess within the el ongated
| unen from&nhdh Fl%rﬁt‘ﬂ"%r ?” BH gu%&?ﬁ‘f@éo&f C®ny of

claim L0, T Hhd R defet b'r‘i’ké% r@fﬁnbﬁfbbﬁ@ ffuid éﬁéséaﬁéw&ﬁh HéleRg8teapos ed

wi thin the el ongate men 4 m nati1 ng di of a distal end of the
catheter to dh]ﬁmerefrantth@ﬂmglpre‘.?smblsauroan pat hway. 8 The ant enna appar at us

f cl di st.al d
"ncl udes. aif-ad RS arierparPRiatds of Sy of el L en e i dbfo 8 cEcashe,, o5
wher ei aot he dghthefrghide oﬁ@écfs%u%tmdﬁn@elbdga@aum@ﬁaddszérmuhat;ﬁgmgnalwne di st al

opening to define a gw de | eader. he antenna_ apparatus of claim9,

wherein the ggﬁajdlstai@aélofﬂwscaihe’@aimaeﬂrge abjolpgicah pblatiengethwayt. The ant enna

engt . 20 21! MpEeine AnfaRils b Sp 7, Frki Ble ARE BorllRFME T O 0%

defl ectabl e Q@ﬂléméiﬁécgthsﬂ@r@memlu@éﬁanatnaﬁmaesnpal ong at Ieast part of

its length. 13. The antenna apparatus of apy of cl erei n the
def | ect abl &- c hhdanianng@pgaratus Phelaings moF Bs\@!Eg@"bthq 3%{“9 féal?' §Ti dabl y
di sposg# guide extends distally from the distal opening to define a guide leader.

10. The antenna apparatus of claim 9, wherein the guide [eader 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 ié adaptable to receive and transmit microwave energy at a
frequency greater than 300 Megaheriz.

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



within the catheter lumen for deflecting the catheter guide. 2fnMAY™606
ant enna apgeslsmgof any of clains 1-13, wherein the radi echneqysiey
antenna i s adaptable to reckeive and transmt nicrowave energy at a
frequency greater than 300 Megahertz. | 5. A nethod of ablating biological
tissue wthin the body vessel of a patient, conprising the steps of. 30 a)
provi di ng a shapea [ ',mﬂj hfr for
abl ati ng bi ol ogi calt&%aﬁ%tl[jyémvc\:n! t hi nagﬂﬁgb%oé }ﬁ‘\g/tggggﬁyy @Pﬁ@%gﬁﬁﬁbﬁm
shapeabl e curvi | i nend ameloogated dureanyinaer anchaueocadxialialigned WO 03/ 047448

PCTI US02/ 37886 appay L ncl.udi.n flexible catheter.hody jncluding a

di stal portion an?ogﬁﬂét%sn%?%chngﬁgm t%p,ﬁ%g}et%rn@cggﬂaé?aqw@hgﬁqq}e% i gned
conduct ors ext endi nghvé fidkitile shapeatid elifilinRBArcidirealeyidntbiies 4R and a
fl exi bl e, shapeabl e curvilinear radi o-frequenc%eiant enna‘carried 5 by the

distal portion of tiydhedisialpodionefibe dexibledsatietar bedwand i ¢lectrical

comruni cation wth i f. i al aligned conductqors, the
fl exi bl e shapeabl e c%ﬁﬁ%ﬂ?%@é‘%&aﬁédﬁ[ﬁ?é%@%@?} éﬁ’@ﬂﬁ’?ﬁgﬂﬁ‘gFa%ﬁ?@?°§o
receive and transnite flexible shapsaisie cundireagyadiofreghéndy Atemph@apteble tissue
and shapeabl e between a, st r@i ht confjguration and a 10 curvilinear

configuration for &9 EREEMER fif raqicrfreawenay energafar eblating bidlegicalgi cal
Lissue wihin the hedie 48P SfipsabichlttlbeR Y sirdidntdBhliyfation hs, Shapeabl e

curvilinear radio-frequency antenna appar a{ to a’tar gePe body tissue
abl ati d@ site withcunilineabeahfigurationdbr aatingatcueriineat abkation pattginmig t he

configuration of the flexible curvilipear radio-freguency antenna froma
straight configura 10699’?%“?;18%‘@&'@%5%%80&%%' of@patieNthear configuration so

that the fl exibl | ; ' hacent to the
19 Qé!liwa'rlh% ;ﬂ?@éhé%;ﬁb?e lciuﬁﬂﬁiéﬁ?ﬁéédaﬁ-g%gntaﬁcsysén@ﬁhé

body tissue to be ablate and ablating t body 'tissue using the

fl exi bl e shapeabl eapparaiusita@targeted bady tissuesthiatimysiterwithindhe bédy The net hod
of claim 15, wherej bl e curvilinear radio-frequency antenna
apparatus further {lléngcﬁteﬂgfeiggﬁj 'e- shaped defl ecti on nenber

15 ¢) 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 fo a pre-shaped memory curvilinear configuration so that the

30



carried by the flexible curvilinear radio-frequency antenna a

take a pwoemapad curvilinear nenory configuration, a deﬁknnﬁﬁ%h%&?ezogs
regul ati ng 25 nmenber operatively associated with the pre-shaped defl ection
menber for regulating the deflection of said pre-shaped deflection nenber,
and changing the configuration of the flexible curvilinear radio-frequency

ant enna i ncl udsxitsie elifdlinebNgadis-fré§@sicyQiteia ishRljdiept R RBSbdJEEL@S td ON

menber and the defl ection regul ati ng nenber to change the configuration 30
of the flexiblkeaplAtad. i near radi o-frequency antenna from a strai ght

configurati cCHrvi | r.conti i S hat the
30 10 vy 2008 BB IARET MRS et fRBaSREck AN FlerRiyrS oh

r adi o-frequencatongﬂtedr@eﬂilﬂe%ﬁjmﬂaﬂematé‘r%ﬁmdmridr?&“@yhﬁd be abl ated. 17.
The nethod of ,claim.1 r‘Fﬁlnerelrg t he pre-shaped defl ection nmenber is an

el ongat e, fl é?'?%i@"%%‘y SRASES 'Bﬂh%e&fﬁﬁﬁéedr&mw alloy and 5 longitudinally
di sposed in : : : | : wher ei n
t he defl ect?%'ﬂq]reg'g%pgﬁ ﬁgdérlr!e ero}?g’ \éﬁgr&r@frﬂgégq%g%&ﬁ %".QQF" rtréﬁbngérmﬁgr

| ongi t udi nal | ys adjekn"@athed, dgidhagmberf imait a?inafgeéﬁjacémtmtheapf@%m hapedt he .

el ongated | ung 9. The net an clains 16-18, erein controlling
at |east one ggﬂ?%t!_p.n TB“}?P&"&%Q&@%Q?&%/@ E@‘Ffbn nenber and the deflection
regul ating T@mpermethd ofdey JTRKIRG ﬁ-wﬁﬁﬁérem‘eorﬁg[%t%&t %h%l%%e

defl ection menber and the “deflection regulating or changing the
conf i gdPat i onpeg-shared defacior matoler arichibardefladiian fegatptingeyeraberenna from a

straight confj i . - _shaped nepory copfiguratipon. 15 .20. The

net hod of cl a!@% @BV'&Q??P%F?%$°€‘%8|HESTSHGP§C'Pﬁﬁ?%%am%@ﬁ?%a%‘im%e and

the defl ecti odeflegiohatynlgtingmesbardorl hendiny Beddhfigivatibn Bf thaqlexisiagat ed

| umen fromthe fluid pressure source, and control I(légg at | east one of the
g

pre- shaped de¥viiRerpmdinsfrediencyanternaiema sirajght wiating @ fser i ncl udes
suppl yi ng theggd ﬁ‘%ﬁ%@%&ﬁ fluid pressure fromthe fluid pressure
e tonfIrgura

20 source to change t 'on of the flexible curvilinear
radi o- 16eq@dnThe naesthed ohcihingsr @ os 17 Afugthter inehidirgya Atidpredsure sbedimped

merory * confi &%rc?éde%{?én regulating member is fluid pressure within the elongated
iumen from the fiuid 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 fo 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 an_choring the distal end of
31 '



21. The nmethod of any of clainms 16-20, wherein the shapeable C‘HD‘MA’Y”%BDG
radi o- f r espuceeBaM 7A@t enna appar atus includes a defl ectabl e eatingsoeB7sgé!i
di sposed within the el ongated |unen, the catheter guide including a distal
end; and the nethod further including positioning the radio-frequency
antenna of the catheter adjacent to the body tissue to be ablated by

anchoring t he #ssdatletenslisd inthe b@ﬂ&/%&@él igeILdESs AfbHohfg Redytraanaft gnd

r,deflecting the catheter guide so that the radio-frequency antenna of the
30 cat het er |50f56?§@mert£’¢“deﬁﬁtm59dyvgm to be abl ated. 22 The met hod of

I 21, t f t d
Chal Utes. an23; The mictfiolioP ERImER i Hnerlf 118 defBkBblercatipteP §lle %1y Ve
03/ 047448 PCT/d)t€Rds digtH§ fidkd &h @arkll’i@f tﬁ@fdaﬁ’ieﬁér Wsﬂl@ défmb"@gb!@léMeé{@éﬁe'

i ncl udes anchorqu%che atraunatic ti of the catheter guide in the body

vessel . 23. TrRWhERfesing thagatheisr gwdsrmquew@‘le&nng ghleagihpaiidebl e cat het er
gui de extendg %yr%t ally froman end of the catheter body to define a guide
| eader, 5 an [ecting the catheter guide includes deflecting at |east

the gui de Péabee meldod Fhanyneftchehthsd1-28wisdrelrl thendeflettable catheteriguidéde
ui.de futher c pull wire tendon slidably

defl ectable c ter

di sposed wit hﬁ‘r\'qﬁ f@%ﬁ?@aﬁ' B Wﬂ'ﬁéﬁnggﬁél'iﬁﬁyg&ﬁoﬁ W\t@'rbﬁ‘lenet er gw de
dofl oct . 25, | oTEBHlume A derlcethglh %"ﬁ@*?@““@i?";?"n Shg MO oer
has a 1®anual Wfﬁa@hdem&bmﬂedhgcathwtgwd@tomﬂmﬂ furt her i ncI udes manual |y

ool do. 19 25 TR Methdtlof 4 dliEe o8 anaehfhe s Bade Sl e T eader
has a pr edet efdnuEg sdiuedablb RsHth, ar?citheTﬁ@ﬂfa%IMepfncmésqﬁaﬁua (ﬂs 15- 26,

wherein the radio- frequenci/]_éantenna is adaptable to receive an ransmt

ni crowave ehePgipsting dhe lengtlvatie gideleader beforeaeiinetingibetcatheter 32
guide,

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