APPARATUS, SYSTEMS, AND METHODS FOR ACHI EVI NG | NTRAVASCULAR,

THERMALLY- | NDUCED RENAL NEUROMODULATI ON REFERENCE TO RELATED APPLI CATI ONS

[ 0001] Thwopnwwest7sappl i cation clains the benefit of thecalskasiosgs3pendi ng
applications: [0002] (a) U S. Provisional Patent Application No. 61/142,1
28, filed on Decenber 3 1, 2008; [0003] (b) U S. Patent Application No.

12/ 495,691 , filed on June 30, 2009; [0004] (O U.S. Patent Application No.

12/ 545, 648, fil APPARADGSsSYBTEME0ARD MEOGHD DS ORUACHERVINGL ent
Application No. 091 67937.3, filed Auqust 14,  2009; E%OOG] (e) European

Patent Appl i cati on INGRAYASGHLAR, THERMALL YA ED) ; and [0007] (f)

Eur opean Pat ent Application A | ed August 19, 20009.
TECHNI CAL FI ELD [ 0008] The tmEnlg%(%\?@? |@gl)\lsed in the present

application generally relate to apparatus, systens, and nethods for
i ntravascul ar neuronodul ati on. More particularly, the technol ogies

di scl osed herein relate to apparatus, systens, and nethods for achieving
i nt ravad%EFEREh@EITQIRMﬁﬂSMmd@AW@ Shermal heating. BACKGROUND [ 0009]
Hypertensi on, heart failure and chronic kidney disease represent a

conai t1 dRBOARC dbeneRehstl AP EGh a5 adhe b e ARbRR BenbliEs

approachgsplichesiy:te this variety of treatnment options the rates of control
of bl ood pressure and 57856-8021 W00/ LEGAL1 7467783 1lthe therapeutic

ef f orts rpgoP[ evens) Pr RYSESPIRisiGha N Ftént! Ei%dtﬁﬁﬁti@rﬂdNBhBPMhQ,1|§8qnﬁbéddiqﬁease

and their sequel ae remai n unsati sfactory. ough the reasons for this

si t uat i dPecareberadl,f2108; and i ncl ude i ssues of non-conpliance with prescribed
t herapy, heterogeneity in responses both in terns of efficacy and adverse
event pr[0008k, artb) ot hkBsPatdntiAppticatimnNot hat498l6%r, Hikdd ge Japeidon2089e
required to supplenent the current

[0004] (c) U.S. Patent Application No. 12/545,648, filed on August 21, 2009;
[0005] (d) European Patent Application No. 09167937.3, filed August 14,
2009;

[0006] (e) European Patent Application No. 09168202.1, filed August 19,
2009; and

[0007] (f) European Patent Application No. 09168204.7, filed August 19,
2009.

TECHNICAL FIELD

[0008] The technologies disclosed in the present application generally relate to
apparatus, systems, and methods for intravascular neuromodulation. More
particularly, the technologies disclosed herein relate to apparatus, systems, and

methods for achieving intravascular renal neuromodulation via thermal heating.
BACKGROUND

[0009] Hypertension, heart failure and chronic kidney disease represent a
significant and growing global health issue. Current therapies for these conditions
include non-pharmacological, pharmacological and device-based approaches.

Despite this variety of treatment options the rates of control of blood pressure and
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t herapeutic treatnent regines for these conditions. [0010] Reduction of
synpat hetic renal nerve activity (e.g., via denervation), can reverse these
processeswoAntv@sl7sl nc., of Palo Alto, CA, has di scover @dTiusawvamsgher gy
field, including and conprising an electric field, can initiate renal

neur onodul ati on via denervation caused by irreversible electroporation,

el ect r ofthgi BraptRliet OFdres tHeFEASHtSprogpéiom bl hdwt f@ilurel 4k @hraiic kidneg
alteration of gene expression or another suitable nodality. SUMVARY L 01 1]
The fol |H5#3R¢ a0fmAey seduslar ira@@int snsatigfasionsf i Althauahhihe eerransofarythisand
IS not iy i ' . lLgation
provi desﬁgjgggﬁg{%&ér{éfﬂq gbréi%acﬂ%&%t% ﬁgégfb gp?dé\gnl evicﬁémﬁhéie%ﬁ%q ﬂgeg’é?gd

renal nehsterogankay i nedponses roptiade térats af efficacy [2001a]vetye easpeprofitd, dride
pr esent aﬁgl [ ca_tiong&;{ovi des appar at uses, systens, and nethods that
i ncor porQifersa it [Beifideit thab @& e AW RIMTIONS AT eAUH RE PR RRIPENT Hlfe ClIBRgat ed

shal U1 38} riaibaRABH UYIRLs 1 figbé KBRaRohber mal heating el enent to a

renal artery via an intravascular path 't Includes a fenoral artery, an

erve aiPPLat RachEHPRAr SyriRaGlecRiRERCNE MR 43 T RRARL AR

di f f er entietsediheBet proaessds.t rgdlansilae., ofoPdlbgAitGt CAn hazndistbedradi atk an
properties for (i) percutaneous introduction into a fenoral artery through
a smal | -eNesgvt 8eldacieduding t and(jcompiisingingni €lgsds afjelds heatiginiti#ie” tePdous

intrava -t hr ough ' ar it o a, |
respect ﬁ@r%ﬂ%@'&’ht 9§naIO%§reHedrt@ﬁ i ﬁ%ﬁ%é(dq ngw(i i'%@%’%%%dgﬁ?%%%&

si gni fi cettréfusion epaptdsis necosisprakddtidmethieerhtl raitglhdtione rederatidre of egenend
aorta tg%gqai n.entry into the resg(;:c_tive left or right renal artery; (iv)
accommodTreRFIXBAE ABPINEH SHitalI§IMYI&KY- defl ection, and/or rotation within
the respective renal artery to attain proximty to and a desired alignnent
w th an gpiRIARY Wal | of the respective renal artery;, and (v) allow ng the
57856- 8021 W00/ LEGAL1 7467783 1 -2-placenent of a thermal heating el ement
into contact wwth tissue on the interior wall in an orientation that

opti m zd804thk actlihedobowingcsuramesy f pronisledior i bérefitiol ghe readarton\BRINEF

. : . i 0. ' | il i f
the oyrmSt WG JBAE L) BRFPENS e Wl | HEE Brern comri SLe BY Y
the bodyapparafuBe S\iStems and methods for achieving thermally-induced renal

neuromodulation by intravascular access.

[0012] One aspect of the present application provides apparatuses, systems,
and methods that incorporate a treatment device comprising an elongated shatft.
The elongated shaft is sized and configured to deliver a thermal heating element to
a renal artery via an intravascular path that includes a femoral artery, an iliac artery,
and the aorta. Different sections of the elongated shaft serve different mechanical
functions when in use. The sections are differentiated in terms of their size,
configuration, and mechanical properties for (i) percutaneous introduction into a
femoral artery through a small-diameter access site; (ii) atraumatic passage through
the tortuous intravascular path through an iliac artery, into the aorta, and into a
respective left/right renal artery, including (iii) accommodating significant flexure at
the junction of the left/right renal arteries and aorta to gain entry into the respective
left or right renal artery; (iv) accommodating controlled translation, deflection, and/or
rotation within the respective renal artery to attain proximity to and a desired
alignment with an interior wall of the respective renal artery; and (v) allowing the
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[0014] Fig. 2 is an enlarged anatom c view of nerves innervating a |left

ki dney to formthe renal plexus surrounding the |eft renal artery. [0015]
Fi gs. 3Aw0aoBB7pr76vi de anat om ¢ and conceptual views ofPCa/usarmai64364ly,
respectively, depicting neural efferent and afferent conmmuni cation between
the brain and ki dneys [0016] Figs. 4A and 4B are, respectively, anatomc
vi ews ofpladement €a eeraal neansy 8levestuhtat dorgactabitratissuson tHdMadorfwal ind i1s

a perspective view of a system for_ achieving intravascul ar,

t her nal 13/ PrieRfatien thai ArtindzeoifsHrltye Brfacestpaiod thyythermeb headng elgmede and
a generator. [0018] Figs. 6A to6D are anatom c views of the intravascul ar
del i ver Erstc; (ALY NeSodi ments of the treatment device
shown |%B%|F%fb t eloﬁl}gﬁmt@gaﬁgmraﬁwe{rtery and into a renal artery. [0019]
Figs. 7Ato 7D are a series of views of the elongated shaft of the

t r eat rerf00d8)i ce Fdrotnisi @ dangephuyal sthasiratignt ok thk fsiyargathetice cbamusabysiach
functional t.egi ons that the el ongated shaft i ncor, a [0020] Fig. 7E
shows aﬁgmt%moréo‘(‘/itﬂé\%%@'ntcﬂg‘rB'i"%E@li?éﬁ’i"nb;het@%Y'ggﬁﬁéﬁsdevi ce shown in
Fig. 5 within the dinensions of the renal artery. [0021] Figs. 8A to 8C
show t hd0Bl4kenedi9.o? is:21 Relaia¢d ABAIAMG Véew PEAETVaRHNBANVaEng & IEftdddngy the
i st Gt e Mt AORAN GRS 1 iehitenbr gt Bot dovice shown 1h FLo. S

into contact w ssue al ong enal artery.’[0022] Figs. 9A and 9B show
pl acene the therpml_h ing element shown in Figs. 8A to 8C inta
ont act HPER 1 ' i ot SPe RV BBRlpraca o LoErittal YIS sbie PPatven
to the repgl rebsectielys HRpRtPY2AcEDRoRSALANG 487678 domAnlMORBh be@enl0A
and 10B show a representative enbodi ment of the force transmtting section
of the dhemgainancskidneéysf the treatment device shown in Fig. 5 . [0024]
Figs. 11A to 11C show a representative enbodi mrent of the proxinmal flexure
zone of [0B&6F| ondrageddAtafd 48f ateherespectivetyt arktomie vidvesvof ithe Frtgriab and
[0025] Figs. 12A to, 12D shqw a representative enbodi ment of the
i nter rredfegpésf"laé%lﬁwr%ﬁiag}um% el ongated shaft of the treatnent device
shown in Fig]. 5 . .[0026] Figs. 13A to 13C show alternative enbodi nents of
ate

t he i nt dPRd Fig. 5 is” a perspective view of a system for achieving intravascular,
thermally-induced renal neuromodulation, comprising a treatment device and a
generator.

[0018] Figs. 6A to6D are anatomic views of the intravascular delivery, deflection

and placement of embodiments of the treatment device shown in Fig. 5 through the
femoral artery and into a renal artery.

[0019] Figs. 7A to 7D are a series of views of the elongated shaft of the
treatment device shown in Fig. 5, showing the different mechanical and functional
regions that the elongated shaft incorporates.

[0020] Fig. 7E shows an anatomic view of the placement of the treatment

device shown in Fig. 5 within the dimensions of the renal artery.

[0021] Figs. 8A to 8C show the placement of a thermal heating element, which
is carried at the distal end of the elongated shaft of the treatment device shown in

Fig, 5, into contact with tissue along a renal artery.

[0022] Figs. 9A and 9B show placement of the thermal heating element shown
in Figs. 8A to 8C into contact with tissue along a renal artery and delivery of thermal

treatment to the renal plexus.
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fl exure zone of the elongated shaft of the treatnent device shown in Fig. 5
[0027] Figs. 14A to 14C show alternative enbodi nents of the internedi ate
fl exure 2woeowio7stté el ongated shaft of the treatnent dePcrtasgtoomoizn Fig. 5
[0028] Figs. 15A to 15C show a representative enbodi nent of the distal
fl exure zone of the elongated shaft of the treatnent device shown in Fig. 5

[ 00_29][0523? . 1¥y4.0o13RFasd oM@BNgholwp Ize rébreBentativ € emBbdinentbenhé Jorce
capability of the distal flexure zone corresponding to the el ongated shaft

of the ttransmiEing srelipo©f St alenoated shafof (hedseatnreing sevics shgidn iNSHY show
alternative enbodi nents of the distal flexure zone corresponding to the
el ongat d0024Rft d&figs.helA rteat ershate\a ceprebemiativen dmigodiBrent [@f0BE] pixgval 15 1

d 15J sh I ti t het nbodi t aof t tr. t devi
Shown 1 epCe 28nE ol Bl SbhgSel ATt ngi el eaLde Ofe SBRAPIET I Bn arch wire.
[0032] Figs.. 16A and 16B show a representative enbodi nent of a rotational
control [Qag%ni shigs U etp 18Dhevhanapesgatadive gmbediment of &g indeimediatece

shown i”fle':xgge z8ne ohﬁ@ébnﬁéﬁé:s@%ﬁﬂg tﬁe%gﬁp%\%@%ﬂg{vﬂoiﬁﬁrgg' y of the

treat men evice shown I'n W a rotational contr ani sm havi ng
a rotati limting ene and an_actuator. . [0034] Figs, 17A and.17B
show an [Qp?@r nat iFtl .S'ré@r‘e@eﬂ%’gt FS%We .%Bgﬁ%%tergt%?cgﬁ]eht%r?gawgdmé%rg@qdl?t& a

t r eat nerflexdfy L68c bf ke élBAGaMAT oF the SreabmeRn@NIDE SREWADH ¢5g.F. 57856- 8021
W00/ LEGAL1 7467783 1 -4-the different mechanical and functional regions

t hat thqoghgrgat FhShadA ©274CNSREWOA BB ativd Edmbodithts Jcﬁpth%n%t%@fetcﬁ QW

anot her "alternative representative enbodiament of an elongated s or a
t r eat nerftexdex zare bi e ¢lbagatedshafi of the greafimeshdewiog sbaanph &ig.di. t he
di fferent nechanical and functional regions that the el ongated shaft can

i ncor por[@028] [ 00Fgs. Aisgsto 153 showld Irbsleeentatiee ientiadimeat batheddibial @eyure
pl acenent, deflection, rotation, retraction, repositioning and use of a

t r eat merAOngeRfitoe elgngated phaft ohHimireatneny deyice H1oyWhinei@- Pher mal | y- i nduced

renal neuronodul ation fromwithin a renal artery.
[0029] Figs. 15D to 15F show multiple planar views of the bending capability of

the distal flexure zone corresponding to the elongated shaft of the treatment device

shown in Fig. 5.

[0030] Figs. 15G and 15H show alternative embodiments of the distal flexure

zone corresponding to the elongated shaft of the treatment device shown in Fig. 5.

[0031] Figs. 151 and 15J show an alternative catheter embodiment of the
treatment device shown in Fig. 5 comprising an intermediate section comprising an

arch wire.

[0032] Figs. 16A and 16B show a representative embodiment of a rotational
control mechanism coupled to the handle assembly of the treatment device shown in
Fig. 5.

[0033] Figs. 16C and 16D show a handle assembly of the treatment device
shown in Fig. 5 with a rotational control mechanism having a rotational limiting

element and an actuator.

[0034] Figs. 17A and 17B show an alternative representative embodiment of an

elongated shaft for a treatment device like that shown in Fig. 5, showing examples of
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[0037] Figs. 191 to 19K show the circunferential treatnment effect resulting
fromintravascul ar use of a treatnent device, like that shown in Fig. 5.

[ 0038] Fiwo 2081078176Ws an al ternative intravascul ar treaPggrus2epPsBach usi ng
the treatnment device shown in Fig. 5. [0039] Fig. 20 shows an energy
delivery algorithmcorresponding to the energy generator of the system

shown i nhél giffepent [SEHNIdEI Jan@ fLinghioMs s&yieng! theenpenerdriyatéd t dieafs kdnem
and treatnment device shown in Fig. 5 packaged within a single kit. [0041]

Fi gs. 22RACQeOLate show f | uoroscopi ¢ i mages of the treatment device shown in
Fig. 5in multiple treatnment positions within a renal artery of an aninal.
[ 0042] HOG85] 22DFgsl 1B2AEastd8B shaw anodpdrcaliampatie tsforesantatieaempodindent ce

shown in_Fig. 5 i ltipl.e treatnent, positions W thin a.renal _arter

during Pirameioagdlad shahss; arfeatiany &8doe &8 oAt BoBreR 519 afoEheMGand! o
assenbl Yextapfiple§ ©f tHeeaffepart rﬁé&h&rﬂc&%ft}n@ti&ﬁﬂ-re?ion_s[tﬁ@t“tﬂe &bﬁ%at%ﬂ dHafan
expl oded isonetric view of the handl e assenbly of Figure 23. [0045] Fig. 25

is a sid@ncdneeposatet i onal view of the handl e assenmbly of Figure 23.
57856- 8021 W00/ LEGAL1 7467783 1 -5-[0046] Figs. 26A to 26C provide
det ai | eJ08B6E cr ¢3gs.sEA tan@H sheewtheinttdvastaaddelivees g eptabgment, FejiecdoR5,

illustrat| coordinated angul.ar rotation of the actuator . and |inear .

tr ansl arPAOS: "haCERy rrasoanas A foe e HeakTea SSGeToiKF MEBAPOMR Bur o
27 15 a gl & 80 ab iUt thefmiiiicel N LneliraicRlfhien' irBeh Gl a frandl ©
assenbly of Figure 24. [0048]" Fig. 28 is a detailed isonetric view of the
di stal ptaryon of the handl e assenbly body of Fig. 23. [0049] Fig. 29 is a
detail ed, sectioned isonetric view of the distal portion of the handle
assenbl f0OB7Fi g. Figs. TOETAIMOKDsHhE BiFcaiNfdreatal] trésthiem gfeth eegdilting e e
hereof is detailed and exact to enabl hose skil | ng,lgi5n the art to practice

the di sanbRGRAATIG Ul Besimarg Qo s TaSHaMRE:

[0038] Fig. 19L shows an alternative intravascular treatment approach using the

treatment device shown in Fig. 5.

[0039] Fig. 20 shows an energy delivery algorithm corresponding to the energy

generator of the system shown in Fig. 5.

[0040] Fig. 21 shows several components of the system and treatment device

shown in Fig. 5 packaged within a single kit.

[0041] Figs. 22A to 22C show fluoroscopic images of the treatment device

shown in Fig. 5 in multiple treatment positions within a renal artery of an animal.

[0042] Figs. 22D and 22E show fluoroscopic images of the treatment device
shown in Fig. 5 in multiple treatment positions within a renal artery during a human

study.

[0043] Fig. 23 is an isometric view of another handle assembly for the treatment

device shown in Fig. 5.

[0044] Fig. 24 is an exploded isometric view of the handle assembly of Figure
23.
[0045] Fig. 25 is a side cross-sectional view of the handle assembly of Figure
23.
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herein disclosed nmerely exenplify the various aspects of the invention,

whi ch may be enbodied in other specific structure. Wile the preferred
enbodi mrerwohlan/bieen descri bed, the details may be changedTwistévomssdeparti ng
fromthe invention, which is defined by the clains. | . Pertinent Anatony
and Physi ol ogy A The Synpat hetic Nervous System [0051] The Synpathetic

Ner vous [6936EM ( . 26A atob280C bréVidé Nt RAE Croy-¥E6tRndY SAGNS ajfoma Wi t h
the enteric nervous system and gar.asynp.at heti c nervous system It is always
active dtandlearzsemidy epf Fdguneedosysitatiogi €oowtirgtednanadlas metatian ©faths ve
during t cﬁ‘&é:'topgnaﬁiﬁggtstr?llrélgﬁeoﬁbpﬁfe &ﬁﬁé?re?%ti\}eht% tﬂgrh\é%gﬁqué(%eﬁ%lxt he

synpat heti' € nervous System operat €s rough a serres 0O nter connect ed

neur ons. athetic rons, ar requent|y consjdered part of the

por | pheiP4REr 0TS ds SEAl ARt ed: ISOHIRIER e P b HfiaPh ahre clotk ptine
nervous (efieBs$EMiSly-of Pigl@i et i ¢ neurons of the spinal cord (which is part
of the CNS) communi Cate W th peripheral synpathetic neurons via a series of
synpat hghj anglg: a. oWt hj : | | nal - het | S
Toin ponpuRgpa I rid- 2t ¥ ReldSadRaRENT, vl EF ing NP KOREIY 6F e REHGRT
synpat hedssemidybodyg o&F&).2B8er ef ore cal |l ed presynaptic 57856- 8021 WO00/ LEGAL1
7467783 1 -6-(or preganglionic) neurons, while peripheral synpathetic

neur ons [eoggﬁal | g P2 ISy ieRdiledl, 68ttidiast Ban@ti©Niew oNely Bt pbPibr2bf tie
synapses within the synpathetic ganglia, preganglionic synpathetic neurons
r el ease hanslg pesRINPYOT Figcheni cal nessenger that binds and activates

ni cotinic acetyl choline receptors on postganglionic neurons. In response to
this sti , @)ﬁ@ FN € neurons principally rel ease noradrenaline
(norepi nﬂg%wsﬁ'nlze[?. ro?gi;l-'g-jle activation can elicit the rel ease of adrenaline
fromthe adrenal nedulla. [0053] Once rel eased, norepinephrine and

epi nephr[0080pi nd Adithoegkr thiecdiselospteoherenf sedefailed adnd iexactetn eBabtl ftgpseo

physi of GUISCH{PeCt 4D, BRGIG G Biscls GsDaIcBB, A GYbAGeD eRuRHmeRIS,
occas! OftireOdbloddd A} BREABRRANY PARbUY B85S of ItHE IRASRBNSWHREH Rk S

i
al so seen due to binding of cholinergic receptors of the sweat gl ands.
[0054] Treeesbagichiet dihenespeoiiis st Véhireetsopesfeired feonbagimeantias been
dount 9 hBda MY Bd SrdFRARIASTR debeldid ASnPHEARLEon, HrRSH R rom
defined by the claims.

l. Pertinent Anatomy and Physiology

A. The Sympathetic Nervous System

[0051] The Sympathetic Nervous System (SNS) is a branch of the autonomic
nervous system along with the enteric nervous system and parasympathetic nervous
system. It is always active at a basal level (called sympathetic tone) and becomes
more active during times of stress. Like other parts of the nervous system, the
sympathetic nervous system operates through a series of interconnected neurons.
Sympathetic neurons are frequently considered part of the peripheral nervous
system (PNS), although many lie within the central nervous system (CNS).
Sympathetic neurons of the spinal cord (which is part of the CNS) communicate with
peripheral sympathetic neurons via a series of sympathetic ganglia. Within the
ganglia, spinal cord sympathetic neurons join peripheral sympathetic neurons

through synapses. Spinal cord sympathetic neurons are therefore called presynaptic
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I nnervate tissues in al nost every organ system providing at |east sone
regul atory function to things as diverse as pupil dianmeter, gut notility,
and uri naw9Q 20uwqst’s This response i s al so known as synpaCharsaeowansb4
response of the body, as the preganglionic synpathetic fibers that end in
the adrenal nmedulla (but also all other synpathetic fibers) secrete

acetyl chel i peagamiiehicpciérahes whike sgerigHarain Ym@aneial hndeohsparephdéligie)
and to a | esser extent noradrenaline (norepinephrine). Therefore, this

r espons PASHMNARHE £0HPOFHEANGliPNiM NEwEoRSr di ovascul ar system i s nedi at ed
directly via inpulses transmtted through the synpathetic nervous system
and i ndi[0062] y viAd symapses|withimdke syompstketid genglishepragarglioniensyuipaihetjc0055]

Science typically |ooks at the SNS as an automatic requl.ation syste t hat
e, “one NaiEv TS eleasBs SipBlrilens hRmiR RS b ch B P i leg e
evol uti aiigsthié NrRtyIshinel 88&ptoishah pOsigalaITHIO &idFoRer HPUesSorsdeetd apry at ed
in early organisns to maintain survival as the synpathetic nervous system

i s respaisibue pesigpnglienignenwnsdeindesallyaetaase. nomé_r@eéingl(leowpimeﬂmm).i m Ing
i h s dITRERZDEISA St Bfitl e %%%éﬁ%@%ﬁ%%@ﬁ@%%%%@%@@ﬁEef’$?11
The S i i 056], As in Fig. .1, NS pr.oyi

o net vaB0Bfh: i 1HRPYh! HOTSP RGN o408 PITFANERoRIgY SPemRrag: | ¢
nerves GgLghtord Bni pEHRraiNgsses! Biidhg & bHBher§RWatEpidhs cBLEES @ durbhs!

spinal cord in the internmediolateral cell colufim (or lateral horn),
begi nni pdatharmengl rrespomgs.adhe pbygsielogiofmaniécsiptions itcdude apupibradatibought

to extend to taeﬁgsecrond or thir Iur.rbnar sedgmants. g?e]\caélse its CF| Irs bgjgi n
in the tREEAEPE NERY TalRRGCasinel YOG, Adsincregsed 1A0d PressiiR [NEreasss t o
have a tfhisAreliyERy seat dLew biveMipoéhdliRerfic Redersrs! srame shieat gringgl cord

through the anterior rootlet/root. They pass near the spinal (sensory)

gangl i Oggprg{i'f’r ety sgﬁ{p%'ihétfée ndRidels! %f/st%ﬁfmis OrfesEBﬁsiB@ 8l URET M&S - adipyever .,

unl i ke c innervatiron, they quicklfy separate out through white ram
connect aegulating mamy heoteostatichmeehamemst indivirey argantisehs.alFiberghfroin theeSN&ar

the vertebral colum). or, prevertebral ich lie near, the aortic

bi U oati QT A BTIED EHIENER oyl ) Uslerl BTG eoledih SO S0RBLIAYor der

to reachyphfiford & #BigLEI}NErdd GsPuidGiamichsr, Jue AsotMs tankl @viry lemsutdiTaisances

i n the body, and, t0 acconplish this, many axons réelay their  nmessage
response is also known as sympatho-adrenal response of the body, as the
preganglionic sympathetic fibers that end in the adrenal medulla (but also all other
sympathetic fibers) secrete acetylcholine, which activates the secretion of adrenaline
(epinephrine) and to a lesser extent noradrenaline (norepinephrine). Therefore, this
response that acts primarily on the cardiovascular system is mediated directly via
impulses transmitted through the sympathetic nervous system and indirectly via

catecholamines secreted from the adrenal medulla.

[0055] Science typically looks at the SNS as an automatic regulation system,
that is, one that operates without the intervention of conscious thought. Some
evolutionary theorists suggest that the sympathetic nervous system operated in early
organisms to maintain survival as the sympathetic nervous system is responsible for
priming the body for action. One example of this priming is in the moments before
waking, in which sympathetic outflow spontaneously increases in preparation for

action.
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to a second cell through synaptic transm ssion. The ends of the axons link
across a space, the synapse, to the dendrites of the second cell. The first
cell (thewpresynispsic cell) sends a neurotransmtter acPeIaISLeve/06%83apt 1 C
cleft where it activates the second cell (the postsynaptic cell). The
message is then carried to the final destination. [0058] In the SNS and

ot her conponents 10f tiine $@hphivetiaICHie vous system these synapses are made
at sites called ganglia. The cell that sends its fiber is called a
pregangl[o0s6F celds shdud I:ip.e1 cild SMBQSBvideB el ndiadYR of hBR/c8ansl alwd the

call ed a postganglionic cell. As nentioned previously, the preganglionic
cel | s ofbraife tENSramMeNicateit with deeweedy.t h&ympashetich deasse o(iginaje segjaentheand

thet v colrengel alu iR ERIA. fin PSR ORe ST oo BbaBe Ppifasrg A8 o,
gl ands. dd\@aA](of heteasineirh bathnidg dtothej fist tHdracisysaphést bty spikal bodd al so

the cervical ganglia (superior, mddle and inferior), which sends
synpat heindaifeinpeght eexteng t@ fre BeeRN& AL thikbiumbassgamentande¢asecis cells and

mesent eni e, anld Aokl SR AFHBaSHGRHS GHhE i icdrd Iné aiq 3¢ afe 8021
WO00/ LE 4 8 - % nnervation o tphe K rHeys 0 gs 'g. 2
shows, ttherdtofimearn sutflomer Avadresd obthédee neeved |gavextie 6pRRl cotd ¢hrdugh the
intimately associated with the renal art_er%/l. The renal gl exus (RP) is an

aut ononi & BIXPOUEHEROL S [P@Y RASS NEAR NS RRINALISERFYTYASANTHOB MR GHEWIR SN t he
advent i ty ; tey: e XUS|: : ; I

artory ung;fHietion raBlBl it kel rotFel PR LRI SRERe ApASILOR, YRR ng
to the rounckly separse ait slerougbnwiites raral camnegdorgl wbich ddmmest petheeitheste eri ¢

i th ' I | i th ti . The. | .pl
(RPy.  alRaseYEHELIIG Je oo U HElteTal velmrg O PeR i bbbt
synpat hefdrc 6AIRANERAT §andlRes@eh@ing Aldsidd tHeEgShaV&@lymAl ni mum
par asynpat heti c i nnervation of the kidhey. [0061] Preganglionic neuronal

cell bodj re | ' ' ' I I (o) i nal
cord. o8BSI E IPGREC Peddtf dILEE SR BhG ity (R lhsinub{ Rl 10
not syndpsgdistandesciarthetdoely| asg.cio aquoaptishittisharang, axdms regsthes phessdyel ¢
nerve, first |unpar | anchni ¢ nerve, second | unbar | anchni ¢ nerve, and
travel t!8 & Aec P%'I:ﬁﬁ%%ﬁ‘ SYRaPHG EaRYPISSIB: #@s%?ff%?f%%%% B agR8s ehe

space, the synapse, to the dendrites of the second cell. The first cell (the

presynaptic cell) sends a neurotransmitter across the synaptic cleft where it activates
the second cell (the postsynaptic cell). The message is then carried to the final

destination.

[0058] In the SNS and other components of the peripheral nervous system,
these synapses are made at sites called ganglia. The cell that sends its fiber is
called a preganglionic cell, while the cell whose fiber leaves the ganglion is called a
postganglionic cell. As mentioned previously, the preganglionic cells of the SNS are
located between the first thoracic (T1) segment and third lumbar (L3) segments of
the spinal cord. Postganglionic cells have their cell bodies in the ganglia and send

their axons to target organs or glands.

[0059] The ganglia include not just the sympathetic trunks but also the cervical
ganglia (superior, middle and inferior), which sends sympathetic nerve fibers to the
head and thorax organs, and the celiac and mesenteric ganglia (which send

sympathetic fibers to the gut).
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aorticorenal ganglion. Postganglionic neuronal cell bodies exit the celiac
ganglion, the superior nesenteric ganglion, and the aorticorenal ganglion
to the rewal2oplesrs (RP) and are distributed to the renaCTusgs@yloed3ss e. 3.
Renal Synpathetic Neural Activity [0062] Messages travel through the SNS in
a bidirectional flow Efferent nessages can trigger changes in different

parts of the body. sinhdrageeust e KEdhegxanpl e, the synpat hetic nervous
system can accel erate heart rate; w den bronchial passages; decrease

noti | ityobeo)yenmens Figf 2ts|h6v\)saﬂ&ekldﬁé§f$§ .hﬂ@rvaﬁwsyrth@%er@mu%qml Which
i ncrease peristalsis’in the esophagus; cause pupi| dilation, plloerectlon

(goose bamﬁma@mamewﬂtmﬂnq rapehertan) :Thenenehplexub | (BEY ip eagLierROMIC

'n the BUES B aER-BYgInE P <y o R ICH Ry BOORE Rl i BaBRdfa EP R <

Hyper t enghanartbgar Théaehar glefngl exeraiy slokgdheyredias afes antl ie abrdwgsost teny
di sease states that result fromchronic activation of the SNS, especially

t he rend@ubsianse: ¢idhe Kidnaw Juberyeardrbuling nihe repel Migkusarise fiofe theneelias a

phar e oLgf BRE R m Gl aaRe P e S febrghal QAT GREHR, bl

reni n- angéexusenshe-rehalqsierus (RP R s efbasdioas thel renllsm@nvd; mreﬂomuwmmat

i neffective, ap ro({)aCh folra reducin ver activit th SNS 0064

nent i oneQ?”é‘Pf RYMRHBPUS PRI ABB PSS reﬁjr' gasth r‘fF)i ed
as a nmj at hophysi ol ogy of hyperten5| on,
states &reﬂh%y%ﬁnoéarga[?ds}ﬁgﬁm ﬁr’Fe&Pt failure), and progressive renal

i Fﬁ??mﬁ@*ﬂwoﬁé@gﬁ@ R BePhel el BRIGs a%5 HEe g iR B ey
to pl asngliredteahest themphes ard eRregang|emic arbns pass Mrbughithe peeaveradesl i n

patients with essential hypertension, particularly so in young hﬁpertenm ve
subj ect ganghiachex d@oﬂ@bﬁvn@\ﬁ)&eﬁ ‘i%@?@%@édth%'eé"ﬁﬁf IselaschnicoRetee thedeast | s

consi st Fgg]q NHE }]Q Wfﬁ@éﬂéﬁﬁl@ erps Cgé‘%ear ﬁﬁﬂb%rjﬂ'sﬁ%ﬁ&%mc Dt

hyper t ensi on and ¢ ara erize an increase car
and renambdrdval toeshestealiae. ghnhgiien,ntw Ie'upmnlot haiesesigeiot gahgliorpeahentieon i s

commonl y neuro of t acco anied b unced s at heti c nervous

cyst em ARTGRBIG! G910l ARS SERTPRIG DRUBIED G Rk X o heras (asmaUp e

activi t WnbSURERBr Mddnteric ganglion, and the aorticorenal ganglion to the renal plexus
(RP) and are distributed to the renal vasculature.

3. Renal Sympathetic Neural Activity

[0062] Messages travel through the SNS in a bidirectional flow. Efferent
messages can trigger changes in different parts of the body simultaneously. For
example, the sympathetic nervous system can accelerate heart rate; widen bronchial
passages; decrease motility (movement) of the large intestine; constrict blood
vessels; increase peristalsis in the esophagus; cause pupil dilation, piloerection
(goose bumps) and perspiration (sweating); and raise blood pressure. Afferent
messages carry signals from various organs and sensory receptors in the body to
other organs and, particularly, the brain.

[0063] Hypertension, heart failure and chronic kidney disease are a few of
many disease states that result from chronic activation of the SNS, especially the
renal sympathetic nervous system. Chronic activation of the SNS is a maladaptive

response that drives the progression of these disease states. Pharmaceutical
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pronounced in heart failure, as denonstrated by an exaggerated increase of
NE overflow fromthe heart and the kidneys to plasma in this patient group.
In 1ine wvolrotoi781780ti on i s the recent denonstration of paTaiSe@a®eIsagati ve
predictive value of renal synpathetic activation on all-cause nortality and
heart transplantation in patients with congestive heart failure, which is

i ndependaahagémenestine @nimanhgietdrsimaidostdrvne Byeterh Wasdrbden 4 leigstandiage and
| eft ventricular ejection fraction. These findings support_ the notion that

t r eat merutsegIaveR ineffactiypearrongh dor redueciegurverradtivity ol igasNet i ¢
stimulati on have the potential to inprove survival in patients with heart
failure.[0p64b6] Bst mentivoed abmve, énel renaigeymeathietidinssesus aygeohhaadieen zed

by hei ght d t het i tivation, | tient 1t h d st
renal | areeaTeeh At ARy ErBFRRS e, EBmeThe palheb Ve RIP SR it biieRlGeTRe,
denonst rased sOvEIEMY edbiddd tsda abdidurakbilraysdpridressive deabhdlsease,
cardi ovascul ar disease. This is also true for patients suffering from

di abet i dafh exyperirmsntatigpBndpan hfumener e BudiespeMPloyide viadigtaser hailution

ki dneys TIPERHGREN° B indtisyft Serf P fortblehe ol A8 KRsPe 3B30REma
synpat heticaledt incpsada triehal pireginepdring PINENigpilldveti tatéatias patientec authr ence

of the well known adverse conseguences, of chronic synpathetic overactivity
such as espestalabyrengntipn.EeAlticularly7 $83in young- ypestenstysi §Hbjects: ¢ which in

ventric r-Ry rs e [ ar, t hima d:su : ' at h.
(1) Ren;qﬁgﬁﬁpgﬁ{]etlﬁg%ls?ér (raNnE'[( g@llﬂelrt ;FO%OE‘% %ﬁaﬁ%e@%gﬁ&ﬂ?oﬁ e
ki dneys Hemnodyreneici profileetyipicatig seessal early hgpertehsigh csret gharactgnzadaby sanand
the renal tubules. Stimulation of the renal s ngat hetic nerves causes

i ncr easdaCTE8REH Nearetale, Caniaceadivyt 84 r@HP(’ﬂ%ev/L&' I EHBPER i dniSapy Lknown

reducti f ;ﬁﬁq.lt . dh nfSHIRPO t e atd,on of
r enal fﬁﬂgfi%énspeg?él EA Si (?ﬁe’]r%;b\tg{l Jg-steléﬁ]ul at edH?Ekggieggcésgﬁglﬁa?ggérgﬁgrafaé?t eB i zed

by hei ghgrenednathpah pathetic neneussystdreaveyaatioity.ri bute to the rise in bl ood
pressure in hypertensive patients. The reduction of renal blood flow and

gl onmer ul[goe65] | t r Adtioatisat 6f ardiorerrall by@patretiel neyweaddirity cisefdvenemhore
stinmulation I1s likely a cornerstone of the |oss of renal function in
cardi o- r@ﬁ@@u'%‘%ﬁijdﬂrbﬂ?@,artv\fﬁ”él’?,i as rd@HéQnS(YWQJMt ?6@@@98@5?6@%@%%” NE

yp cal 1 TR oy 4 hEpH Frs bR 1 BRrR f E; ERler SESF, W Fhe wih
this notion is the recent demonstration of a strong negative predictive value of renal
sympathetic activation on all-cause mortality and heart transplantation in patients
with congestive heart failure, which is independent of overall sympathetic activity,
glomerular filtration rate and left ventricular ejection fraction. These findings support
the notion that treatment regimens that are designed to reduce renal sympathetic

stimulation have the potential to improve survival in patients with heart failure.

[0066] Both chronic and end stage renal disease are characterized by
heightened sympathetic nervous activation. In patients with end stage renal disease
plasma levels of norepinephrine above the median have been demonstrated to be
predictive for both all cause death and death from cardiovascular disease. This is
also true for patients suffering from diabetic or contrast nephropathy. There is
compelling evidence that suggests that sensory afferent signals originating from the
diseased kidneys are major contributors to initiate and sustain elevated central
sympathetic outflow in this patient group, which facilitates the occurrence of the well

known adverse consequences of chronic sympathetic overactivity such as
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Phar macol ogi ¢ strategies to thwart the consequences of renal efferent
synpat hetic stinulation include centrally acting synpatholytic drugs, beta
bl ocker s wonbmmdedst o reduce renin rel ease), angi ot ensi RCEAISL@ON59334 enzy e
i nhibitors and receptor blockers (intended to block the action of
angiotensin Il and al dosterone activation consequent to renin rel ease) and
di ur et i ag/pertehsionediefto veatitugir hypeft@ipdly, Sysmacat | grrieEhdd< darsd dudgeand
wat er retention). However, the current pharmacol ogi c strategi es have

si gni fi chgiacideatat i ons including linited efficacy, conpliance issues, side
effects, and others. (ii) Renal Sensory Afferent Nerve Activity [0068] The
ki dneys communi cate wi t(g i @r%l%;zn?éétH@ﬁé‘Eﬁréd? Ad?igit:gent ral nervous system
via renal sensory afferent : renal injury" can

i nduce kyatio r f 5§ I I LSghem a,
reducti ggblb)i str % Q/%ﬁtgﬁrréé n}ép?e:seﬁo;ﬁ{%lkcﬁ)]‘ogg}%%w #]%Ee ﬁ%r(\%g%tpﬁ%oaangég%%lé’ {'Hé
adenosi rjextagkymeruray adppagges anti vad | mmadf tubuledy. entStireulaéibn cofmivgl aghalon.
As shown in Figures 3A and 3B, this afferent conmmunjcation m ght be from

the ki drifnRahelie MRNUPH BRUSASYHRCTEASEY ofANiheralganitey NCELASRE SOREM Kk (NaiBy

iath r J r
(V1 2 e86in AR YSATARFER ropHI REENGE oot BALBRaNE Gofbrly
W00/ LE@agtlafidh 7 @83 rénal Yudetiympatehetorsidbrably | tindilatsct eid tdiseasds s$thees
ki dneys,  thereh tivating the nd i nduci increased renjn . .
secr ot | HETSIRTERS B A BREC DITRRNERE SPRT GhcaEPURCOBBRLNS (S LNBriSeCEh: r a
sympat Nelibed HESATE M hpaaRivaRARbRIO! e REALRMEN B rdiRi Bidos oI tahces
i nnervated by synpathetic nerves such as the heart and the peri pheral
vascul atglomerulesfiltnatiog rate aha ressit of bewal aywepaibelid edetent stimsyatisat isdikiety

i vat i | f which al ib he rise in bl ood
D essur & Coubedpnins BBy 6rS o0 ee HEPeRst B SRRl SubiraS. WhRS,52erah o
tissue wdyiskfurihtibRr 88ita pyogratiies i comslicatidnvbl thioit BeatNRARFOPRitiRta cligidhn

rel ease, 'salt retention, and reduction of renal blood flow and that (ii)
dener vatqaoiisefthet dypiealiy fiichifates ewith sbaspatjienisr whrical Istatusdane reat tenic

hypot hal A AsBIqRls Brbee b kit e cbipeiiiftes ¥ &Rl EMiesh SPERERIAR
central diynasgasingtudd ceatrslyobcaid eyepaticyial darRebedd iotutkess (ingdrozl ©

reduction of central synpathetic outflow to various other synpathetically
i nner vat'éduer gagn STRIPASE], tHWIGERSIN £RAVENBIy £8&YIMEt ithHbitey Saﬁf‘ﬂcf?ﬁﬁp&f.

blockers (intended to block the action of angiotensin Il and aldosterone activation

consequent to renin release) and diuretics (intended to counter the renal
sympathetic mediated sodium and water retention). However, the current
pharmacologic strategies have significant limitations including limited efficacy,

compliance issues, side effects, and others.

(i)  Renal Sensory Afferent Nerve Activity

[0068] The kidneys communicate with integral structures in the central nervous
system via renal sensory afferent nerves. Several forms of “renal injury” can induce
activation of sensory afferent signals. For example, renal ischemia, reduction in
stroke volume or renal blood flow, or an abundance of adenosine enzyme may
trigger activation of afferent neural communication. As shown in Figures 3A and 3B,
this afferent communication might be from the kidney to the brain or might be from
one kidney to the other kidney (via the central nervous system). These afferent

signals are centrally integrated and result in increased sympathetic outflow. This
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B. Additional dinical Benefits of Renal Denervation [0070] As provided
above, renal denervation is likely to be valuable in the treatnent of
several cwOnooal78wendi ti ons characterized by increased @CeEnskéosansz4
particularly renal synpathetic activity such as hypertension, netabolic
syndrone, diabetes, left ventricular hypertrophy, chronic and end stage

renal di@mﬁeﬂhemmaﬂ@é epdiratedftbwafds eekidheps, thedAr dcthatihg tee RAASighd enal
syndrone and sudden death. Since the reduction of afferent neural si gnal s

contri buR@4cing infEeases eianin r serietiondn W'Wnﬁ@iﬂﬁ‘é‘@ﬂc Y@H@ﬁdrrﬁwtloﬂerﬁld
dener vat t [ d
CeTe! VRO ARl bBLE [ERHATR0TSS B BRS BIBOCIAES,
aI so bensfdily striheturesr garsvated bgbdssyrypameummereesugum vaat&té teasty apdt thet i c
nerves, including those identjfied in Flgure 1. For exanple, a reduction in

central RSfharHeVacUltRe foayltingdlic e KeSeraed iadvess sffghiseot RuMPANIGtiCt s
peop! & WdiJafish ARkt RYBERATEWALK alBtortiniteaBthe Fiie ifBRI0d GB8LL. oht

patients Wt steopo I's are al so synpat eticallTy activat

enal  adRBRRL | o resPatbRes IGRHHRT sliapR BTl Gefibiyfieh "t iFEGTHRA °°

| nt r avassffdrant éy:mpaﬁhem@ rﬁé‘r@eB@MHﬂret‘}utt@FrYadﬂ?@@’ﬂéte%nﬁl Beledde, Sb@m@tehh@@d

noved by contractions of the heart is conveyed fromthe left ventricle of

t he hear@nthyeduedion Rt @pnai- Wéo%if'@&’ sl thad i ﬁ%@@ﬁt't)'ﬂé)ftmﬁﬁu&xwﬁhcﬁffﬂ*%tches
into th - r| Qgorta
bi fur cafseés%é{y %%R/efs' g{ﬂ r| g s‘?/%feg@ca etms\{éi&? I ee{lt%hgﬁ)d ﬁﬁgH@ﬁq | ac
art eri edides effiedt onethpqmstmed)ryhymdthalag’mst he wWellf asalmel contratatérag Kidney. j i n
the left apd right fenor arteries 0072]._As Fig. 4B shows, the bl ood
col | ect saqaqht'% %E‘eaﬁ%ﬁtF%t PRV ﬁﬁe%aﬁftgﬁqrﬁ%[?gﬁ' ﬂﬁee'fV@HBPaﬁ desirable nt o
the ili t

brancheqSr g et RCTeye Sepnelly Bkl Y 0BoR el STty fEaveRer.

i nf eri ororgenaisuavasdise bpdg ami thenms;zullatweds anticipated.ri ght atrium of the
heart. Fromthe right atrium the blood is punped through the right
ventricle in t he, J. Bated Fromthelungs t he
oxygenati on bl 008 e s i F r—Fromthe left atrium

[0073]  ATOZPFT e %Srréé@' AETRTAIEEN, SRR AL

be treatment of several clinical conditions characterized by increased overall and

particularly renal sympathetic activity such as hypertension, metabolic syndrome,
diabetes, left ventricular hypertrophy, chronic and end stage renal disease,
inappropriate fluid retention in heart failure, cardio-renal syndrome and sudden
death. Since the reduction of afferent neural signals contributes to the systemic
reduction of sympathetic tone/drive, renal denervation might also be useful in
treating other conditions associated with systemic sympathetic hyperacitivity.
Accordingly, renal denervation can also benefit other organs and bodily structures
innervated by sympathetic nerves, including those identified in Figure 1. For
example, a reduction in central sympathetic drive may reduce the insulin resistance
that afflicts people with metabolic syndrome and Type |l diabetics. Additionally,
patients with osteoporosis are also sympathetically activated and might also benefit

from the downregulation of sympathetic drive that accompanies renal denervation.
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exposed and cannul ated at the base of the fenoral triangle, just inferior

to the mdpoint of the inguinal |iganment. A catheter can be inserted
t hrough twWD20HM08ES site, percutaneously into the fenoraCTrastewpewsd passed
into the iliac artery and aorta, into either the left or right renal

artery. This conprises an intravascular path that offers mnimally invasive
access to a mEspeehisnd Mirlvadtliar Acosst @ thetR@fal rgry bl ood vessel s.
[0074] The wrist, upper arm and shoul der region provide other |ocations

for intrpgpetion A@fF@ahheérﬂfv@ id ey mearayeédrﬂiaowﬁéWh&aémt.@&bﬁ@éyean of
either the radial, brachial, or axillary arter e utilized in select

cases. Crmamdherleft yantbeaceidthe aeavﬂié%tfm:@@st@ aéiena@rt&aies@@ngaébwghhMgh

br achi odcpia g Brdishelainls e, B ol Bt Bl e BS, nERRLHis B Brieres oun

t he desaredione bifurcatednst thetlefttdmel rightalia@arterieesSThs idTdand &I@ﬁh@l‘lﬁhc arteries
angi ogr aphi ¢ techni que. 57856-8021 O/ LEGAL1 7467783 1 - 13-1

Appar at Scspgt éfh@%timelwcatﬂﬂr@@ghf be Jedhiaadi Hghtl legsagn@ dainathe Mbraﬂﬂﬂl right

| nduced rmdul ation A Overview [0075] Fig. 5 shows a system 10
for therma y I'n u0| ng neuronodul ation of a left and/or right renal plexus

andl or O0RE] rond BREAE So 85 I PvRdOED hLipataeh e bleofoingn

renal arthejugh tHeefdreoral velrXingo HRE)liRX VSR aridNinitdtth&Bhferies SRAbhatdvan Tret h
t he respectlve renal artery into the substance of the kidne The system

t her mal |ipferionyees cavabsamiasanioinedeftandsiight renakueing AHyovsy ﬁﬁ’@ﬂéb‘é@ﬁ&l ar

access | e % j r ] em 10
i ncl udes:[ % |mteE%r \@igcﬁé\}aﬁ 8?4; acisngcfn{c%\g%}% g[eO%%gl.n@ﬁﬁgt%géta?ﬁ%% Wevi cggié
provi desFraptgrsrigint dtfien, en@bladexsysunibid tHrbughidihe aight néntagRsIntd e Ipagb 14
that leads to a respective _renal arter as Fig. 6A shows. [0078] Fig. 5

Shows, _(HEETer b & HEMENBERH. CETOTD e iNgie J1e AXYGRTEJRNOSR & onEYRaMnIsg e
i mal, | d
PrOX! Tl 8! STtP Ao Al BT R o B0 Bt BOKER "

handl e assendé pa2kdo tre soted and configured to be securely or ergononmically
hel d and nmani pul ated by a caregiver (see, e.g., Fig. 16A) outside an

[0073] As will be described in greater detail later, the femoral artery can be

exposed and cannulated at the base of the femoral triangle, just inferior to the
midpoint of the inguinal ligament. A catheter can be inserted through this access
site, percutaneously into the femoral artery and passed into the iliac artery and
aorta, into either the left or right renal artery. This comprises an intravascular path
that offers minimally invasive access to a respective renal artery and/or other renal
blood vessels.

[0074] The wrist, upper arm, and shoulder region provide other locations for
introduction of catheters into the arterial system. Catheterization of either the radial,
brachial, or axillary artery may be utilized in select cases. Catheters introduced via
these access points may be passed through the subclavian artery on the left side (or
via the subclavian and brachiocephalic arteries on the right side), through the aortic
arch, down the descending aorta and into the renal arteries using standard

angiographic technique.
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i ntravascul ar path 14 (see, e.g., Fig. 6A). By manipulating the handle
assenbly 200 from outside the intravascular path 14, the caregiver can
advance twe 2eloomgertsed shaft 16 through the tortuous intPavasecuwbaspath 14
and renotely mani pul ate or actuate the distal end region 20. |nage

gui dance, e.g., CT, radiographic, or another suitable guidance nodality, or

conbi natjj.ons Adaratls, S@tehe uﬁadl\/te@h@cusd fbh ASHAERBH VRitravas@a R UiT B indally

[0080] As shqufutédd Reflal RBurdniedfiagd@! end region 20 of the elongated shaft
16 can flex i'm a substantral tTashion to gain entrance into a respective

left/right renal artery by mani pulation of the elongated shaft 16 . As
shown in Fig® 18Ne8WI9B the distal end region 20 of the el ongat ed shaft
16 can gain entrance to the renal artery via passage within a guide

cat het erl0025] The Fdg-s® Showisda reygiesn 1@fQ5fth@Héa|@I deygined nenepnpodugatien of @& at

'722%8?'%“6“?@”&“‘?*5@% T %ﬁ”e#%ﬁ?g 336. < al'so Special |y

R U G . i il taL I sed i vhos
ent r ancgekBe@ivieeR®! amd/belright Selk Ateshy. frHet en| U8 Rfli)' ébfteﬁastlrl‘i‘ei’ntﬁ?ffhﬁlteal

end region 20 and the thermal heatlng el ement 24 within the respective
renal arassogiadionawith shegeppestivei tepat artgnv lretoltbﬁnwhstma/\@éme netyerling!

renal arverg bt heisBi R B8y B hiet e oRetug BN FEAES @fon 20

will al srckasintbltiag eegpuetiog lefost M@mrrehbeartté@r mal heating el enent 24 and
wal | of the renal artery. [0082] As will be described in greater detail

later, ifofPe reAH %Sﬁgétghi Ve HIEARESTBAL wf?rfavﬁbajlaﬁ%eattr'ﬂ%nﬁ 3)@ (Bé' 1beattinRg

el ement 24 ot distal region 20 1s positioned along a distal portion of
di st al ftrestomeat zdedcd 412 Hpvaides accessod dthse rendbrpienmj (tRi%)t tihtoeighi sanal
end reglon 20 optionally onpri se one or addi hernal

neat | ng ISTaAREn R 1 aaEaiS RS AaRSo e ieonml At et Fisk Tt OWian

mul tiple thermal heating elements are provided, the ther rral heat|

ol ement JORZS] del A%Flgpévawsnmgﬁameﬁtydqwcw2 ihelydean SN SHER ol ar
f ashi on), a\ﬁﬂ%g‘? |Bﬁ|1>8 d ro‘?&fa {i&z 2@nd/o may deliver power
ir e

bet ween any tion o e., may be used in a

bi pol ar Jbﬁiﬂﬁgégﬁh rfg%‘?@ﬂ“{r}geﬁggq?n 9%r§r%¥ |or?é’§te8%%afty167ﬁ%lub CERaRuR ©f

dynam c
assembly 200. The handle assembly 200 is sized and configured to be securely or

ergonomically held and manipulated by a caregiver (see, e.g., Fig. 16A) outside an
intravascular path 14 (see, e.g., Fig. 6A). By manipulating the handle assembly 200
from outside the intravascular path 14, the caregiver can advance the elongated
shaft 16 through the tortuous intravascular path 14 and remotely manipulate or
actuate the distal end region 20. Image guidance, e.g., CT, radiographic, or another
suitable guidance modality, or combinations thereof, can be used to aid the

caregiver’'s manipulation.

[0080] As shown in Fig. 6B, the distal end region 20 of the elongated shaft 16
can flex in a substantial fashion to gain entrance into a respective left/right renal
artery by manipulation of the elongated shaft 16. As shown in Figs. 19A and 19B,
the distal end region 20 of the elongated shaft 16 can gain entrance to the renal
artery via passage within a guide catheter 94. The distal end region 20 of the
elongated shaft 16 carries at least one thermal element 24 (e.g., thermal heating
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heating el enent(s) are used for power delivery in order to formhighly
custom zable lesion(s) within the renal artery, as desired. [0083] In one
repr esentwoizow/@styedi mrent shown in Fig. 6C, one or norePatdiseéooned33t her mal
heati ng el enents 24a optionally may be positioned at a proximal region of
the distal flexure zone 44 and/or at a distal region of an internediate

fl exur e giomend4 Therthe@nalasdatimg @it 2uniglaly@pediblly BReteirl caifigRiryd &br
position(s) longitudinally spaced, but generally in angular alignment, with

t he di strBpNipuladientasyl YsrewHain :Eeial @feB-ement 24. The spacing of the thermal
heating el enents 24 and 24a may be specified to provide a desired spacing
bet ween [0881bns fAsr imgd 6Bhelrowss (and aheviklbendescsibadtinigneater detdil latargrgncel n

t at,i dinment, th heat i. I d, 24
paced SENANCRLOTE ST AEHLE GaRD. RGP RaenEH0a FEnbe TeACSp Aedig 20
bet ween 4ritetHeakhdrawdl imGtinheamMent 24 Akt tesgektivd@eehanateyf estaBlished MM
to about 5 nmm In one representative enbodi nent, the 57856-8021 WO00/ LEGAL1

7467783 proximity- toranchaligneeitt brjwees tea therppl Heating gleinents¢/haed tigpee alamigout 5

and 242 B DGloroBA GRER BT ETRRR] S0e b SRals SnERUITSRG: M BRI O,
as showthendibia)).erkPregioe 20 wilrsiso Nacimelte hemitadtgbewermntise 24érni@yhdkting
positioned relatively nore proximl for contacting an internal wall of the

y
renal ar@lemegnh24 3046iwalbal e renaka@ry- | ongi t udi nal I'y and angul arly spaced
(e.g., in angular opposition) fromthe distally |ocated thernmal heating
el ement [2882Kuch Ashevilabe hdasé¢nizgceliengraaten astail nalgr, fior thex aiepresentative

"t or o e 3P oo e’ 44 Berih RGPt Bhelf 21761 o od Bjamin i
f | exur e ganrdd, alRg S1dighl pofiopt of disei XURS ZBNBIRKI AIBWEIEX Itr Sholhd e32.

The spacing separating thermal heating el enent 24b from thernmal heating
el ement esstgodr it dpei distal enteragipnh3@tontynellgmeay Corapiing ane opeaers ed

as desiregd,.t rQVi I it ydi.n . lar... (o]

ot ons it R RIS PIoRBS A", BASliONEY rBuRBR R XA,

t her mal Weeahimgitiplectiienhal Bdatiitfelzfiems ars pesaded ibe tth@iealtheatindlemabut 25
nm | n another representative enbodi ment, the thermal heating el ements 24

and 24b 8an debvephRuuer E‘gepﬁm%&“yaﬁ@ut M3y Lentisedh inAdTARPPOIapfaskig)a ither
‘irl‘bgfn' ”f‘é%g{t%rﬁ?odél&‘?rd?%rd@;?é’ééi&l&y,e!aﬁ%?trﬁa?“dé}%r PO Bt AnPatdiredoout
combination of the elements (i.e., may be used in a bipolar fashion). Furthermore,
the caregiver optionally may be capable of dynamically choosing which thermal
heating element(s) are used for power delivery in order to form highly customizable

lesion(s) within the renal artery, as desired.

[0083] In one representative embodiment shown in Fig. 6C, one or more
additional thermal heating elements 24a optionally may be positioned at a proximal
region of the distal flexure zone 44 and/or at a distal region of an intermediate
flexure zone 34 for contacting an internal wall of the renal artery at position(s)
longitudinally spaced, but generally in angular alignment, with the distally located
thermal heating element 24. The spacing of the thermal heating elements 24 and
24a may be specified to provide a desired spacing between lesions formed when
using the elements within a renal artery. In one representative embodiment, thermal
heating elements 24 and 24a are spaced apart as far as about 1 cm. In other
embodiments, the spacing between thermal heating elements 24 and 24a is in the

range of about 2 mm to about 5 mm. In one representative embodiment, the
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anot her representative enbodi nent, the thermal heating elenents 24 and 24b
are spaced apart about 17.5 mm [0085] As will also be described in greater
det ai | | averp1odi78fiér ent secti ons of the el ongated shaft PCEH/Useo09®6TsB4 f er ent
mechani cal functions when in use. The sections are thereby desirably
differentiated in terns of their size, configuration, and nechani cal

proper t itAgrrh @I héatingd elephidrits €M SINdN24 H Gé tipRBed Hpart absoDbanar tigrandtheough
a small-di ameter access site; (ii) atraumatic passage throuah t he tortuous

i nt r avadenresentritve embedineih the thermal haatisgyelemenss heand2ea, argnePasado a
respect iébear{ g%édtré renal artery, including (iii) significant flexure
near the’junction of the left/right renal arteries and aorta to gain entry

{1 ans! atlPBRHT Gor ASBHGRRDY dik sPoieEt om ShbE) R e SPEETILE! PITERBI™al 1 ory

to attaiHediihg*e Bhients 04BNHaf b@egﬁiﬁ%éﬂ FIBRIN rYdrehpraRinidltieF contawdhg «@f the
respective renal artery; and (v) the placenent of a thermal heating el enent

24 i nt o islenpalcwalhiaf Hhei regak agary lBe posattieni(r thadlare 167@Baligy1 aneEmguEEAL 1

2" her meiPa8Aap ol sy SppoRRiof ol helsiBiayy osel TG Ry SerhOL oo
control 2f tirhciveediaV leatng aBik@ERL(SH 2dbnhag| fatl @irmplembEOgodiasnad lat dpe
described in greater detail later), the generator 2 enerates a sel ected

: . : 6 9
f or m ancPREXgAT 8RR formest aaling geflggtionnof Akg dntepmegdiatafieyeieyzene s¢hét & o
t he han : e o h r heat | I nt
24 to tﬁ%arg)é@ﬁazﬁgg@ﬁ %%e&rﬁ&g@éﬁg{o&nﬁeéﬁgp ye\?msg"egm@? égﬁé()v% gip'if@g?rﬁg?a ong
t he el ongexiedhlSleatite A6neB21 Mhewgpacing sepmrating thernall begtitg élerharitt 24k6frdmom
t he hand| e assenb|ly 200 to theéher mal _hea[ti n%ﬂel enent 24 conveys th
Re dﬁaﬁi%?m

t r eat merfeERRY AL %'ﬁ@n%@ﬂn@v feat PRECRA!d a'zflﬁéti&gc%iﬁm%‘lt e
such as é‘g%%ﬁfieﬁ%é'de%ﬂ%d toSpfV R BbSIHed %rﬂgzit’éjdﬁ’r%lﬁiﬁb‘ bﬁgﬂlla}’ QABMBCHEVERN
cal ) to allow the o

el ectri y connected) to the generator erator to
i ni ti at desibes Momaedwithih remat vesallatyre.ath) ose representativpemabodimeent, thermal

haract er i st i f th i ncl udi t not Limted t
Gt ver Jedtasaements 2gog ittt hrarAtiast At A8 5 S5 pBRorh ar
el ect ri GaigteddrarasdhistivdeRBIdIMBAL itRE tBe @A Neathg SeRfitts Q|42ég’€d gipReISi Ve

el ectrode 38 can be electrically connected to the generat or .
Addi t i orlg Ispacetheasofarmnas eabosit st 2 (s emnothergrepreseyatiee @mbadmensuiie as

one or qﬁéﬁméleﬂgg{ir‘% uerléamgﬁtsg% 5H§ri%c%lﬁglsepaced apart about 11 mm. In still
another representative embodiment, the thermal heating elements 24 and 24b are

spaced apart about 17.5 mm.

[0085] As will also be described in greater detail later, different sections of the
elongated shaft 16 serve different mechanical functions when in use. The sections
are thereby desirably differentiated in terms of their size, configuration, and
mechanical properties for (i) percutaneous introduction into a femoral artery through
a small-diameter access site; (i) atraumatic passage through the tortuous
intravascular path 14 through an iliac artery, into the aorta, and into a respective
left/right renal artery, including (iii) significant flexure near the junction of the left/right
renal arteries and aorta to gain entry into the respective left or right renal artery; (iv)
controlled translation, deflection, and/or rotation within the respective renal artery to
attain proximity to and a desired alignment with an interior wall of the respective
renal artery; and (v) the placement of a thermal heating element 24 into contact with

tissue on the interior wall.
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therm stor, etc.), inpedance, pressure, optical, flow, chem cal or other
sensors, can be located proximate to or within the thernmal heating el enent
and connewbediwosune or nore of the supply wires. Wth Pao/tGsa@oloy3dd res,
one wire could convey the energy to the thermal heating el ement and one
wire could transmt the signal fromthe sensor. Alternatively, both wres

coul d tr[p08e] t emrsfaNingbddketotfgr FatheR§atdng 08l SoRiRluddsOd Bdrmangendrater m ty
bet ween, alignnent with, and contact bétween the thernal heating el ement 24

and ti s (@G @sthemalherenayt Benereke) r eslierithe centpl of ttheycarggivier or 68

shove) . SGRBNOLBRIY (AR EIAL0OLIE IR Lol I NG R0PLAL 20 e

tissue by uces one

ther mal dwrairaton M?@@@tmab@t@dté@@@nﬁ epdona nftudehef tmadal @nleedy. Adble
adj acent_regi ons t he renal Bl exus (RP), ich lay inti rratel% wi thin or

adj acent2& @Pempévelyatiacher 4o &re hardieassenily 2P0 elegircaliyrsranectn thegdhermeak i on

Bgr: ihgnto Iﬁﬁe %ﬁ%dg?%g ];38?1 @7@%&?1&%@8@Iéllébﬁkwﬁ'é%sgi&@%e&mrerﬁal
hleflteir 2?|F§18Bgrrg alongrthereibmgﬂebcﬁlh;‘tltjiﬁmrémﬂghaa{ iiwner:r'n]rd/trge})elrimiﬁie;d/\e/hafhatﬁrral
ﬁeatl ng)fro r‘Ifbet.@ler 8'ﬁe%ﬁ§$mh'é(a?699 eh‘feeétﬂ@’ ‘%g]gu@ m%ﬂts?agcqm\@ys the

t enper alifneh reﬁéﬂf;ﬁ (o RbrrhbPRARIOU o das | ARBnirBr @akabéishp saehiave

non- abl at1ve ther alteration bove a higher tenperature to achieve
abl at i ve‘oohepewal di00er st icomneFtad eeagpl pneumetlcnailrygeionnen’qwr aarur@eciaaallye

b b 37Q). b |
For mom e B e oeRiafhtar FICAEH el abraror thetiiies BiBAR" Bad s out
45C or _ilpl cacBevad Bl bNralREarabioPsatd e 988Gk diasngebe | <

of special size, configuration, and nmechanical propefties of the el ongated
shaft 1@qifimitesdot pewandeliesy. ng el ement 24, as well as other aspects of
the system 10 will now be described. In still other enbodi nents, the system
10 may t{ﬁOS?}a di ﬂ?oersgsitems)tifatgm\adeobr heddeiverynof admaormp‘dla'rdectr'rbe‘widwias.

For exa

I -therma ti.ng ele devices,. such as nmulti-electrode

basket o 5P SN Hit50n Claris2A) & dBITELO" SporsivE ngPeiont etf (G be
| ntravasqubachiy GShhe\!&éd ﬂ@%@”@&%rﬁ%&r%t r&@élﬂ&ﬁﬁllywdnfé 8F rﬂbrbh%Hsors 52
contacting the vessel wal B.”Size and Configuration of the El ongated
Shaft f dseéchigevirigg. 9 and 19) such as one or more temperature (e.g., thermocouple,

thermistor, etc.), impedance, pressure, optical, flow, chemical or other sensors, can

be located proximate to or within the thermal heating element and connected to one

or more of the supply wires. With two supply wires, one wire could convey the

energy to the thermal heating element and one wire could transmit the signal from

the sensor. Alternatively, both wires could transmit energy to the thermal heating

element.

[0088] Once proximity between, alignment with, and contact between the
thermal heating element 24 and tissue are established within the respective renal
artery (as Fig. 6B shows), the purposeful application of energy from the generator 26
to tissue by the thermal heating element 24 induces one or more desired thermal
heating effects on localized regions of the renal artery and adjacent regions of the
renal plexus (RP), which lay intimately within or adjacent to the adventitia of the
renal artery. The purposeful application of the thermal heating effects can achieve
neuromodulation along all or a portion of the RP.
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I ntravascul ar Access to a Renal Artery [0091] As expl ai ned above,

I ntravascul ar access to an interior of a renal artery can be achieved

t hrough twe 20emo8ers artery. As Fig. 6B shows, the el ongaCeasedafns93d6 i s

specially sized and configured to acconmpdat e passage through this

I ntravascul ar path 14, which | eads from a percutaneous access site in the

fenmoral [p089TY tdhe ﬁh@ﬁ%@t RéafirigatfeBit ca rRlude both BeF@BRhbRtIbATaAD hént hi s
way, the caregiver is able to orient the thermal heating elenment 24 within

the renablaiveciRermal altesatian endlemase (R8e. vip GuSHINedheating tandipr feEpiNEes,

h
el ongat (LAY BB, eathy efeBinh iBlud R i tnlidlie ot
di ct at edalyett heuranridiersli gbtricen désirdwe tbrgstheld ad h@(ttﬂevé higngblatité cthetrhel

el ongat ed shaft 16 is passed. Assum ng, for exanple, that an 8 French gui de
cat het eral@i@idth AAPoNE 8 mgéterde@ﬁefaéwr%to appes’ ﬂ%ﬁtlé’?yth@rm@la'ﬁf@H‘é%)F%ul d
likely m g Cl Y t I st | dto
access t anﬁﬁl%al f;naert{e{:{r?] gﬁand %P@\f/}\néng orgg ragg)ggna dtI‘Je”(ftt?éance té}:'I ‘ance
bet ween dgpeoxilreategl 375T3 Hb MS%JIthuE@éEG: ﬂnﬁaﬁt&bldtlve th&rrhehalitergtieh eorent
24 and the guide catheter, the max nsion can be re |st|cally
expr ossdiS 2Bl i MPELTeh SaNoPSe ARANT Yo" GpBF GHDRE dO% t6S oRBSIIVE
Hovvever,aﬂéegtl&f a smaller 5 French guide catheter 94 may require the use of
smal |l er outer dianeters along the elongated shaft 16. For exanple,

t her mal ng t n e
cathot er[BﬁgJ ?Iu‘?t'h'éptde?zg er@@épéc?al sc?ze) cfn‘?@b?étg‘ﬁﬂl, tg:hdtnrﬁgcﬁ%# égl ﬁr}bﬁgﬁtéi

anot her cﬁxthepélengatetdﬁehaﬁlmeattl e ﬂteen‘emthe%ﬂngtteIEmes]ttzu bees @it &sl othérhi n a
6 French gui de cat het er woul d have an outer dinensjon of no géeat than

0.070 i rRskests of the sypiea Ponde neWaRe HascriRgd seltt sldhofesoambadimanis. )
shows, IsYRtdth o ARy 180 ég%}gnleggﬁﬁga&?ﬁoﬁ'aﬂaﬂﬁt. QudgWifreréht tégquﬁéggswh

coupl ed e handl e ass orce transmtting section
force trexasmplef mudi-gecimabhediing €lenhertiddearices; suchas saltt-eleptrede dmsketseart ed

mechani ¢ operties t accommodat e physi cal sage .t hrough and .t he
(T anam BhehbaiSih cxpahdablas o Hes, ey g Bbapeap o iy ase ALV om

the accesspgmbalR (RNt Withfdr vﬂfhdu‘t%Bhi)actlh&ﬁt%'géséél'%/dllespeCt'Ve i liac
branch artery and | he aorta, and in proxihty to the targeted renal

artery (left or rlght) The mechani cal properties of the
B. Size and Configuration of the Elongated Shaft for Achieving

Intravascular Access to a Renal Artery

[0091] As explained above, intravascular access to an interior of a renal artery
can be achieved through the femoral artery. As Fig. 6B shows, the elongated shaft
16 is specially sized and configured to accommodate passage through this
intravascular path 14, which leads from a percutaneous access site in the femoral
artery to a targeted treatment site within a renal artery. In this way, the caregiver is
able to orient the thermal heating element 24 within the renal artery for its intended

purpose.

[0092] For practical purposes, the maximum outer dimension (e.g., diameter) of
any section of the elongated shaft 16, including the thermal heating element 24 it
carries, is dictated by the inner diameter of the guide catheter through which the
elongated shaft 16 is passed. Assuming, for example, that an 8 French guide
catheter (which has an inner diameter of approximately 0.091 inches) would likely
be, from a clinical perspective, the largest guide catheter used to access the renal
artery, and allowing for a reasonable clearance tolerance between the thermal
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force transmtting section 30 include at |east a preferred effective length
(expressed in inches or centineters). [0094] As Fig. 7A shows, the force
transm t twogoraosi7zen 30 i ncludes a preferred effective Pemgishook/0d9334 The
preferred effective length L 1 is a function of the anatom c distance
within the intravascul ar path 14 between the access site and a | ocation

pr oxi matedtingt dlement 4l and afe iqifdeeathatan thée enatimaint ©utersdimBreidi eaeueed
ef fective Iength L 1 can be derived fromtextbooks of human anat ony

augnent er@abgﬂcallwwgeaﬁ@ﬂ as et tasgethen %@qwr@e@@@rown@teb/eﬂ% Inﬁh@$ as
derived (f riQr f I ol.Qgy h efed
site. Thléé\gg?/%érlrggdsg%f éﬁ@?g ﬁg?cﬁ?@hiﬁjggg so ggpb%%eﬁﬁuglr? ?hée%an%fh of
t he gui dgnalarhedter duémtaters alond, thef el@ngatddn shaftet8.eseot akamplenbatiermat

for a normal huma referred effective length L 1 conprises about 30

cmto aﬂlﬁﬁt'ngl@e@gﬁt Pt th {igUPdRe oueddtnin 3 %E@d‘(’ht%‘ﬁe cAbeipwvaidhave
ef fectivg, éﬁt’égto‘mbnéloﬁ%d t&0RYh (ﬁ§5§rﬂ r%s".iblguér}c?tﬁercé&a% le? a ﬁﬁeﬁﬂ?Ll
e cat

I ength gui eter is us then the preterre fective Tengt

conpr i sdeaingule®ent 24ttbaiaibdutbe7ﬂ>ubed withiraa $0F emcheguidén cgthetier watldetasre i s
used, then the %eferre effective dﬁ%t L 1 conprises about 95 cmto
about 10%) Qiier 878835180 91 Qi8R AR GO/ P88 1 - 19-[0095] The force

transmtting section 30 also includes a preferred axial stiffness and a

preferred torsional $rpkihig$orcd TRardngitRig Sectda al stiffness expresses the
capability of the force transmiting sectiron 30 to be advanced or w t hdrawn

al ong ¢ Neobsnat h /S Fighy Al iy ane rakinfeichdlibalbrl No'vk 1 eidrigiedtnatt 16

subst anti def ormat ron. Since sone axi al rrrat lon i s necessary for the
force t rladsdes 1 ¢ouplee bo ithen haodteoassamiglst200;, haefotroe tiapemitting reection l,’dOarTh@at h

14 with di.ng t t th f d ax i ff f
the-f or dorael ARl S5 Qioh S0 P AR EPonoWRaIP BoSSRFE st Pechemeat ©
pr ef er r gffoperties Ottt a&;cbhfrﬁsééteepﬁwéﬁeﬁaws@ecarnab%hIér}d Phe ttfthsheissien of

transmtting section 30 to rotate the el ongated shaft 16 about its

| ongi t udPregs wikhis the drtgavassulas mgtth 1 aﬁohltealds kA dhe acpesseashienoral artery

def or mat C bi to
advance (stior S8t ¢hrolGh \GR PesBEtal B TFECn i anch R uns s ot e

el ongat gslogihifyt tolthevbitguted rdreal reeepe et righ f' i hschahReatl pripertiéeof (H096]
The desired magni tude of axial stiffness and rotational stiffness for the
force t rafﬁﬁﬂr@'ﬁsrrﬁtﬁt'riﬂeé@ﬁ?tt%‘ 30 includeat Jﬂﬁsélan@@fftﬂ]e%éﬁ%tﬁ%\@ngm (DPsessadent
mat er i alln%cH&tcﬁrde%ltl%etthserov' de a desired el astic nodulus (expressed in
terns

[0094] As Fig. 7A shows, the force transmitting section 30 includes a preferred
effective length L1. The preferred effective length L1 is a function of the anatomic
distance within the intravascular path 14 between the access site and a location
proximate to the junction of the aorta and renal arteries. The preferred effective
length L1 can be derived from textbooks of human anatomy, augmented by a
caregiver’'s knowledge of the targeted site generally or as derived from prior analysis
of the particular morphology of the targeted site. The preferred effective length L1 is
also dependent on the length of the guide catheter that is used, if any. In a
representative embodiment, for a normal human, the preferred effective length L1
comprises about 30 cm to about 110 cm. If no guide catheter is used, then the
preferred effective length L1 comprises about 30 cm to about 35 cm. If a 55 cm
length guide catheter is used, then the preferred effective length L1 comprises about
65 cm to about 70 cm. If a 90 cm length guide catheter is used, then the preferred

effective length L1 comprises about 95 cm to about 105 cm.

57856-8021.WOOO/LEGAL17467783.1 -19-



Young's Mbdulus (E)) indicative of axial and torsional stiffnesses, as well
as selecting the construct and configuration of the force transmtted
section iworermgswfs, e.g., its interior dianeter, outer Pdirarseasnscossal |

t hi ckness, and structural features, including cross-sectional dinensions
and geonetry. Representative exanples are described in greater detail

bel ow. Z00&5pxi Wmheﬁbﬂ?@frénéﬂmﬁwd{ﬁ@&ﬁn 39 aldddivcludls angref&radaial btinglisst al

end region 20 of the el ongated aft 16 is coupled to the force
transm tanch@ seaferred ®®S|0Wﬁ|eslf@'ﬂﬁﬁsh LThe @referedr axige SE'ﬁﬁﬂ%SnQXDrQﬁ?%ethel on
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t he Jun on S ectlve I’ aor

The axi déngthi bf nﬁ§s|naadas§cu1@n pati 13|I w|tfhbasaalmkhrﬁ eorf suisstaibtia ngefolmiation.
region transfer axial and rotatjion forces fromthe handl e assenbly 200 to

the di stRNCRAIMGKish deormalion; 1 nesessascfardbe TPreeyHraRemitingsgetion &@eﬁo
[ 0098] vﬁi&}@ﬂhé%ﬁbggs;rﬁra\;dﬁ%u%' r Heth 1%”61/ th6 @ Bl%v%ﬁn%@ﬂ) H‘ﬁ'&én fe ét%ﬁ&
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fracture, collapse, substantial distortfon, or significant twsting of the

el ongat ealosgaikt length. witheuipkiokingadr peeranentzaeforrsatiarnofs dvibdeodesetited in

fl f th d 20 t

cat ot Pt defll nlstuie eyl e R BGtelant pafydl &S e e Aisthlsd ¢ ne
gui de cabhrRine?0 of PRMbngelishak 165wk thededdediig réﬁswér@é %/q'@ue@ﬁrame t hat

the treatient device 12 nust navigate to transition fromthe aorta (along
whi ht ek I
artory (OPSLCuniTHR I RGREbS Y by Sisflehdna (Aot ReiReRe g ieena
shown i ﬁomegtramrlttlﬁsectlm 80eaanyg ebtdiraed bhesepsrcmlmnrmﬂ cdnisdtuené nzaieeal3@ nmust
approxi mate t n the distal d region 20 of the elongated shaft_16
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(as Fig. 6B shows nmore tortuous a vessel, the greater bend
pr oxi rralsdetémgrtbemmstreat and bon@datlon ehke fasce taasdiltedbeetinn lnetgrma obf the
treat rrent de%/ gecess t he rt I8 ndk

in erlor lameter, Qdter ame er, wall Hie ness, and structural features,
including cross-sectional dimensions and geometry. Representative examples are

described in greater detail below.

2. Proximal Flexure Zone

[0097] As Figs. 7A and 7B show, the distal end region 20 of the elongated shaft
16 is coupled to the force transmitting section 30. The length L1 of the force
transmitting section 30 generally serves to bring the distal end region 20 into the
vicinity of the junction of the respective renal artery and aorta (as Fig. 6B shows).
The axial stiffness and torsional stiffness of the force transmitting region transfer
axial and rotation forces from the handle assembly 200 to the distal end region 20,

as will be described in greater detail later.

[0098] As shown in Fig. 7B, the distal end region 20 includes a first or proximal
flexure zone 32 proximate to the force transmitting section 30. The proximal flexure

zone 32 is sized and configured to have mechanical properties that accommodate
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the smaller the angle al. [00100] The proximal flexure zone 32 is sized and
configured to possess nechanical properties that acconmodate significant,
abrupt flweeew/os17Bendi ng at the access angl e al near tReTjuse@wiocs3of the
aorta and the renal artery. Due to its size, configuration, and nechani cal
properties, the proximal flexure zone 32 nust resolve these flexure or

bendi ng digfifiesnt\idxDraibr beadindrat.a pRIScABEE préfiedriear ddces Mgl bdrnd Grantide
tw sti ngf The resolution of these flexure or bendi nngorces by the proxi mal
20

f 1 exur e T@bHee fangmigsion of pyaye Klusinggiotatian, gvitoalt fiagtiree golaPsey sybsiantal

el ongat 1 @ gl 0 i S h

Car gor o PoRrh ot FidgiceR RuRihg b FlP gl el SHAEET The o Fil neieliche™s,

i s si zed3Zsibuldrictgmnestate flegogs ‘kufhéleht)fdnehé elﬁaﬂér@rdmg?b tb ativéseevia 9.
7A). That |s because the di stance between the fenoral access site and the

j unct i or? 8¥IdEHARRIEE NIQAME FRIhRIEFY \é’#tpok'ttwsé%ﬂt!%“hﬁ@ﬂgﬂﬁﬂ'ﬁgl%”&%Sth%O cm

to about..ep) is generally greater than the length of a renal artery
bet ween t e aorta and the nost distal treatnment site along the | ength of

or of or 1 090801 ey Arkfle Bt RelisB R i AEORL o BIBh o BB Bl s 12
anat ony, masmmn%zﬂd t@itidmsional el therdos GRSy AR OB/ deFsm Ty 38dich - 21

-know edge of the site generally or as derived fromprior analysls of the
particul snalighes Gagl be targeted 9@@'e@TWt(é|0npo‘(§hL@Q]th@é’ﬁtﬁbﬁw re@'ﬁ@ 3Qi8gt h

L2 I's sej) ﬁbﬁgﬁﬁw% MEP@“W?LE@O@%W |satH?e°Eah§|%“th%F trﬁé“[ﬁﬁ&i%ﬁ ‘ﬁ'@l(ur € ol |

fl exure z parti a at™ or near
as rest Zome 3ZErrmsmep|rq3mateo1ro ajfgntthe dlstakermmkeglbam@‘ thereéaorﬂjbtealshaﬁhley
within the renal arter oxi mal

f1 exur e WEhHeargried r'i%é*’f"aarﬁf&n‘ghﬂe? Eh?af r@fe é”?’ﬁ‘éﬁ'”g §e§td%"b§ﬁ5 PgHP r‘ﬁ'&”l?t&gl e
W thin té?%ftv‘?éﬁ" fdfrd §I1q:r{e%0\?v9§]th@%a%é' ﬁof’ﬁﬁa‘:?bﬁﬁ%é ::F(I) r@@ts%gmgz.t girle

| at er, as s own i n B, the len L2 o | exure zone
32 desi rrabnrqtcnitomsrmweesxelet‘mb gmtérubendi étn@tplmmrfnaﬂ flextrer paieed2| wilgtdedoto t he
renal arte Tha because t dis on 20 of the eI at ed
Chart angkd oraBR o AL OGS 260 GniT Tne hRpBna e vicoly Redesehe oAt IS A, (o
t he pro&hg%lmguleemgn@@r@_% (toward the substance of the ki dney), to
acconmodat e other difter ent functions inmportant to the therapeutic

gg{ ﬁ:t 'y‘{tﬁ@@é]aagzh%r ?)or que 2! G&ﬁz&r?e 3255 Wibbg Pen & eSsHrghREk | Bt Bhssddie
mechanical properties that accommodate significant, abrupt flexure or bending at
the access angle a1 near the junction of the aorta and the renal artery. Due to its
size, configuration, and mechanical properties, the proximal flexure zone 32 must
resolve these flexure or bending forces without fracture, collapse, distortion, or
significant twisting. The resolution of these flexure or bending forces by the proximal
flexure zone 32 makes it possible for the distal end region 20 of the elongated shaft
16 to gain entry along the intravascular path 14 into a targeted left or right renal

artery.

[00101] The proximal flexure zone 32 is sized and configured in length L2 to be
less than length L1 (see Fig. 7A). That is because the distance between the femoral
access site and the junction of the aorta and renal artery (typically approximating
about 40 cm to about 55 cm) is generally greater than the length of a renal artery
between the aorta and the most distal treatment site along the length of the renal
artery, which is typically about 4 cm to about 6 cm. The preferred effective length L2

can be derived from textbooks of human anatomy, augmented with a caregiver’s
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the proximal flexure zone 32 nakes it possible to rotate the thernal
heating device to properly position the thermal heating elenment within the
renal artwoyofonrst7seat nent. [00104] In terns of axial amrdTIUSREVOEB4
stiffness, the nmechanical properties of proximal flexure zone 32 can and
desirably do differ fromthe mechani cal properties of the force

t ransm tknoNe&@s lof ARe Hte Jénerailp operAdsBvdd eropt PrioFRInalysix Bf ehg paeticikarand
the force transmttin re?i on serve different functions while in use.

Al t er natMo@hplogynef thﬁga@m &Piteroperties of proximal flexure zone 32 and
force transmtting section 30 can be simlar. [00105] The force

t r ansmi t[00hG2k ectDeasiradly, dkee Vangth  2uisesalected dasnake dxpasisidlie el restda portipme

over a relatively lang length (L1 ) wi.thin the vascul ar th 4 Ln
Cont r astS! FReYiA AaRute A1 a2 pariaifoh the 40N A Y dfehitn HrdhfLito a8 vl
torque Qyefesttteeresiinlrnsdriioh &f Bf@?l*d%ﬁhﬁl fléxupe 26hk B2patia P RERIN the resar!
artery. Inportantly, the proximal flexure zone 32 nust abruptly conformto

an acces¥tenyglee Big. dashows) ulicthismway, theeprximal ﬁﬁmrﬁhéorﬂ%él’r?ed_eﬁ'v%i enal

(s g it bEABRAe o RRT g3 TR e nood nor ™"
A ! | ! 32 i< sl | :

o be 1400788 1 Ml oo BeSedied Ty areelir Setef e g & hobafan BB, e ©

Lransm LeAg (926f iHefordQim a1 HEXr§9éde WOl doddAdiddedd e rlINBAGH ofThe

desired nagnitude of axial stiffness, rotat stiffness, and fleéexibility
for the thedrigeded férgiorad therrenabadeary. Jdablis denedseine distalténshregion 20 of

constituyent ,materia I terials t rovi de_a desi.l.ed asti ¢ nodul. ys
(oxpr esdB8 eidygted ShallaoTieTabl elfgehastindie TagfiSialdedild G tsth

f1 exi bi ltpt Yhe aﬁrd&(ﬁhbl &'ﬁa_x@ﬁé eﬁ_érieﬂ%Zj h@o@@ﬂﬂt’h@ﬁsu@@%r@@nfdfgtﬁétRi@ﬁeﬂf fohe
force transmtting section, e.fg., interns of its interior dianeter, outer
di anet eracopgmodaitecrthes diffesent fonetigsuimportanittatee therapeulds agiestivesotts onal

ar cat o TR AEOEE 1 8! SSRERG T e TR, BBl wI A E R R o
transm tthe ngosiatd ifleruddzomesl 3phaaReit fodsiblé ex woate tne tisnta reating fdevees and
flexibility properties that are unique to their respective functions, S

t
possi bl doti@perhrositier &e therdisl beating slergninvisn Hmjreméaﬁﬁwpﬁaleaﬁme&h'r e

zone 32 conprise the sane materials, size and geonetric configuration such
t hat the[oﬂggéb t darderms tafnaxisleand darssonalntifingss p thex inneghanicst usrepedies aR2
constit uérgxitmha‘? feRUre %gr?et .banc'an and desirably do differ from the mechanical properties

of the force transmitting section 30. This is because the proximal flexure zone 32

and the force transmitting region serve different functions while in use. Alternatively,

the mechanical properties of proximal flexure zone 32 and force transmitting section

30 can be similar.

[00105] The force transmitting section 30 serves in use to transmit axial load and
torque over a relatively long length (L1) within the vascular pathway. In contrast, the
proximal flexure zone 32 needs to transmit axial load and torque over a lesser length
L2 proximate to or within a respective renal artery. Importantly, the proximal flexure
zone 32 must abruptly conform to an access angle a1 near the junction of the aorta
and the respective renal artery, without fracture, collapse, substantial distortion, or
significant twisting. This is a function that the force transmitting zone need not
perform. Accordingly, the proximal flexure zone 32 is sized and configured to be

less stiff and to possess greater flexibility than the force transmitting section 30.

57856-8021.WOOO/LEGAL17467783.1 -22-



3. Internediate Flexure Zone [00108] As shown in Figs. 7A, 7B, and 7C, the
distal end region 20 of the elongated shaft 16 may al so include, distal to
t he proxiwal2ofdsurse zone 32, a second or internedi ate PCeAsc@9InEIIe4 34. The
thermal heating el enent 24 may be supported by the internedi ate flexure

zone 34. [00109] The internedi ate flexure zone 34 is sized, configured, and

has the [gpg0eni calheprdAEli efagriitieaof oaxmH ajtiinadsli trbt%m@haf | s Orand
bendi ng, independent of the proxinmal flexure zone 32, at a preferred

cont act Ty 4or thei nrawimal fiexute zene 83|caafeoblainsst by,selgction of sppstirentor

signifi ?ferr% ePHeﬂgrralggﬁ Cdr8\5| ?gef\heed %Ea% Hrn?o&gﬂg égfbgﬁ%,%oa-l ferms

accommo Xxure su fOI’ vance vi a

a gui de ofad eluag's Mlbduhjse(ET))énfdlcah/eecﬁMleMrtbll‘twtasSwéll’olagfs'eﬁmtlﬁg thgtconBgugtui de
cat het eramq[ 001 _10] The erred contact angle a2 is defined by the angle
t hr ough @an'grléralt'ﬁ@r they QEGen aBPRIENG SOCtioan &8 riRdiAMSy Oélé?sl EH%QT

wi t hin tdﬁm alo Bt §fa¥ndtl e\ﬁrgﬁ%fcﬁﬁe&ogér?cffstr%fu\rﬁe atu*}r%srgr?(? i %_gg

el enent an I nner vva the res ive renal arte

shows) . sHtHosalzéinwnsidres endtgerimeing| Repr2santhtivb eexant @esewulll aieedéi;cmbedeinzone

| ength L3 gtrf%f er aﬁéi/ are based on the native inside 57856-8021 W0O00/ LEGAL1

7467783 Hea®E J§iANBI&Lr of the respective renal artery where the thernal

heatl ng eI enent 24 rests, which may varé bet ween about 2 nm and about 10
¢

nm i[QOABEL c&ﬁh@ﬁghdt ig W@Slﬂa@@eﬂ@ﬁ tee foree trenamitting egection Idapdbdeneen
about 3 éﬂ%ﬁqﬁ%ﬂ RO zgnéng% bg\(?el s@r%eé@%gg%&rmg r?rbge tle%tHfaF? ﬁ % to

ext ends he” proxi mal exure zone targeted

renal artheir yegmautiveifgnctss, itlepossibleythat ke forogtiankhitting selction 60 aricattieng
i nto account the | ength L2 of the proximal flexure zone 32 that extends
into t hérP¥ial ﬂ?l‘léﬂey ZOgg We| ICOHYriSRe t%a%%ﬁ? Fatealsy clgR caNd cIRRMGITIC

artery. dRRBtdi Yudl 358 R IRleniRll SiBheds i hd pRSiER sekuide

end of t I'sta regl on at or e targete eatnent site (as
Fi g. Gstinmﬁacoﬁ'stEUHeethgtslameBsearmnbe deri ved, taking the length L2 |nto
account, fromtextbooks of human anatony, together with a caregiver's

know edge of the sit eneral | ¥, or a der| ved from prior analysis of the
parti cul ar m)rphgﬂ og In a representative enbodi nent,

enbod ﬁ&ﬁﬁi?gbé?‘ﬁas?‘éhéﬁn'ﬁf b 2 0 L8 ket Lo b RE9BN08a of the
elongated shaft 16 may also include, distal to the proximal flexure zone 32, a second
or intermediate flexure zone 34. The thermal heating element 24 may be supported
by the intermediate flexure zone 34.

[00109] The intermediate flexure zone 34 is sized, configured, and has the
mechanical properties that accommodate additional flexure or bending, independent
of the proximal flexure zone 32, at a preferred contact angle a2, without fracture,
collapse, substantial distortion, or significant twisting. The intermediate flexure zone
34 should also accommodate flexure sufficient for the distal end region 20 to
advance via a guide catheter into the renal artery without straightening out the guide
catheter.

[00110] The preferred contact angle a2 is defined by the angle through which the
thermal heating element 24 can be radially deflected within the renal artery to
establish contact between the thermal heating element 24 and an inner wall of the
respective renal artery (as Fig. 6B shows). The size of the contact angle a2 and the
intermediate flexure zone length L3 preferably are based on the native inside
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vessel s, L3 can be as long as about 20 mm In another representative
enbodi nent, and as described later in greater detail, L3 is about 12.5 nm
[001 12] we 2piogn78iA shows, the intermedi ate fl exure zon@CIASe@INesB4 abl y
sized and configured in length L3 to be less than length L2. This is
because, in terns of length, the distance required for actively deflecting

t he t herdiamebsrad the rebpsEiivie rehal BHeryCARbAS themMHeimal wahtin@kldrhéntr 2nadstar tery
is significantly less than the distance required for bending the el ongated

shaft 16vhieh gaan vayceefweepahaue Aot eadiatost (IReMendlis e apmmandor tee
| en9Ln YRRy AR A Sr) T R8N RReh BBl Sl ol gl or Tod! ot <

fl exure Zzone proXi mal Iexure zone 32. [001 13]

Wh th t t d t.h ti tef

YRR U/ S) st e L P S T e P R T Ao g
shown i 3t g fpgth isamtz-,rm@ iR éﬂeﬂ rla%al akﬂ@@n deidl FigdeB) epesiedb V\gfthbh@n th

I nternmedi ate fl exure zone he angee a2’is reduced to anywhere befween

about 43-Jisdseistied] aking @m egmrﬁtthe rgtbdd efethe, prapgioral fligkurelzene: 3Ritoat

pon 1 ul ST B vty AHeH) o et ORI SR Wb v fef TR
confi guradively plbc&itbe tﬁ&mélhﬂaatm eslertEnt2l {daenéd et e enddoThEdists £ndl
radi us of curvature RoC. In enbodi ments vvhere t he curvature of 57856 8021

W000/ L ECRQION7AQ7ataar nearheitaraatee dieatraent sieufas bisnSBsahaiels Flae lengt
cors! =gl ShoRasi A W8 kS I |27BI0 e 1R, SOk 00 ™

cur vat uranabmiyntayeteeti wite o bave@\terbsoktmvaédgarm thbemtebgerndrelly @dlassd@‘ived
curvature RoC of the i nterrr%Fl ate flexure zone, alternatively ma

al ong t HEPMeRGPh 2maly$igoef IRRriGHer dRBEIOIREY Ofwife etafﬁ%teguﬁ;ét df‘e oes
rc‘ﬂ C‘ljﬁ][ grre f}é}%ncﬁf\‘/%t EmbBdFEntdehi @eal?thr@% Rd(L 380 aboﬁf)o'/ 00 t8faddi 18

acircle with an equival ent radi us of curvature
Thus, thenci rlnucérmlermebodlrmms parteglarlyafaentreatimerite insrelalively long be2p x

?gg (Xl(\%sglﬁoLé a2)b42$SO?.O S Iv 5(9 for I%%%o{haeq’ rg;s)re%fen(f"al{lrv\éaetrhjtr)gd%Oe%t BoC=
and as described later in greater detail, L3 is about 12.5 mm.

[00112] As Fig. 7A shows, the intermediate flexure zone 34 is desirably sized
and configured in length L3 to be less than length L2. This is because, in terms of
length, the distance required for actively deflecting the thermal heating element 24
into contact with a wall of the renal artery is significantly less than the distance
required for bending the elongated shaft 16 to gain access from the aorta into the
renal artery. Thus, the length of the renal artery is occupied in large part by the

intermediate flexure zone 34 and not as much by the proximal flexure zone 32.

[00113] When the catheter is outside the patient and the intermediate flexure
zone 34 is in a substantially straight, undeflected configuration, angle a2 (as shown
in Fig. 7C) is approximately 180°. Upon full deflection of the intermediate flexure
zone 34, the angle a2 is reduced to anywhere between about 45° and 180°. In a
representative embodiment, upon full deflection angle a2 is about 75° to about 135°.

In another representative embodiment, upon full deflection angle a2 is about 90°.

[00114] In the deflected configuration of Fig. 7C, the intermediate flexure zone

34 comprises a radius of curvature RoC. In embodiments where the curvature of
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[001 17] Thus, in a representative enbodi ment of internediate fl exure zone
34 where the curvature of the internediate fl exure zone does not vary al ong
t he | engtwoL81o/0mBEse the | ength L3 is about 5mm t o aboutC2Orsegooacss3nher e
the angle a2 is about 75 to about 135, the radius of curvature RoC is about
3mm to about 25mm In a representative enbodi nent of internediate flexure

zone 34 inkemedidie fI@NureatM@3ﬂfddd$€n¢tW Brdé @bAsibledt Wehg tieelefgas LBOthevar y
along the length L3, where the length L3 is about 12.5mm and where the

angl e aZengtha 3ANd7 he soakstitanmys a4 may define the rediupaplicarvibiare; Bogholk 7mm
0" aboutoptmd 0 craBAFSER! AhEVELSIRRO! GPRioBhok AIETIERANE! ol Gyurp zone

34 wher € Phe cur vardare nt er {1 EXUre “zone t vary al ong

t he | enghérdby, thehedtus bé cleragtiie R3CI of theointerhfediaty flende woeiee dteenativglye a2
is about 90, the radi us of curvature RoC is about 8nm [001 18] As will be
appar entmaEéfﬁ'art@Sﬁg(ﬂi‘? leAgih be- r ear ranged such that the Iength L3 and the

radi us of curvature RoC define the angle a2 . Furthernore, uation may
be rear r[ﬁﬂ@;éﬂ] sudm sushtenbedimedits svhere dhe warvatereragesinat varé/ é n@gm f| ne

the | L3.. Th h t t

{1 exur o anEeiRE gt dtactn VRS - AR A Nl e fFTHISrRAE 0L 4 PHERev R A 1

L3, ang'eﬁnﬁ\?alé‘rﬁ't@a"dﬁ}y o6c@vaftiié \RIGI THERCtHEYir&nfRestd bﬁgua’!aﬁp&gh\?déﬁlg the
other two variabl es. 57856-8021 W000/ LEGAL1 7467783 25- ] In the

def | ect eIt i guration of Fig. 7C, the internediate flexure zone 34

| ocates the thermal heating element 24 at a dinension Y froma | ongitudi nal
axis A of the internediate f exur%Oﬁone 4 #ust@%t stal of the proxi
flexure zone 32. The di nensi pg(pargx arlsa;S out 2nmmto about 20 In
sonme configurati ons t he di rrenS| on Y can be from about 5mmto about 15mm

[ 00120] of Y @J r of a human renal artery is
from abJ§p1 S gﬁjogm"é @c@%ﬁ@%? rg:i%tcfehe di stal end of the proxi mal
fl exure zone 32 Were positioned adj acg@ tz3a wal | of an artery having an

8mm di aneter, the internedi ate gdex woul d be capable of (2)

deflection sufficient for the ther mdlthéding2kel ement 24 to contact the
opposite wall of the artery. In other enbodi nents, however, the dinension Y

may havq0e147f f erTéns, Walaurepreskritativd entheetimient df tintefraetiatd degueondaet3di n a
straight or curved vessel. The internedi ate flexure zone 34 is al so

conf i qurdEredheduyaiuieef iheeieimesiate figyuse @rpatdoss nat Va?rﬂl'af?é}gs'ih@rﬂe&gﬁhr om a

S;Zteﬁ' 9 PherbNBePBAYINTES i€ lBEUE SnfRNE about PHfndll ZRASVAG S 2 is

about 75° to about 135°, the radius of curvature RoC is about 3mm to about 25mm.
In a representative embodiment of intermediate flexure zone 34 where the curvature
of the intermediate flexure zone does not vary along the length L3, where the length
L3 is about 12.5mm, and where the angle a2 is about 75° to about 135°, the radius
of curvature RoC is about 7mm to about 16mm. In a representative embodiment of
intermediate flexure zone 34 where the curvature of the intermediate flexure zone
does not vary along the length L3, where the length L3 is about 12.5mm, and where

the angle a2 is about 90°, the radius of curvature RoC is about 8mm.

[00118] As will be apparent, Equation (2) may be rearranged such that the length
L3 and the radius of curvature RoC define the angle a2. Furthermore, Equation (2)
may be rearranged such that the radius of curvature RoC and the angle a2 define
the length L3. Thus, in embodiments where the curvature of intermediate flexure
zone 34 does not vary along the length L3, any one of the length L3, angle a2 and

radius of curvature RoC may be specified by specifying the other two variables.
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on the dinmension Y and the length L3. [00121] As Fig. 7C shows, having
proxi mal and internedi ate fl exure zones 32 and 34, the distal end region 20
of the elwogatedsshaft 16 can, in use, be placed into arPcomsb@r/06984ti - bend
structure 36. The conplex, nulti-bend structure 36 conprises one defl ection
region at the access angle al over a length L2 (the proximl flexure zone

32) and [80% nd |glehé eRdfleeed eghfijuratiort b8 RPN @CtheaMgénddlary Réxwrel Am@t h L3
(the internmediate flexure zone 34). In the conplex, nmulti-bend, both L2 and

L3 and afylosates thedhergakheatingaplegiant &4, attadimensige Yaliee @ hengitvgingl #xisand

ength L2 oRi PRSHIGIAY BhARL-B00 SA90L UEEH 8 SRk ATREIR LORTaN 1Y

a
into a respective rena y noral  artery access point, “and
t he angldmaasindy lcangtdny fdraabosp2einatd wbsiuz20meandircssrhe Bdngiguiatioak] the a
thermal heating elenent 24 with an interior wall inside the renal artery.
[ 00122] dimensieN; Y castiealfed ahasd e aboEe1o@ny. - Fig. 7C), the
i nternmedi ate flexure zone 34 is sized and configured to allow a caregiver
to renot[@092Qkf | & Wakeofi axampiedithe eaviarage idiarmeies G4aviiumnam renal peagl is

artery, fo radiall Siti the .t hermal, heati | enent,,. 24 into nt act
nith o i pm 8 P B ARSI by of M FREHing hepRRLfERIR
enbodi neihe 32 ¢erd b@bitiﬁﬁé@_@ﬂja‘iﬁhtﬁ) & ol bt @rtéﬂ?%eivﬁﬁ anBdiratdkahb®fuihe zone
34. The control nechani smincludes a control wire 40 57856-8021 W0O00/ LEGAL1

7467783 interpediate deKere zane Be wauld Ae cepablsr oftarflectipr shiigientdor thexbeenabone

Gesori pOpRREMELEHE 28088 EREInd oSl WhfloFkftPardd® Ut ddmBldnfd s, P

descri bed 1 n¥greater d e contr 'S passe

pr oxi malHowéver otgh dimensibanganed Ishaf & diffesart calupl &dl ntayaibeacversized @60 on
t he handl e _assenbly 200. Operation of the actuator 260 (e,g., by the .

car egi veRCHiAe CRAIEH Jx ArElaIghtedr SHvRdyRPsR)- f ieuiameiakectieratrs Zopg034 Sul | s
t he cont LK | [ : he

i nt er modh 2 SO RREatOyRP Mot HRARAG HeHEnT28 iy ChlidnyBh D8 rioth
bendi ng.digtak endrgirtbe sroxinfad flegurenzomeid32n al he @imension e captvarpaé.g., based

directionally biased stiffnpess cribed further below) of the
i nt er red@hE 4IMGRgID ?@r‘?@ tﬁﬁﬁ%{éétﬁii’rs the internediate flexure zone 34 and,
thereby, radially noves the thernal heating elenment 24 toward an interior
wal | of [0A&21knaiAsaFigeric chows) faviel BreximB3. ap@ontennediade flegsule zagewnidd be
describ | - L , | r egj :
el ongat e dsﬁ%%bg?%&c%g%ﬁ%gé I?éggecgr;[gé%gonﬁag%@éggﬁg6v(ga?',y?r?H§Q’st§)élP nggsmto
a complex, multi-bend structure 36. The complex, multi-bend structure 36 comprises
one deflection region at the access angle a1 over a length L2 (the proximal flexure
zone 32) and a second deflection region at the contact angle a2 over a length L3
(the intermediate flexure zone 34). In the complex, multi-bend, both L2 and L3 and
angle a1 and angle a2 can differ. This is because the angle a1 and length L2 are
specially sized and configured to gain access from an aorta into a respective renal
artery through a femoral artery access point, and the angle a2 and length L3 are
specially sized and configured to align a thermal heating element 24 with an interior

wall inside the renal artery.

[00122] In the illustrated embodiment (see, e.g., Fig. 7C), the intermediate
flexure zone 34 is sized and configured to allow a caregiver to remotely deflect the
intermediate flexure zone 34 within the renal artery, to radially position the thermal
heating element 24 into contact with an inner wall of the renal artery.

[00123] In the illustrated embodiment, a control mechanism is coupled to the

intermediate flexure zone 34. The control mechanism includes a control wire 40
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of the internediate flexure zone 34 about its circunference. The variable
circunferential stiffness inparts preferential and directional bending to

t he i nt erwedneesfrsexure zone 34 (i.e., directionally birasas2ewiobd3ness). In
response to operation of the actuator 260, the internediate flexure zone 34
may be configured to bend in a single preferential direction.

Repr esendtiiched riasidigal enexemiie intentedibies flerateizonai 34 (Herepessanitdn@ i n
greater detail later. [00125] The conpressive and bending force and

resul ti rRineedigE@Nt dhghowanii ingss i hande1deranst wilbhe siescriged i arerigr detail
1 X JBPE o, BRPLONAEOTEEREE S RO Alp Bl §1AETS 6 1

I nternmedr ate contro serves to

| ncr easecdupiechto ah axtudtbn2e6 onf thehieandié erssedibit 200! eparetiaoné thé @aaddr | n

terns of_axial and torsional stiffnesses, the nmechani cal properties_of

i nt er medilt €9+ B e CatsslveI PUIHIY Prapmalbse QpPySkipg fawardrthe @siHatae260)

mechani p TS i f : WS u t he

pr oxi mal exure zone and the 1 nternediate exure zone 34 serve
cpﬂJrlllsptrh% Ebhtr&l w@% 46‘33a|%h% H?bly é?&%&eﬁ?u@@ ard bE'r’ﬂblﬁwéj forbeCRUffR

di f f er eribtefmedtaterfiexutd rene 84 as FigOF2 Ahd THRE phow) nedultingiubendinge T2

|t o7 ModRASeRPLR LRECS IR TATTRUSY Wi dhEaical (aech T ahbiRe TS o

zone 34 (Has@iR ShuAhdr 2B8oagniok gﬁfeteﬁnfé?rﬁé%iéiéf hegiRd FGEPtH Ydaddid nirche

renal artery by the caregiver. | I's arrangement, |less resistance to
def | ect iinterinedide i flexire. zand 34 and, ftharsbyorradielly mowyepr el tredrnfdl eveatingzone

32 need not 57 -802 0/ LE 1 746778 -27-per f Accordi ngly, the
"ht or redlANE! PARNE AL IRNE ateadas R EPGHREd to be i ess
stiff (when_ the control wire 40 is not actuated) and, .inportantly, to
possess 0BARIL, RSB 135, Yhaie ORBCHRSKI el oples e ol JBTRE, 30° 1 GiSal st
one pl a Folpl ] | WRESH ' ; one
34 bei neIarsTap! e opHBseER]srat 10 pallEieaiasi BhE goRhGiERtoary i st et

f | exur e ofottee Sibtarhmenlifh tleruec cepe &dglaboait s sciecuhfererice.t hd hientvariabléi at e
flexure zone 34 al so includes nechani cal properties that, acco date, its

{1 exur 6 GELOUREENIG a5 TSSprIOPEF Ped S ELEUE afgPe APCURNEhdtR A Ac s e

col | aps@nteriiai-Aatickurdlipher 84 qie., AdiredtiBRAAY Gibed Wifidddy. Ofn Fépdplsangat ed
shaft 16 . [00129] The desired nmagnitude of” axial stiffnéss, rotational

sti f f nesaperatien of e aitlatoy 266y thenistermestiatediexuee rora 3tenayhe Rafigaredie
obtai nedbe% ?nelaegitn'g ch p(r)efferential direction. Representative embodiments exemplifying

this feature will be described in greater detail later.

[00125] The compressive and bending force and resulting directional bending
from the deflection of the intermediate flexure zone 34 has the consequence of
altering the axial stiffness of the intermediate flexure zone. The actuation of the

control wire 40 serves to increase the axial stiffness of the intermediate flexure zone.

[00126] In terms of axial and torsional stiffnesses, the mechanical properties of
intermediate flexure zone 34 can, and desirably do, differ from the mechanical
properties of the proximal flexure zone 32. This is because the proximal flexure zone
32 and the intermediate flexure zone 34 serve different functions while in use.

[00127] The proximal flexure zone 32 transmits axial load and torque over a
longer length (L2) than the intermediate flexure zone 34 (L3). Importantly, the
intermediate flexure zone 34 is also sized and configured to be deflected remotely
within the renal artery by the caregiver. In this arrangement, less resistance to
deflection is desirable. This is a function that the proximal flexure zone 32 need not
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constituent material or materials to provide a desired el astic nodul us
(expressed, e.g., interns of a Young's Moddulus (E)) indicative of
flexibiliwg20sa7895] as by selecting the construct and ecmfusgewasdssn of the
intermedi ate flexure zone 34, e.g., interns of its interior dianeter,

outer dianmeter, wall thickness, and structural features, including

cross- sesdricrial  AtdBramighi sthanéhieensdibiey fekery eonBt 84 | kedexirdaN aszed ldndbe
described in greater detail later. Axial stiffness, torsional stiffness,

and 11 eXIGRIDHTER teree [asssat (Whent awconiel wireridhisial ackimichandTeoreBtyi n
e A . .
ot er medoass PR Bred S0 AdRbidb R MefoRERAL RAGre 200 2R &' B Tle Blihe

properticgfsnotioraxi al stiffness sufficient to transmt to the thermal heating
el ement 24 an axial locating force. By pulling back on the handl e assenbly

200, axi[pb1pey cesstil edcaass Mt ffleMiedibfe flRkOR tZonas Byt tb'ew% shstal @p #fe and
the proximal ‘and internedi ate fl exure zones 32 and 34 to retract the

t her mal piesimaldlesueneene 32, piecadps dve peoximal Bexurerzonansy tirough thearecessey)

b B0 S o A R R hee L pee
secti on piBpeniésithet accoxmmBtatiit fleXure e Hedtihdf dtake preepiresactessrmgial 0
advance the thernmal heating elenment 24 in a distal direction S@t oward the

ki dney) WithaHtnfrapiireefgllapse.esybstantial gistexiaml of etigaidicah tefstinge ofii Kieal
end regi mal heating element 24 within the renal artery can be
acconpl iésr %@Saréﬂﬁgmgir egi ver by mani pul ati ng the handl e assenbly 200 or

shaft fr Si the intravascul ar path 14...57856-8021 [ LEGALL
Sac7783 001381 7 o Feat Bl PUARTHEE . of Serdel siiiReehe BrORNHAI St iRgSS: and
i nt er mediexiith | XUhe FReesedidtcamexde 2bhe Sesddradley obtihed eyt @erRicBBAl of
strength properties that will allow the transm ssion of sufficient

rot at i orRgInsti tienateripbpaeaterialsdiospeividend desjieshelzstiomogdus rlexpriessed,
devi ce sugh t e r el fi l 24 i .angsj.d h

ci rcunf éeg %hc@ toe%n}%hg b c%#%@gs%mﬁ R%\kﬁénd]E%EeV% ﬁﬁc efr%r)r(e?ddlﬁgt %Sf ﬁ'gﬁugse bilone
34 is defdiestingdtheBonptiliti &gd eonfiglerhiiog odthd Meedsddliateoiiexupe aohe 2t etdiein

t hernmal heati n% el enent 24 such that it achi eves vessel wall contact, and
then r ottﬁfmﬁ@ft‘ RdntesPE diamelgs reuter ﬁ@r’%%téf,i%@“ Bicknegs. and strueturalfeatyrest and

I nt er medj f K Eﬁmﬁ L an be
r ot at edqbﬁbgm |dr?§%l§ gren |g%%@?ﬁngmgpﬁitdr%%m]%ﬁ{'enﬁrggﬁtéﬁ% ggﬁggsscvﬁt?e%d
| at er, tdeseribed &t gneptéedetaildanaliéd dtiffaess, torsiahal gpiEnatserardflexbitityaane

vessel wall contact as the thermal hﬁati ng_el enment 24 is being rel ocated
properties that can be measured and charactéerized in conventional ways:

[00130] As before described, both the proximal and intermediate flexure zones
32 and 34 desirably include the mechanical properties of axial stiffness sufficient to
transmit to the thermal heating element 24 an axial locating force. By pulling back
on the handle assembly 200, axial forces are transmitted by the force transmitting
section 30 and the proximal and intermediate flexure zones 32 and 34 to retract the
thermal heating element 24 in a proximal direction (away from the kidney) within the
renal artery. Likewise, by pushing forward on the handle assembly 200, axial forces
are transmitted by the force transmitting section 30 and the proximal and
intermediate flexure zones 32 and 34 to advance the thermal heating element 24 in
a distal direction (toward the kidney) within the renal artery. Thus, proximal retraction
of the distal end region 20 and thermal heating element 24 within the renal artery
can be accomplished by the caregiver by manipulating the handle assembly 200 or

shaft from outside the intravascular path 14.
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to another treatnment site. By mamintaining wall contact in between
treatnents, the clinical operator is able to achieve wall contact in
subsequernwotpat7sEgAt s Wit h hi gher certainty in orientatPOCmAIS2A0I069330r
visualization. 4 . Distal Flexure Zone [00132] As Figs. 7A, 7B, 7C, and 7D
show, the distal end region 20 of the elongated shaft 16 can al so incl ude,

di st al t[00‘1313] | Nty pefdir@tdesthisedir Sothothe %xm@alté}hd thtermédisteakleklirexzbrieszone
44. |In this arrangenent, the length L3 of the internediate flexure zone 34

may be sHoendndd ago Hasiraghnincudeviersionabmiengiis proreriendhat wiill @Hewdine al

fl exure k h

carried té&?ﬁ‘?‘wg&gﬂ O#Jﬂ'ﬁg%f&gw%' reFozE)cﬂg{eZQ., Bg?élf%?%cféq?ﬁﬁr?gl éﬁ%e

fl exure tzammehé duavide eessacﬁ hieat trey adrnied abédtinge lefammatt 24 gt alohgsidest@l end
of distal end regi on 20. [00133] As Fig. 7D shows, the distal flexure, zone

44 is siGEYMIBERICEgRY the b NEESEL H@a|h1¥‘6}%h f@almtﬁﬂﬁﬁ@?ﬁq d8XyNeazonR c¥ntfodat e

additio u | e the | R 32
and ther}fér]:ltefgrérirf(edégtw” ﬁ%rg&hlﬁ@@zqﬂg é’é&u%{o&@r rdgﬂé) r eat rtrrién ang?gt@e

The di stedémihe2dr suctotieatdid achmvied wdssel actiocondidet, earid theur eotatifid itioe dokcef or

t he distal end. n 20 to ad n de cat het into the_renal

b Cery WASTUNING: SeRton: dhERg: U I HoS s GaTE AR RETGHAR Tesd QPR At o
the bl oogy v[ﬁéStﬁbrmJ hﬁeét?@b%ﬁ%nt%bﬁn% R;t?teodr%ﬁaf&rrcumfafynfnbpggfh {uitRiur e
about the axis of al end region 20 (a representative enbodinent is
shown |rthE|rgnaI1a3’©ry Mtdaawlbedﬂaterdhrserotatmnfeamre@‘nabms hleydinahaperfatexur e
at the distal EoQGGHLS (L NI es se,.to contact, bet ween t he

Cher mal A IRN dPSTETAbGoRAG! &5 Mt BT RBaug el ARG Telogsiad
tissue Qé%tﬁ@ﬁﬂebﬁnéﬁl@sﬁ@d'w nidaithpiid %Iloéorftﬁéﬂt hhsstirlenheedtnihts] greent
24 at the internediate flexure zone 34 (see Fig. 6B). Passive defl ection of
t he di stalinicel eraradorzisrable teachieyetwall eontactcialsubsenuent tre@tmenis wiill higkedback
via flu dance of vessel wall contact.

Addi ti on‘%%?f%/ﬂ%{%ghﬁﬁ@@f‘sW@ﬂﬂ%ﬁ%ﬁizg@ fi'r abl y orients the region of

ti ssue contact along a side of the thermal heating el enent 24, thereby

I ncreasi ng the adea ®istabRlexQte Zdhe di stal flexure zone 44 al so bi ases the
t hermal heating el enent 24 against tissue, thereby stabilizing the thernal
heati ng [obesENt 24 FigR01B4] 7Bhed,uaed iTm show, hedtistal eld exgion 20N e

provides additional benefits to t'he t herapy. As actuation of the control
wire 40 slorgaiad eshafthd6 58 plsét inclusles sligial Fqﬂ;he intermediate flexure zone 34, a

third or distal flexure zone 44. In this arrangement, the length L3 of the intermediate

flexure zone 34 may be shortened by a length L4, which comprises the length of the
distal flexure zone 44. In this arrangement, the thermal heating element 24 is carried
at the end of the distal flexure zone 44. In effect the distal flexure zone 44
buttresses the thermal heating element 24 at the distal end of distal end region 20.

[00133] As Fig. 7D shows, the distal flexure zone 44 is sized, configured, and
has the mechanical properties that accommodate additional flexure or bending,
independent of the proximal flexure zone 32 and the intermediate flexure zone 34, at
a preferred treatment angle a3. The distal flexure zone 44 should also
accommodate flexure sufficient for the distal end region 20 to advance via a guide
catheter into the renal artery without straightening out the guide catheter or causing
injury to the blood vessel. The treatment angle a3 provides for significant flexure
about the axis of the distal end region 20 (a representative embodiment is shown in
Fig. 15C). Not under the direct control of the physician, flexure at the distal flexure

zone occurs in response to contact between the thermal heating element 24 and
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internmediate flexure zone 34, the distal flexure zone effectively reduces
the contact force between the thernmal heating el enment 24 and the vessel
wal | . By welzoemi7atysor reducing this contact force, the @#CTisko0iesds e zone
m nim zes the chance of nechanical injury to the vessel wall and avoids
excessive contact between the thernmal heating el enent and vessel wall (see

di scussie4ll BésrcbeosiGhed B?Qh@rr@@q)al dé&fMéEtidn] ofme ihermadihsdtmiseletrient Pdsael
flexure zone 44 is desirably sized and _configured in length L4 to be |ess

than | ergeniniesmeniiate fexuseczanse 34i seeeligs @) | Ergoive epedion: ah&e digal r ed
for Or 1 SRS B FHARES' NG JRFARP bS] 08 (SABIRR 2 fPos@i Gt

wth a renal” artery 1s'significan ess than t

requi r edbther angidgedphic defdacei ofgvédsel wwlrcmitaﬂeaAddgloemeethe (ﬂétavvrﬂehume t he
renal artery. In some enbodi nents, | ength L4 can be as |ong as about cm
In ot herZaR¥bEaFHRRIY sOrianie th@nﬁgﬂpﬂ_zpfl%gspﬁoﬁ?%tﬁéh@'@gnﬁ fs@'eaBBdiFe 5thﬁ’fﬁ‘all n

one reprr?e%?lﬂgaélém%nﬁﬁﬁomé?@&h1n<{r@§S|n Hé%réélogéoﬁt% pt Tﬁe fgg?ﬂﬁll’gtiwe

representati Ve enbodi nent engt | S about
nmechani ¢ ajsodpasds te mierrdalshedatlrfg ehemeentMnagamstatlmtuehmerebyestwdlzan@the

fl exure one Ij}e I.n tc% g% axial stiffness, torsional stiffness, and
f1 exi bi It ?SF”% aigg %&P fe. However, the distal flexure zone 44 can be
si zed and confi gured |l ess stiff and, inportantly, to possess greater

f 1 exi bi I[pp§/3ﬂqan Tﬂ@efunﬁt'@? ebdeadistal flsxwre ZQBﬁé%mrovml@ﬂlthﬁﬁlth%eﬂ sto
enbodi mepk i Uk, dege rchFaqﬁo% @%&4?%%.@45 'ngcregges '8 x §£ﬁnesesn9f fregi on

20 may conprise’a proxima exureé zone rmediate fl exureé zone

34, and intetingtiddte fllegure eore@ 34, 4k diEts flaxoxe mehe dffectvety dedticesatng chrstbet
flexure 57856- 8021 W00/ LEGAL1 7467783 1 - 30- zones function |ndefpendent
f r om eadAGS Reweesptnen rmﬁbhaamgaplwtr%dgaaﬁ Do \eesehwak Shgea!Byingnfft 16

can, in r’é&ﬁcungedﬂécom btntf8rc% MR dﬁogérp%%re ! %mn’f@éé'm%n%h%ﬁéé’céf”e

36. The conpo ti-be structure 36 conprises a proxi nal
def | ect |mecrnagcainln;urytﬂoetrm:wsselawgllearai ame'ds axtesgjen cbzta(dt hectpreeri tngel

v ' G e Bo TPt ALAGH AR A rrdhash 1 © =2
defl ection region at the treatnent an |l e a3 over a length L4 (the distal

f1 exur e [084385k4) AS Rig-heAcImyB | Bexurgzene Bénis sepieblyirezes ang |
| engt hs c{tﬁvﬁgbﬁe ‘iajﬁngah 3_’1?1 d?"ﬂehf’{%%l f?r%naﬂen e 3‘3"‘G|'h§’s3 |5C%Bcgu§é eh- telfsSof S

because e ang engt are sp C|a 'y 'si
length, the distance required for orienting and stabilizing the thermal heating element

24 in contact with a wall of the renal artery is significantly less than the distance
required for radially deflecting the thermal heating element 24 within the renal artery.
In some embodiments, length L4 can be as long as about 1 cm. In other
embodiments, the length L4 is from about 2 mm to about 5 mm. In one
representative embodiment, the length L4 is about 5 mm. In another representative
embodiment, the length L4 is about 2 mm.

[00136] The mechanical properties of distal flexure zone 44 and the intermediate
flexure zone 34 in terms of axial stiffness, torsional stiffness, and flexibility can be
comparable. However, the distal flexure zone 44 can be sized and configured to be
less stiff and, importantly, to possess greater flexibility than the intermediate flexure
zone 34.

[00137] In the embodiment just described (and as shown in Fig. 7D), the distal
end region 20 may comprise a proximal flexure zone 32, an intermediate flexure

zone 34, and a distal flexure zone 44. The proximal, intermediate and distal flexure
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and configured to gain access froman aorta into a respective renal artery
through a fenoral artery access point; the angle a2 and |length L3 are

speci al | yweizamdh78x1d configured to align a thermal heati RGTAISRINRN69324]
element with an interior wall inside the renal artery; and the angle a3 and
| ength L4 are specially sized and configured to optim ze surface contact

bet ween Agneguanativh intkepeheentirommesicotrRires® tidtiinatdistanrand ¢é?|©h62096i the
[ 00138] The conposite length of L2, L3 and L4 of the proxim i nternedi ate

and di stelpngated ihaftz §hean, irssecbrvRiRged ditoraanereseampewad - enerex20ulti ong
h th f h of
the ot REaerey 3B oFOF CoBfpfrkd, 20Fhigk, ARNER] il bofeliEeps" ©

1+L2+L 34drdximdl hdefleetigh hregiont e tHdacoeds laegte ug @}@rmmeogthslmac(ihfei pmxamal
wor ki ng Ieng@t]h of the elongated shaft 16 of the treatnent device

sone r epleXSEREANE 2 )eRBJBIGTBIANAE G TeCliBR KPAIPN BhEtencoriaghanglese? St |
about  1aengh L3 R [RBIRSE i é%lfree{)aeﬁéggzg CaRII UeeAiEn TBLRA & ttle®

used, t hen t hi s ‘wor engt cmto out
al t er nattresgimgnt ange athdvengt kength dé (tree tiestt@rﬂemrelszede 44t)em tHa sompokndug

<" s comlaxC Rl-ogre Sy oReB oty At ko s st T 4 sbatioicrrsl it ¢
Size andfeRBiG atfep 1¢fs 1d1BeddReBie bﬁ?‘lb'd‘gaﬁbqgﬁ@% L?raré\%%@\éll Gized

Neur omodul ation in a Renal Artery [00139 I's desirable to crea
mul ti pl erfdoeenfigused mlgatrhaccme‘r@hramaorém émoiaardspestiivee eghad laviegy thfeugh a

| ongi tudi_nal axi,s of the ren arter hi s p 03¢ h avoi ds the
creat i odeBrral pEn apfeePPEL: U SFhl: apye T Ioalhi Th audFHecHIN: S60t it <k
of vessezionsi@aféwtosangmItﬁeﬁsﬁauHea@mgve@m@gt Qh%lémléﬁf wwaterténor wall inside
circunferentially treat the 57856-38021 W00/ LEGAL1 7467783 1 -31 -renal

pl exus, tAAireRal aterysapdBhe engidhedianchienoendt aretsnegiallytsized gadiqoabgeredor
each |e ._GO t v - S se
the. pr otaor I Tt T acteer St PR 1bo5s EERCHe Blektal reRRRG Sk RsbPEEs

t hat eackarisfed elemept. be too | arge (e.g., > 60% of vessel circunf erence)

|l est the risk of a stenotic effect increases (or other undesirable healing

responsqpo898 aTHeEPosite RhFRI b2 ar3 ﬁﬁbl Lateripk Hexme) mtéanéoﬁ;até'a‘Héj
i nportant that each Iesion be Sufficiently deep to penetrate into and

beyond tdistahfiexurei zones; asesnmtlezbhv @ffcf@eztdlstadeemctmglom&wéon@ witbstbei Isagthi n

]9:’ fgz e[ rLeaQﬁfé‘lﬁtl%gl O&/an et{lng sec ‘iaoar;[ éa%ngltﬁe engt% of Thel hbeermd?lh'e\é ﬁg%Ietrﬁen
24 (i.e., the composite length equal to L1+L2+L3+L4 + the length of the thermal
heating element), specifies a working length of the elongated shaft 16 of the
treatment device 12. In some representative embodiments, this working length is
about 40 cm to about 125 cm. In a representative embodiment where no guide
catheter is used, then this working length may be about 40 cm to about 50 cm. I,
alternatively, a 55 cm length guide catheter is used, then this working length may be
about 70 cm to about 80 cm. If a 90 cm length guide catheter is used, then this

working length may be about 105 cm to about 115 cm.

C. Size and Configuration of the Thermal Heating Element for Achieving
Neuromodulation in a Renal Artery

[00139] It is desirable to create multiple focal lesions that are circumferentially
spaced along the longitudinal axis of the renal artery. This treatment approach
avoids the creation of a full-circle lesion, thereby mitigating and reducing the risk of
vessel stenosis, while still providing the opportunity to circumferentially treat the
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within the renal artery such that the thermal heating elenent 24 is
positioned in contact with an interior wall of the artery for treating the
renal pl exo0(ee178i g. 19C). Once positioned within thepPaTiuseqooasIddesi r ed,
energy may be delivered via the thermal heating elenent to create a first
focal lesion at this first treatnent site (see Fig. 19D). The first focal

| esi on qeAat prxasf whidh g ealtiButed Zgowsutt that renal Referg.ont i) wedkalslentar edarny
around the circunference of the renal artery in a radial plane or
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thereby creating a second treatnent zone and a second untreated zone (see

Fi g. 19#6;&0[10199@2]&@&%@ Al the WayraeUnd dae GERIMIRIRECE 0k M yessel rall) f iAsst
focal |egian, :tTL?E‘reSiE%OHQFFe{tﬁ%}n%%E & 98fe 'a%oﬂﬂohé‘efﬂéurﬂﬁléﬁ?ég?‘tﬁe %B@r

conplete circunference o e renal arte rst eond
t r eat nernthezaded [ ase weél theafirst reatmest zand r&:eumhdo uherleagitudinanasiy @fr the
angul ar lglrte?’{/]d | ongi tudinally of fset from one anot her

[00140] After formation of the first focal lesion at the first treatment zone, the
thermal heating element 24 may be angularly repositioned relative to the renal artery
(see Figs. 19E and 19F). This angular repositioning may be achieved, for example,
by angularly rotating the elongated shaft 16 of treatment device 12 via handle
assembly 200 (see Fig. 16A). In addition to angular repositioning of the thermal
heating element 24, the thermal heating element may be repositioned along the
lengthwise or longitudinal dimension of the renal artery (see Fig. 19E). This
longitudinal repositioning may be achieved, for example, by translating the elongated
shaft 16 of treatment device 12 via handle assembly 200, and may occur before,

after or concurrent with angular repositioning of the thermal heating element 24.

[00141] Repositioning the thermal heating element 24 in both the longitudinal
and angular dimensions places the thermal heating element in contact with the
interior wall of the renal artery at a second treatment site for treating the renal plexus
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about the angul ar and | engthw se di nensions of the renal artery,
respectively (see FIG 19G . Superinposing the first and second treatnent
zones, wwohoawEasssi ti oned al ong di fferent cross-secti @ng/useomadi3ad pl anes
of the renal artery, about a commbn cross-section provides a conposite
treatment zone that covers a greater portion of the circunference of the

artery tgas Ryt hoF).t EFR&igyeitenzag badieiveteal Vix - thésthbhhal BN elednéritert ment
zone is not continuous (i.e., it is formed fromnmnultiple, |ongitudinally
and angUPERI3 segriikipaat eamiore At this sespnd itieatmenk piest tbarabyagreating @agegond

Por ti 0N 0oty SLACURE S SUGRUntdifed LhRL AL PRl gy be treated with

reduced risk © as conpa formation of a single focal

| esi ' i yal ti f th i al i ni ] t

singl o ADBLEREn: s PAN IHE T EeM] e Efbaledtye i I leBiesiit e,
si ngl e JRBAdSPEAtMt Fonkhe HRNINtiALLES bout BEl ¢8inpidte @FcurrererRedbt iHenal
focal lesions nay be fornmed at one or nore additional angul arlégand

| ongi t udenal ajerypatlewevesdbedirat asidisecond tegatencat zaaes {asowell aargeffisstiandand

ropresemtaeny L ARBAE AdnES) g arfRpEN: AGIoh rind Brofsstorom, Aot
treat merdbol@neS aMigOIHrdaRd ferg@ipieei dimensRisnenthezmal biaty, i respedtivedn{deruous
(i.e., that is broken up along the |engthw se dinmension or |ongitudinal

axi s of klfe ﬂ_%ﬁétl aupsrinposiig  theafirst sarRy peecand; érlqa}mem EPResr SMRich arE | e.
that subaianiicdl di¥ng ikt Aldss!DEBARY of FaYALDLAES G b B e Spesy Andue
renal artery over a’lengthw se segnment 0 e artery). I'S 'sup€rinposed

t r eat mrerdonzmoa dresesictian pyovides ancomposits ereatrnent zon® tisatccovausfaegaateral

| esion al ong any individual radial plane or cross-section norngl ailjo t he
artery, Rl h O Feeiteranes 9 tf@raﬁ%fmteame'thsf @eémﬁsﬁ%@f'[ﬂ?‘w&{q W, As
conpar ednpi<0 i a filous’ €t & i

ci rcunf gpresn%: ?@PBF?S%%%F%})%?Q% Il%lonﬁ&izté)%@ |I nugﬁsﬁ%it"r gﬁlﬁfcﬁeaﬁgﬁta ;Jg?ﬁt Fneugtlprlnea’nt by
posi t i orlongjtudialtyaéind esiguteglyeseanmat (reatnaentdzdries) eittis @axgetitad that engeeatems

| | tij.pl | t hwi | i 57856- 802 /| LEGAL1 7467783 1
2aarS cherlif Brire Urpunirents B o8 2riERH | Well dhar b e bteq purrdugea ek or
pr opagat\@saboBerdaRs, | £ Eoiared HomRIHIBn0bf heirdld ab¥al YRt 2BAME &M

structures can be neural fibers and/or structures that support the neural
fibers (eguyalentheortionadf theexrtaral drgurtieramceeat & silgledicatvrnt al@use., at a

ot oot s Tndee oot R RERNal BLeBhitne ShBistyobE e it O} R sl #ubhai menei on of

the arte[%ugluchdanse Sorrmr%E')Pe g%glﬁilo%alc?(lxl:a?'lesvﬁag r%a;?obnet if(g]rlflr(ljeudS at one or more
additional angularly and longitudinally spaced treatment sites to created additional
angularly and longitudinally spaced treatment zones (see Figs. 19G-19K). In one
representative embodiment, superimposition of all or a portion of the treatment
zones provides a composite treatment zone that is non-continuous (i.e., that is
broken up along the lengthwise dimension or longitudinal axis of the renal artery),
yet that is substantially circumferential (i.e., that substantially extends all the way
around the circumference of the renal artery over a lengthwise segment of the
artery). This superimposed treatment zone beneficially does not create a continuous
circumferential lesion along any individual radial plane or cross-section normal to the
artery, which may reduce a risk of acute or late stenosis formation, as compared to

circumferential treatments that create a continuous circumferential lesion.

[00144] Non-continuous circumferential treatment by positioning thermal heating

element(s) at different angular orientations along multiple lengthwise locations may
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circunferential lesion alternatively to be fornmed, the angul ar or
circunferential orientation of the snoboth nmuscle cells relative to the
artery nmewoioovegssé a ri sk of acute or |ate stenosis. [ @OTABSROW069334
mul ti-thermal heating elenment configurations (e.g., nmulti-electrode
configurations), such as in Fig. 6D, multiple non-continuous

ci r cunf gyrefdreatiallyr aftoeahatnies ealckeesrtrat edbstantialy prépagate slehhetrer
pl acenent within the renal artery. The nmultiple thermal heating el enents

can be spaghwistdimensioral ir ﬁrt@WatSbtqhwe@n%tQ@I¢amyu9w6ﬁ@an3beaﬂeur@h@ner§r| y
d t t
ofraet Ao REaLeutT Hehaa metd tpick e TERA AerdeR figtiry

rotatiorsuch hbe-contlaticentirdeviferentid traatmeaosialyi witigate drhedoet betehtisity
el enents to create additjonal |ongitudinal It%/@and angul arly se&ar at ed

treat ner{ndgsHaRle 1fiackbynglreti fy Sihetpescial dHepagale AKautt na Anguar e
mul 1 pl &yitieRaiofe s #" ST sfish h&% 1@%?10%@&% 20iso it b e8hfRRus ones

via only two catheter acenment’s I'n"sone enbodi nent s st al
end r eg|muﬂﬁem‘ntlehées;loeaalrt\m*nBUMy| toe be2 forayed; other iesgukar het icralmderehéal ed
confi gurat| {1 mul t| l.e thermal |, enment s posi tioned al ongof ts

heat
Cengt h. SRl e UL 46 e ery PeR nerease, At

renal aréc%"tdor?d’t‘@sf@Hdsis"' e thermal heating el enents 24 may be spaced
circunferentially along the |ongitudinal Iength of the distal end region in

cont act e[Wbtllﬂs he |yl iiihethg) arLta‘ﬁFm el'err‘n Qiucﬁ?‘?‘é’t(é 2 Qb e‘F fddauous

circunferenti treatnent may hi eve VI a single ’het er acement
wi t hout comdig Ueatlons) | doght @gi mal Figep@d,t inountiple afort- h@ntmmUal oa'nclmfa@ntzal 20.
[00147] As descr| bed éand as @9dt18A shows the thermal heati nqhel enent 24

i s si zedreaidNeRbAPNGRICEA, 08 Aregs BN GhelRgle eainear laeament Witin thedepahal
artery. h nfa”ﬁ% t I ENQ
el enent AZrEA-fér%aE-eHsel @ngﬁﬁﬁo a%gtl %Eerrﬁ(éj@%f: ngl?ezgé%%en%aﬁgrllcﬁ&%g?g Etﬁ gﬁ%ﬂgpl y
an el ectthey are floreditldircatiyr ared aggﬁlﬁﬂﬁ&mm ANEOOfrbEGAhE anbiTer8and. such that

- 34-r adi fre uenc RF er ro nerator 26 t vessel wall. In
the | 1186y recieabpairinRly oftbe! AT AR BopeSt o et HER RO dBBRS: or
uni pol arRaP&&ion! dhd RitstiGH bRMEEHBRMerR deflice 12 Ba Peﬁdytldrh@meath@%ﬁﬁwé%?m
electric field is established, e.g., by an external dispersive electrode

(not shaienentd do cegiate cadditionali fq’r@ntsdma&y eand o@lwtdarlmeﬁﬁneaatedl geatoert The
monopol azron%ep{her by g W|ng|?ﬁeeplr§c(::t¥t|rdn%rtd'1eela |I|%/nt% Hate MUt ple ?reatment zones

per catheter placement and several treatment zones via only two catheter

placements.

[00146] In some embodiments, the distal end region 20 of the treatment device
12 may comprise a helical deflected configuration with multiple thermal heating
elements positioned along its length. When positioned in the helical deflected
configuration within a renal artery, the multiple thermal heating elements 24 may be
spaced circumferentially along the longitudinal length of the distal end region in
contact with the wall of the artery. In some embodiments, a non-continuous
circumferential treatment may be achieved via a single catheter placement without

angular or longitudinal repositioning of the distal end region 20.

[00147] As described (and as Fig. 8A shows), the thermal heating element 24 is
sized and configured, in use, to contact an internal wall of the renal artery. In the
illustrated embodiment (see Fig. 8A), the thermal heating element 24 takes the form

of an electrode 46 sized and configured to apply an electrical field comprising
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ohmcally or resistively heat tissue in the vicinity of the el ectrode 46.
The application of the RF electrical field thermally injures tissue. The
treat mentwobkpwat7dwvé is to thermally i nduce neuronodul at iPOm/US@009/06938€Cr OSi S,
thermal alteration or ablation) in the targeted neural fibers. The thernal
injury forms a lesion in the vessel wall, which is shown, e.g., in Fig. 9B

[00148] rAbpfeeuieMey $RFf 8agrgy fedmaheGiitergior 0836)a Ressw avall e thd dlugRhted
heati ng el enent 24 or electrode 46 and the vessel wall has great bearing on
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much corfteadial eciEade- t e Mstopelarnarilicaor I iRRitelartdCtifkd \RESEQY SRRIES Pay
create WHK; | - r t: |

ti ssue and I’F ﬁlel,}h? ﬂgb}stlnﬁ[%ﬁ;eg%él{ntgs%g el?rglﬁl? @fcf[Prﬂ re%t;b%cérlggﬁénééggkgﬁé\sgﬁggc Ei;[rebgt
gener at ianthat RFhietedtnidatrfiedd éhehally @xoessiissichealhe areatmeat ebgedtigsi isntat hat

2 ST ULer ST LY LS0oharil TNl eo oo aloe Lead ) o uniesisatl g et
I njury, th@'térdé'f&?ﬁéﬂl%q’lfiﬁerhqfh@theﬂﬁﬁﬁiﬂﬁJr?%‘rn?s'i‘bﬁésibh$r]§'kﬁé gesder ol @R - €.,

dehydrati on) "whi ch reduces the thermal  conductivity of the tissue, thereby
pot ent i d$ ishowneatd..ng FAgIYi on that is too shallow to reach the neural
fibers. Too little contact between the thermal heating el enent and the
vessel jabDh4g8hy rTesuattivienssniges brea af chatdct (4SA) Hetwergehelthamhal, hédtegeby

creating a lesign that is tgo small (e.qg., < 10% of vessel circunference
and or | GERRRAC Stisadeovand the eSSl A an ORI B8 PALS SICRNR
ther mal Agﬁaﬁbﬂﬂo?'o?f?ﬁ@.t trgﬁsf%F'%Jeb ?ﬂﬁbhﬁﬁ? e'”r‘m@trqyS fieP Ak tHe velssat Wadl to

| esi ons esirabl e size and dep e rati’o between the active surface
area (AShAernaally atiect tasgetédoreusalelbdrs dAthefrendeplekes (BP).hddei agivel surtate 24

d el ectrode 46 | | ' t. ASA t SA ratiq. infl | esi
format i direr e hayaalReat Ty bl Fhangreletods ApuR delinelAs T S3ar 8001
WO00/ LEGAnLnTithig7 8 alof e BlRPnéiterd bF lddtRIdd 46MHat dan ’b@e%l%é@% $nt%Agtlé| ood

fl ow or other convective cooling elenments such as injected saline.

di scussepnéeiagaindidispre.elTeotmueh fcostagt betwesn thesihenmpbheatingpalement and
i sti heat i f ti d.t he electric, field. hi gher th
hen o 18 Vel et ey B BRRRS nidh. "IBnEtiiesL it on o Menb M fec ng

between the tissue and the thermal heating element, thereby creating excessive

heat generation at this interface. This excessive heat can create a lesion that is
circumferentially too large. This can also lead to undesirable thermal damage at the
vessel wall. In addition to potentially causing stenotic injury, this undesirable thermal
damage can cause tissue desiccation (i.e., dehydration) which reduces the thermal
conductivity of the tissue, thereby potentially creating a lesion that is too shallow to
reach the neural fibers. Too little contact between the thermal heating element and
the vessel wall may result in superficial heating of the vessel wall, thereby creating a
lesion that is too small (e.g., < 10% of vessel circumference) and/or too shallow.

[00149] While the active surface area (ASA) of the thermal heating element 24
and electrode 46 is important to creating lesions of desirable size and depth, the
ratio between the active surface area (ASA) and total surface area (TSA) of the
thermal heating element 24 and electrode 46 is also important. The ASA to TSA
ratio influences lesion formation in two ways: (1) the degree of resistive heating via
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tissue), the greater the resistive heating. As discussed in greater detail
bel ow, the flow of blood over the exposed portion of the electrode (TSA -
ASA) prowoestosfact i ve and convective cooling of the eCeate@desdsther eby
carrying excess thermal energy away fromthe interface between the vessel
wal | and electrode. If the ratio of ASAto TSAis too high (e.g., 50%,

resi sti Rehg@ttrizg field, taiRd t(Rp Eiee cfRBtP ST LISIBATUWRSSH \BEhén dompdctiwBObalingXCess
thermal energy is belng carried away, resulting in excessive heat

gener at iRIAMEAS PYET 8adaacisst Inineal A$ QfSCS‘ﬁ%@ﬁ)?b@V@,nﬁh@r@F alegtiadield eavsast i on
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1099, th here resistive tiIssue

resul ti rggher mep%AltmTeSA Ihatid (ireg, mrecgremsdrltlae o@ndacﬁ ib@ItWQmelthé elgictrnde drd0150]
Various size constraints for the thermal heating el enent 24 may be |rrposed
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Typi cal | e maxi num out er (or cross-sectional dinension or
non-cir cndnaiucnve)aed@ohwea)veomd@lhng @‘Itbeteﬂemteod@ thmepylcsaels/mmexctessqbetmal

0 T ot RSP Tl bEDALE: B SHEL SIS, bl
trans thencigasil #0160 AR (IPXis0BY), bokaiemleahg antelistal dregreczones

32, 34, and 44 are equal (desi'rably) Tess than the maxi mum out er
di anet eraggfressiec ahdawot edeug!d expe)wmermlahelaenggpss bemg carried asvayo tesuiing ghown

in Fig. 8A the eI ctrode 46 takes the form o i.rcul ar cylinder,
possessiEarTER patialpn; 476 rBgteRsetaitertia” firairanc T tEide. 46
further fdenafiebland middsitadleladici sizel eBithd rhfidlof IASA QU THRAl i$ @od RN (8N .,
atraumatic end surface 48. In the representative enbodi mnent shown in Fig.

8B, the Wl%kitherithers is toaskiteresislive Restingef tisswe, Higieby cesulléng ffesuneasticial

pr esent . at i i ssue interface. [00152] As shown in

Fi gs. 8%%‘888%%“%%”%%@&6;@%%63l%;e](ﬁré%h L4 of the distal flexure zone 44

are special si zed. and confi gure he TSA o res ve

ol ectr odaB15t) o, ol a SRS A ey  BacBE nBEmBE NeBliph T el hecd, Mok d6e and

the 5785613323 WPOYINdEPALRSEAS HBInd mafmieR Rasdiiee rhassibniord o3t  The

angle a3 and the length L4 of the distal flexure zone 44 make it poOssible

t o desi readhster,zas well lasady the @ze@ncimtamﬂw afehefrenaleartgrgdtsetidel ywicallyathest

tissue (see Flrg Cel)r tho h it should yn erstood hat t he eII ectrode 46
Raximurt - oGtet’ dianster (or Cross-sec iGnal "dihensiSs r non-circular cross-
section) of the electrode 46 comprises the largest diameter encountered along the
length of the elongated shaft 16 distal to the handle assembly 200. Thus, the outer
diameters of the force transmitting section 30 and proximal, intermediate and distal
flexure zones 32, 34, and 44 are equal to or (desirably) less than the maximum outer

diameter of the electrode 46.

[00151] In a representative embodiment shown in Fig. 8A, the electrode 46 takes
the form of a right circular cylinder, possessing a length L5 that is greater than its
diameter. The electrode 46 further desirably includes a distal region that is rounded
to form an atraumatic end surface 48. In the representative embodiment shown in
Fig. 8B, the electrode 46 is spherical in shape. The spherical shape, too, presents

an atraumatic surface to the tissue interface.

[00152] As shown in Figs. 8A and 8B, the angle a3 and length L4 of the distal
flexure zone 44 are specially sized and configured, given the TSA of the respective

electrode, to optimize an active surface area of contact between tissue and the
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does not necessarily need to be positioned with its side quadrant 50

agai nst tissue prior to power delivery. In a representative enbodi nent, the
active suwbaow/asga of the el ectrode 46 contacting ti ssRET(UASAY/06EB4 be
expressed as ASA > 0.25 TSA and ASA < 0.50 TSA. [00153] An ASAto TSA ratio
of over 50% nmay be effective with a reduced power delivery profile.

Al t er natre¥géstivedelBtgb®s 46SASA). THA dridle @rand bite tsHgpensabRthef distabVexure
i ncreasing the convective cooling of the electrode that is exgosed to bl ood
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e

fl exur e domsesotddecsdantly read & bo Falitrieedwitlo itagilley quadrdriteSebgaihsiotissue

stabilizing force that positions the electrode 46 in substantial Ig secure
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the amouk espés‘c&v@aét 4@%%\%& Haq@ssg 535 c%ﬁeoé Bgs ge@%etAg Q.G%A(dme

t he ASA great 111 zIng orce heat i ng
el emrent ABA 58 ml contact and with |ess stabl l'izing force, |ess wall
contact is achieved. Additional advantages of the stabilizing force

i ncl ude,[001583] SofAreABAdOt TBA ¢atis af bvéns0% r’ﬂgy\b@%ﬁetdﬂeedwm@kemd%bmd
vessel wall to m nimze risk of nechanical A}lury to vessel wall, % 2)

consi st éiﬂ"vﬁ%)/sﬁ)ﬂqﬂtﬁmﬁber@ﬁt'v% aihigharfeA 4e Tﬁ fat@g@ﬁ‘rhgﬁ QOII%OG%;@&%Q c)y:)]
and (3) ﬁ&%BHnrg c}nt\‘/%cﬁ\fee%élﬁﬂ;e ﬁﬁe @bf?é& 1 re%[ %ed‘% blooﬁ?@q p05|t|on

stabilizing rode neut

after t rtescmssedrfucteer befowiothed chduldnbes ashizvbd vidyt rm1édmgwaddhng[m9d§5hcb%sas
previously di scussed, for clinical 6 rea t he maxi num out er dianmeter (or
Cross-s '|Q51n%ﬁ“”§|QY@ﬁ§h%ﬁBeCHPd?r?é‘déPEb%eotﬂﬁo@fétr?@”bonstra| ned by the

maxi mum i nner_di anmeter of the guide catheter through which the el ongated

shaft 1d00354b bdhgasi¥fnessas Qidgiachnef ihet intsrmasiateranshdistal4lexpse zenasg ?14’r1atI
8 F
o, e SRR R BBy TR B R oLy

to be ushd dlectedesis inhsutsstaniial§r secure enflaet Wil the Jerseh wadlaszuab! Q’hls

cl earance tol erances between the el ectrode 46 and the I%]UI de cat heter, the
maxi rumdfkilgngforge alpe iRfuancesdae mnountcefwell sPREst a6 @ygg@ygt@glthermal

cat het o TG 0g T (5 P Adh . 10 BB VIR defisr Sphiaing, rEE el ¢
di anet erthefméalhieeatingctleotent4tas more wall contact and with less stabilizing force, less
wall contact is achieved. Additional advantages of the stabilizing force include, (1)
softening the contact force between the distal end 20 and vessel wall to minimize
risk of mechanical injury to vessel wall, (2) consistent positioning of the electrode 46
flat against the vessel wall, and (3) stabilizing the electrode 46 against the vessel
wall. The stabilizing force also allows the electrode to return to a neutral position

after the electrode is removed from contact with the wall.

[00155] As previously discussed, for clinical reasons, the maximum outer
diameter (or cross-sectional dimension) of the electrode 46 is constrained by the
maximum inner diameter of the guide catheter through which the elongated shaft 16
is to be passed through the intravascular path 14. Assuming that an 8 French guide
catheter 94 (which has an inner diameter of approximately 0.091 inches) is, from a
clinical perspective, the largest desired catheter to be used to access the renal
artery, and allowing for a reasonable clearance tolerances between the electrode 46

and the guide catheter, the maximum diameter of the electrode 46 is constrained to
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constrained to about 0.070 inches. In the event a 5 French guide catheter
I s used, then maxi num di aneter of the electrode 46 is constrained to about
0. 053 i nowe=010BasEd upon t hese constraints and t he af or ecgEniSz@nad3power
delivery considerations, the electrode 46 desirably has a maxi num out er
di aneter of from about 0.049 to about 0.051 inches. The el ectrode 46 al so

desi r abl 3bd1AD.@EFTirThERMIPtHeebvattaimet Breneh qiigsicatheddisi lsltemsteadddPxh de
sufficient cooling and | esion size. In sone enbodinents, the el ectrode 46
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woul d benayiefd length of abouat hoinitplaboel @timode apparatus to have el ectrodes
that are as large as a single electrode at the distal end of the apparatus
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the electrode. As discussed above, the maximum diameter/crossing profile of the
electrode is constrained by the inner diameter of the guide catheter through which
the electrode is delivered. It would be difficult for a multiple electrode apparatus to
have electrodes that are as large as a single electrode at the distal end of the
apparatus since the crossing profile of the multiple electrodes would have to take
into account the diameter of the apparatus shaft. Attempts to design an apparatus
having multiple electrodes that individually approach the surface area of a single
electrode at the distal end are expected to increase complexity and cost.
Additionally, multiple electrode arrangements can also increase stiffness of the
apparatus, which may not only compromise the deliverability of the apparatus, but
also increase risk of injury to the blood vessels. For example, a catheter apparatus
that is too stiff would not be able to make the significant bend that is necessary to

access a renal artery from the abdominal aorta.
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within a tortuous bl ood vessel may al so be chall enging. Since vascul ar
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pulses may allow the application of relatively higher energy levels (e.g., higher

power), longer or shorter total duration times, and/or better controlled intravascular
renal neuromodulation therapy. Pulsed energy may also allow for the use of a
smaller electrode.

[00159] The thermal therapy may be monitored and controlled, for example, via
data collected with one or more temperature sensors (e.g., thermocouples,
thermistors, etc.), impedance sensors, pressure sensors, optical sensors, flow
sensors, chemical sensors or other sensors 52 (see Fig. 9A), which may be
incorporated into or on electrode 46 or in/on adjacent areas on the distal end region
20. Additionally or alternatively, various microsensors can be used to acquire data
corresponding to the thermal heating element, the vessel wall and/or the blood
flowing across the thermal heating element. For example, arrays of micro
thermocouples and/or impedance sensors can be implemented to acquire data
along the thermal heating element or other parts of the treatment device. Sensor

data can be acquired or monitored prior to, simultaneous with, or after the delivery of
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be used in a feedback | oop to better control therapy, e.g., to determ ne
whet her to continue or stop treatnent, and it may facilitate controlled
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other cooling of the non-target tissue of the vessel wall compared to applying an

equivalent magnitude or duration of continuous thermal energy.

[00161] In addition, or as an alternative, to utilizing blood flow (F) as a heat sink,
a thermal fluid may be injected, infused, or otherwise delivered into the vessel to
remove excess thermal energy and protect the non-target tissues. The thermal fluid
may, for example, comprise a saline or other biocompatible fluid. The thermal fluid
may, for example, be injected through the treatment device 12 via an infusion lumen
and/or port (not shown) or through a guide catheter at a location upstream from an
energy delivery element, or at other locations relative to the tissue for which
protection is sought. The use of a thermal fluid may allow for the delivery of

increased/higher power, smaller electrode size and/or reduced treatment time.

[00162] Although many of the embodiments described herein pertain to electrical
systems configured for the delivery of RF energy, it is contemplated that the desired

treatment can be can be accomplished by other means, e.g., by coherent or

57856-8021.WOOO/LEGAL17467783.1 -40-



57856- 8021 WO00/ LEGAL1 7467783 1 -40-incoherent light; heated or cool ed
fluid; mcrowave; ultrasound (including high intensity focused ultrasound);
di ode | asw0;200/785Sue heating fluid; or cryogenic fl ui dPCIriUS2009/069334
Represent ati ve Enbodi nents A First Representative Enbodi nent (Proxinmal,

I nternedi ate, and Distal Flexure Zones with Distally Carried Thernal

Heat i ng iktewarant 2ight;[ ABa&d oFi &soled Gluitio niehbwaayy altrfa%mﬁée?ﬁdbdjmg high
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fl exure zones 32, 34, and 44, having the physical and nechanical features
describ ab ' ' , the thermal heating elenment 24 is
carri edq istqi\« resBniafile 5Efgxure zone 44 (see, e.g., Fig. 11A). 1.
Force Transm tting Sect ed enbodi nent, as
in Figs. 10AAand EIsBRe @iniakivern 2li dpteseediatia. Imdc bigie
a first el ongat edtlexnute desiesatithy Distdilyl Garredr Trudraras HeasttingtElesnent 24 t he form
of, e.g., a first tubular structure 54. The first tubular structure 54 is
desi r abl[90468])y po Figdhel0Add 15H rhder af represdrbtiveaearttoaliment of aof elohgatddess

steel, or e nenory alloy, e,g., nickel titanium(a.k.a,, nitinol or
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al ready ; | , My sth thjin eghi 30
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el ongated sha 16, as |l as.rotatjonal mani pu i on of the el ongated
Shaft 1eneRl o fneatie Sriaul B ke Jalpen St B ALl setond- Fie FASot ¢ ubul ar
structure 54 may conprise a hollow coil, hollow cable, solid cable (wW
enbedded wires), 1a biyréedraisniiftigdSé&ion or ced shaft, a coil reinforced

pol ymer shaft, a netal/polynmer conposite, etc. [00165] The stiffness is a
functioogfedpt enk %esﬁib@@éﬂeﬂne%o‘ﬂﬁhénﬁsass%hﬁ%uT@'Fié@a‘l OAESn UTB afthe
interior dianeter, outside dianmeter, wall thickness, geonetry and ot her

f eat ur egorokimal afioecavdrimshytting csestiomg B eernpagsesrac firsti elgngatedt and) dasdiadly

ki ving .the h b ial i de.the desjred axi d_tgr sional
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achi eve the desired functional properties. . o .
e.g. of stainless steel, or a shape memory alloy, e.g., nickel titanium (a.k.a., nitinol or

NiTi), to possess the requisite axial stiffness and torsional stiffness, as already
described, for the force transmitting section 30. As already described, the force
transmitting section 30 comprises the most stiff section along the elongated shaft 16,
to facilitate axially movement of the elongated shaft 16, as well as rotational
manipulation of the elongated shaft 16 within the intravascular path 14.
Alternatively, the first tubular structure 54 may comprise a hollow coil, hollow cable,
solid cable (w/ embedded wires), a braided or braid reinforced shaft, a coil reinforced
polymer shaft, a metal/polymer composite, etc.

[00165] The stiffness is a function of material selection as well as structural
features such as interior diameter, outside diameter, wall thickness, geometry and
other features that are made by micro-engineering, machining, cutting and/or skiving
the hypo tube material to provide the desired axial and torsional stiffness
characteristics. For example, the elongated shaft can be a hypo tube that is laser
cut to various shapes and cross-sectional geometries to achieve the desired
functional properties.
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57856- 8021 WO00/ LEGAL1 7467783 1 -41 -[00166] When the first tubul ar
structure 54 is nade froman electrically conductive netal material, the
first tubwbDanigt7surst ure 54 includes a sheath 56 or coverCh@Se®dacddsom an
electrically insulating polynmer material or materials, which is placed over
the outer dianeter of the underlying tubular structure. The pol yner

mat eri al[00a66R! sAVhEn sHeeatred thBuRPSSRSGURe 0BT e gl offreran( &XSEtasaliyng a
degree of stiffness or |lack thereof) to contribute to the desired overall
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32. As already described, the proxinmal fl'exure zone 32 may be less stiff
and nor ecofatecki spray{chated, e dtbevwse dmposited/atigchzadt to dme d0fert dameiérgat thet he
severe t}eﬁd at and prior to the junction of the aorta and respective renal
artery. ¥R& second tubular structure is desi rably a hypo tube, but can
alternatively conprise a hollow coil, hollow cable, braided shaft, etc.
[00168] It may be degrpribls FiexuréPnki rst and second tubul ar structures 54
and 58 to share the sane nmaterial. In this event, the form and physi cal
featuregopfierpe gecEigs.tybpl a1t GHEt YnEe 2BolRYthBE pAdliRae GextifdPasRd 320 the
first tubular structure 54, to achieve the desired stiffness and

f | exi bi |GanypreRest @rsegond .clengates :ansl desirally itupWar strugdivagrewbich ean tkgethe

Cubul ar QTP ottt Saonans P haRE 8 ol Sheo FRLED flurdf 7 Edbe

t or si onahagé iffdness sané bt @Xfebenti rmiterianbaahe rirst tubslar seucRiferml. ehet Sgal
second tubul ar structure 58 can be laser cut along its length to provide a
bendabl tifleges @nd taesional stiffness of the second tubular structure 58" possesses the

requisite axial stiffness and torsional stiffness, as already described, for the proximal
flexure zone 32. As already described, the proximal flexure zone 32 may be less stiff
and more flexible than the force transmitting section 30, to navigate the severe bend
at and prior to the junction of the aorta and respective renal artery. The second
tubular structure is desirably a hypo tube, but can alternatively comprise a hollow
coil, hollow cable, braided shatft, etc.

[00168] It may be desirable for the first and second tubular structures 54 and 58
to share the same material. In this event, the form and physical features of the
second tubular structure 58 may be altered, compared to the first tubular structure
54, to achieve the desired stiffness and flexibility differences. For example, the
interior diameter, outside diameter, wall thickness, and other engineered features of
the second tubular structure 58 can be tailored to provide the desired axial and
torsional stiffness and flexibility characteristics. For example, the second tubular
structure 58 can be laser cut along its length to provide a bendable, spring-like

structure. Depending on the ease of manufacturability the first and second tubular
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structure. Depending on the ease of manufacturability the first and second
t ubul ar 57856- 8021 WO00/ LEGAL1 7467783 1 -42-structures nmay be produced
fromthe warreiogi7erre of material or fromtwo separate pi @C®4IS2000/069384 event
the first tubular structure and second tubul ar structure are not of the
same material, the outside dianeter of the second tubular structure 58 can
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di anet er t hi ckness, and ot her engi neered features
ancPsg LRMRHEErdebl. 9
of the secon ubuﬁar strucl:Jture 58, as al ready descri bed. Further a sheath
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t ake t he
stainless steel. Alternatively, the second tubular structure 58 can comprise a less

rigid polymer, a braided or braid-reinforced shaft, a coil reinforced polymer shaft, a
metal/polymer composite, nitinol or hollow cable-like structure. In addition to
material selection, the desired differentiation in stiffness and overall flexibility can be
achieved by selection of the interior diameter, outside diameter, wall thickness, and
other engineered features of the second tubular structure 58, as already described.
Further, a sheath 60 or covering made from an electrically insulating polymer
material, as above described, can also be placed over the outer diameter of the
second tubular structure 58 to impart the desired differentiation between the first and

second tubular structures 54 and 58.

3. Intermediate Flexure Zone

[00171] As Figs. 12A, 12B, 12C, and 12D show, the intermediate flexure zone 34
comprises a third elongated and desirably tubular structure, which can take the form
of, e.g., a third tubular structure 62. The third tubular structure 62 can be made from
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of, e.g., athird tubular structure 62. The third tubular structure 62 can
be made from 57856-8021 WO00/ LEGAL1 7467783 1 -43-the sane or different

mat eri al WO 20hv78175st and/ or second tubul ar structures PETASA00SH693Fhe axi al
stiffness and torsional stiffness of the third tubular structure 62
possesses the requisite axial stiffness and torsional stiffness, as already
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the third tubular structure 62 can be laser cut along its length to provide
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third tuypyl@r seliétied gges 58 and 62 In addition to material selection, the
desired differentiation in stiffness and overall flexibility can be

achi evejoﬁifgﬁ' CGVhER Me thfd' RIRAACstrBLRAME! 85 iCHhSa& eGP HiecthBhlly

t hi ckness
conductive metal material, the third tubular structure 62 also includes a sheath 64

(see Figs. 12B, 12C, and 12D) or covering made from an electrically insulating
polymer material or materials, as already descried. The sheath 64 or covering can
also be selected to possess a desired durometer to contribute to the desired
differentiation in stiffness and flexibility between the second and third tubular

structure 62s.

[00174] The third tubular structure 62 can comprise a different material than the
second tubular structure to impart the desired differentiation in stiffness and flexibility
between the second and third tubular structures 62. For example, the third tubular
structure 62 can include a Nitinol material, to impart the desired differentiation in
stiffness between the second and third tubular structures 58 and 62. In addition to
material selection, the desired differentiation in stiffness and overall flexibility can be
achieved by selection of the interior diameter, outside diameter, wall thickness, and
other engineered features of the third tubular structure 62, as already described.
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ot her engi neered features of the third tubular structure 62, as already
descri bed. 57856-8021 W00/ LEGAL1 7467783 1 -44-[00175] For exanple, in
di anet er ,wohelooassgsde di aneter of the third tubul ar str ®@CTOIS2008269334
desirably |l ess than the outer diameter of second tubular structure 58.
Reduction of outside dianeter or wall thickness influences the desired

di ff er erfodayspn iMdrséxdrhpies sinbgianwraer,t e Seeidgl @athetdr bel thebwirr tubular
structures 58 and 62. [00176] As discussed in greater detail above,

pr ef er erdliugturgea iscdesiabli leshdhamthe peter siametesaisecons dubWagsisigtyeg 88. Thi s

Gosi r od Ty RBR P ouBTe b Bforotddl) S1CRRE Bl FeRific B8t e Rrkiphtatidhyy o

def | ect iinstififess ba@raenetheaecohdwnd thirffitgisulad gffuetoeslZ&antie2. t hi rd tubul ar
structure 62 (unlike the second tubular structure 58) can include a

l'aser - cyponasf er Mg ifdcuisBEd UregréatsPi aiPCanivied srensteptiandefiéorbdr thee
pattern biases the deflection of the third tubular structure 62, in

r esponsentesmediate rilgxore zhee ddriasdhblg. r dhirocan s sahicved iy diakingl thenthirsf t he

{5t acBF sTLeHfe 8238 st RS AedliRl AEPuR SFbefRucdofdf Mdte sty *°
130. Theyppeieéithe difecRoRicd 'dMbtadn.deHor &xbhtple Wad Bhowa inergs. 2R eind tRge

al ready been described. [00177] As also shown in Fig. 12D, a flat ribbon
mat er i althedhire tgbulanstruelore 62t @nhkedke seeend tulapsirugues aphra’dnguee (@ can
b t t i A . | | M - .
removed Frdo Rzt Ml inglides Hsohie 86 ol gk ok e, e il s °

rei nf or dhetdedledtidh of tiadlteird ubulart steudtare 62) Inctaspense to Wulllngsdr ahey lebetrolut
the deflectahle third tubular structure 62. 178] Further, a sheath 72

(nee Bl yire IBisounied toulie iyl S1d BLUE i HRUBHSBIRAA O dowre 3| Gepired

\ | t s . i . | I
o ot & chanY [Tle BRI Ble, 48 e PRAKEC A RO e Rl eyt (P Y0REBALASIER, o

st r uct urzong8witbh saiger 130.hel ke Hienefitsdoff peaferentiat defledimwadhint Aeehal attegnd
second tubul E}I‘ St ruct ures .@)4 and 58. [00179] In the enbodi ment of Figs.
12B- 12D,NaVEA (G PeEN 98R6"060ne 66 (i.e., the radial arc length of the
spine 66 at regions along the |ongitudinal axis of the third tubul ar

st ruct url80887k harsd@lseoshpwel iid g 120689 fiats dlben tmaterigl a4 ke Ost Nitinfdss of

the thirgd,: I t rHC, - S d d : i of

t he spi n%a'é%gﬁa%l{eﬁz ?Be‘ﬁp ?’e%@%lb%)? oév}lgg,e) ??@ ﬁ?ﬁ@bgguﬁa?ﬁétﬁhﬁt Eﬂrtg‘ﬁ%z

W th a dgsictgd 62| aVheer theigdllires force is removed from the control wire 40, the flat
ribbon, which serves to reinforce the deflectable third tubular structure 62, will

straighten out the deflectable third tubular structure 62.

[00178] Further, a sheath 72 (see Figs. 12B, 12C, and 12D) or covering made
from an electrically insulating polymer material, as above described, and having a
desired durometer can also be placed over the outer diameter of the second tubular
structure 58 to impart the desired differentiation between the first and second tubular

structures 54 and 58.

[00179] In the embodiment of Figs. 12B-12D, the width of the spine 66 (i.e., the
radial arc length of the spine 66 at regions along the longitudinal axis of the third
tubular structure 62 that do not include ribs 68) affects the relative stiffness of the
third tubular structure 62. It should be understood that the width of the spine 66 may
be specified to provide the third tubular structure 62 with a desired relative stiffness.
Furthermore, the width of the spine 66 may vary along the longitudinal axis of the

third tubular structure 62, thereby providing the third tubular structure with a varying
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Furthernore, the width of the spine 66 may vary along the |ongitudinal axis
of the third tubular structure 62, thereby providing the third tubul ar

st ruct ur ewai2otp/E@swvar yi ng 57856- 8021 W00/ LEGAL1 7467783 PLTAK20000bE84 Ve
stiffness along its length. Such variation in the width of the spine 66 may
be gradual, continuous, abrupt, discontinuous, or conbinations thereof.

[ 00180] Ehivwistitheed atdh@ itg léﬁ?ﬁﬁ Sucle varihtien i Slcaniot spagsingseenal be b

al ong the longitudinal axis of the third tubular structure 62), as well as
t he spadragual C@%@Wuqtﬁsabwqhdlécontt%ua; g eerebingbans&eB9f-t he spine 66
along the longitudinal axis of the third tubular nmenber 62 between adj acent
ri bs 68)[00880] ondineywidity ofiftteeries 68 rfiexi, H diptaafoermarinald je¢decrib @ong the

hi t fl 34 b f d t
oot ser Rl s OB Hilt fuolddrdh R 6 as e PbS 1BS sBoER0: BB oy
define tdw(iladihesdigtanesispahHEs ﬁécsrpuﬁéwsewgetrﬂohgm@d.ﬁalgéx.s BeuRachitD) of

N
the internediate flexure zone bg under such maxi mal preferenti al
def | ect itghular tmemder G delineen sadjacenthars 6%, wptionalbnharay affeet @pmamrrgabf

or ot or ot EronA BelBafr ENARPRT nc MPAIRFUR RskEN, A, T,

ribs 68 at'qa(ce/rarbrbsalem@ohmt |oregiahdthieral Suchscomtath®etbesrsl dojéedrarritss e8ct ure
62, thereby providing the internediate flexure zone 34 with a r

¢ adi us &pt@aauhm@yed@fmﬁh%mm&pwattgeear@/@nmeaangi@f%@@e&igssf@rand

vari at I Gfh

conti nuouJ&Hltg1 m}’@rﬂ?{é&&@ e%%a%%@ﬁégﬂ lgrgr% na({hl @%éﬁﬁﬂ?& En% 18 ﬁwon
Pr ef er ent lsabuldebéamdemgtobddlmetelﬁblwdtmanﬁ/fdndbe spadrite oflithe ¢tbiso®8 ahay be
defl ection, .as descri hed above can be ach ved in a nunber of iqddltl onal

ways. FowesiigqpIas desifady. tog AFhigHe 13CdeRbes m%'mﬁl rrefere0Hialr 48NecEPtr e 62
b I t

CEn, OBk DU BBl Mol AP (TG ROETES! Ay i opgarer

segnent lengitludnd axés oéd:rlrmthmiatuqmartstfumamret%nher@ysw@mnng Vhet mt@2nediae

third t | truyct 62 k t f f |
ot ana R ZBhe e MR i vasith Tadifs of Soptatiel thdCsud aitaat Sleferentia

di ff er enfefektibh n%ﬁwaﬁaﬁoﬁwr{@w.dtﬁ aMdl s da P8t hesrise8hdyoé gead 3 C) -

In either arrangenent, the segnent having the I'ower stiffness D27is

or i ent eccontinuiaes tairkpt, digponspueys, .t onbiBatians theeeafane si de as the act uat or
wre is attached. [00182] Alternatively, as Figs. 14B and 14C show, the
third tJoohat] st Rreferertia®d 2 deflactimmpfrose radueed estiffnesspahyiee direction of

met al / po| ymer. conposi t i ch can be
P A@'/ﬂectlon escr%edw%ove can be achleved in @ number of additional ways. For

example, as Fig. 13B and 13C show, the third tubular structure 62 can comprise a

tubular polymer or metal/polymer composite having segments with different
stiffnesses D1 and D2, in which D1>D2 (that is, the segment with D1 is mechanically
stiffer than the segment with D2. The third tubular structure 62 can also take the
form of an oval, or rectangular, or flattened metal coil or polymer having segments
with different stiffnesses D1 and D2, in which D1>D2 (as shown in Fig. 13C). In
either arrangement, the segment having the lower stiffness D2 is oriented on the

third tubular structure 62 on the same side as the actuator wire is attached.

[00182] Alternatively, as Figs. 14B and 14C show, the third tubular structure 62
can comprise an eccentric polymer or metal/polymer composite, which can be
braided or coiled. The third tubular structure 62 can also take the form of an

eccentric oval, or rectangular, or flattened metal coil or polymer (as Fig. 14C shows).
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brai ded or coiled. The third tubular structure 62 can al so take the form of
an eccentric oval, or rectangular, or flattened netal coil or polyner (as
Fi g. 14C wbaww)o7853856- 8021 WO00/ LEGAL1 7467783 1 - 46- | mCEIUSh@9/069334
arrangenent, the thinner wall segnment 76 (less stiff) is oriented on the
third tubular structure 62 on the sanme side as the actuator wre attached.

4 . Di stialeithefariatgémmeet,[tB8 IBBheAwatit@gmdm 78 @sss dHif) it oridhidd oM endliridal

fl exure zone 44 conprises a flexible tubular struct ure 74. The flexible
st r uct urtebylar sifHciypppriosethe sasiepideasibieyamtvatos wirg afaciedpol yner conposi t e.
The material and physical features of the flexible structure 74 are

sel ected so that 4t he ﬁi:le b}é ﬁaﬁés and torsional stiffness of the

flexible struct ure 7@?—%T‘ea't‘er than the axial stiffness and torsional

St { nePofbaf e AT LA RHGL TEA YGHIE, B8 aTBE ARUGHALbnL LEXhBiikis of € e
ure e€as

flexi bI str ‘to and desir grea an t he

f 1 exi bi Ifletx}bl@ftubhlarcbttudmwleam st ﬂ’hetﬂﬁ)&b@ZSt‘M’(ﬂﬂrd g tém rcnbn’ap»rtad arrrettasluet ure
has not been defl ected by the contraol wire 40.

15B, t hePAHBeHedr ﬁéﬁ?iaHBOBWRmQQS'F% e lmaéﬁr'%l'ta'ﬂ%é’hﬁ@?bl‘e%W&So@f tee
Flexi b' eﬂe%tflé'%*tr‘d&ﬁjr@‘*mf e Sdiaceney Hgg {@@?&%h%t“%é& 5#@ cﬁ%angﬁr?eééeéﬁe'
wal | e materra ect e

a respective renal artery or the
flexi bI ehetﬂemﬂeushfuwjreem |Ismotq:;1teal}ead|hm1 thie aniat sﬂiﬂhe&mmdaior@hunaesafrﬁmea a

radi opa teri ss st at i tlnumlr Lum or
gor 0. ot teg HEk bt Ssfina AL (e Sudiel sy okt heRbE aBichueetd i g
non-radi |8§§%k§1£&b%d@besﬁ$lﬁy f%é&tre'r é}harﬁ’%é %%lbhlbfy Y&Mht‘?@ tGR8H swutturé 62

radi opaque substance, such arium sul to facilitate visualization
and i magehgyutheathrd.tupglan sGlictting has mbi geelatdeﬂecteﬂ trynibefdomiriobiveretQ.uct ure 74
can vary. For exanple, in the enbodi nent depicted in Figs. 15B and 15C, the

f1exi bl 400184t urAes thwmnrprﬁ@e%& wermdnaoneam@emmem 241s canigdedt thiet h, a
pol ymer coatin he thread 104 is routed t hrough a

pr oxi mald'%tﬁlzﬁag qfot@e 'Q'ﬁ $t§UCékJﬁeaZﬁJBr PRGERRENY 19t GANtasiawilh tisree along a

i nt er nedjR I\fvf?P‘?ép%'t@ 4 distal anchor 106, which is fixed
w thin or Fﬁt eérgt édel nt olvtéhgnﬂeat g el enent 24/ el ectrode 46. The di stal

oo sIBAFRY e B et o R AR T R e AL R R

24/ el ectigdeadidhaiie. f Por éeahsld, avadiophgé endteagk eqy., stairtl@sy steler, Widtinuen,
platinum iridium, or gold, can be used to enable visualization and image guidance.
When using a non-radiopaque material, the material optionally may be doped with a
radiopaque substance, such as barium sulfate, to facilitate visualization and image

guidance.

[00186] The configuration of the flexible structure 74 can vary. For example, in
the embodiment depicted in Figs. 15B and 15C, the flexible structure 74 comprises a
thread 104 encased in, or covered with, a polymer coating or wrapping 110. The
thread 104 is routed through a proximal anchor 108, which is attached to the distal
end of the intermediate flexure zone 34, and a distal anchor 106, which is fixed
within or integrated into the heating element 24/electrode 46. The distal anchor 106
may be fixed within the heating element 24/electrode 46 using, e.g., solder.
Alternatively, the distal anchor 106 and heating element 24/electrode 46 may

fabricated as a single piece or unitary structure.

[00187] Although various types of materials can be used to construct the

aforementioned structures, in order to have a flexible structure 74 that securely
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[00187] Al though various types of materials can be used to construct the
af orenenti oned structures, in order to have a flexible structure 74 that
securel y 80888/8B82%F WO00/ LEGAL1 7467783 1 -47-connects PoTiUse0mnsBBHEdi at e
fl exure zone 34 and the thermal heating elenment 24, it is desirable for
thread 104 to be conprised of Kevlar or simlar polyner thread and for the

pr oxi malcopneb® tolP@ inftmédsdta!fex0rh2ond B8 4 b Ceiai Reatiny eRinderitl 21 st
steel. Wiile the coati ng 110 can be conprised of any electrically

i nsul at i19 gesialle; for thrga M tq QGIWW'%@%KEVGE €4 siraitasrPalymar F@”@ﬁ@@tﬂdt 0
sheath &0, y]d r’o?qrﬁﬁ Oér{c%l&quog%gtﬂg a?; WF}HH&U{ tootf>e f:B rllsgé oﬁls?alﬁlteéé' e 74

to be encased coa covere uroneter as car ane

| am nat éVhi@ the Apatihgvirl 0 cart-bg. carbiisezhef any ral:ascﬂneal@ph;uh&tmesné&@rlaﬁ)andm
al ongside or within the flexible structure 74. grev i ously nentioned

these wiRAHECHBTY gheve distedhdataneial rarpget g Seaterdo2h @ p'ﬁsué@@et farcthe
curt ent /RGeS | 60ME R@e LRl lire? 7420 1) 28 gggéw/%bsafeég?&v% RS T ed

by sensor | so as previously nmention epi ct t he
cont rol duromeldr polpmet Becthasdaebatbboatamirze® 1da8n Amesrhanmrrmd F|g1t1c5CI hme or

| _anchor 108 tached 1o the, elongal Lder ,130.
00186] TCHE AU0RN: K580 IS 11 Ao SHRNEe (d5caaBn eGP HPIeoRTGRU o | 48 bi o

struct ur&emus@ maﬁﬁoﬁ&ﬁtﬁés%xw%@ n%)f Hfdwaeetr?efltrrerrﬁ%ﬁ fi2afing QWAEN0D4 with
el ectrical isolation between the thermal heating el ement and the rest of

the el orgjactscals ieafrent/eoergyt fronKeeagenénaéerd 2604ndndlscarconuey date sigeals

lectrically i | at | t b |
Sor e medtauleh B e B2, AR pRYRLSTY RibcliBRef af deibeBRn a1 S e e
of the fdo%rbbme&ta ft6fnthe Wahdi@ ectliatbred6d tav beGoAnae irté the pedial bedhdry

I nactive. E%00189 shown in Fi 15D t hrough 15F, the flexible structure

74 al | ovid&ond ptieghed © ﬁb@s@@ﬂ@at&gfﬂh@ﬁtuw 80ldend3@i st al flexure zone 44

when the thernmal heating elenent 24 is put into contact with the vessel
wal | . Ad0an8&phdy Qimcardvlaethget loif sthiel ebbhbé{desyribedt cefiguedtionoé thieaflexible

benefi t th |l e bI t 74 t ilLient,
A B RN T 1
def | ect agbtwEBR thé 4ﬁ’er'?f'ﬂﬂ rfé%ﬂ‘prgé!éﬁ]bh%n@fthé hest J)ﬁﬁh'ebélén§ét"eHC§H§fte ﬁétrﬁm@bl es
the thermal heating el ement | ect in many directions because the

di st al fK@ﬁarr@rQMéOWOb@mnatya WYy laee @qutrlcahly insLHakve, Hheredly prowiding theof
the distal _end.r r at pent s w thi na peripher.al RI Qod v?ss%l such
as the rs&pgfy éﬁ"rjrtez%y i3s ﬂ%e sole means™ for electrical 'connectivity. Accordin

external surface of the flexible structure 74 and distal flexure zone 44 is electrically

inactive.

[00189] As shown in Figs. 15D through 15F, the flexible structure 74 allows
considerable passive deflection of the distal flexure zone 44 when the thermal
heating element 24 is put into contact with the vessel wall. As already described,
this flexibility has several potential benefits. Optionally, the flexible structure 74 is
not very resilient, i.e., does not provide a significant restoring or straightening
moment when deflected. The size and configuration of the flexible structure 74
enables the thermal heating element to deflect in many directions because the distal
flexure zone may bend by angle © in any plane through the axis of the distal end
region. For treatments within a peripheral blood vessel such as the renal artery, it is
desirable that angle © < 90 degrees.

[00190] The thermal heating element 24 desirably may provide omni-directional

delivery of power in substantially any or all directions. As the distal flexure zone 44
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desirable that angle O < 90 degrees. [00190] The thermal heating el enment 24
desirably may provide omi-directional delivery of power in substantially
any or alwoadproaosi’ens. As the distal flexure zone 44 57860AB®Y/0W330H/ LEGALL
7467783 1 -48-passively deflects at a treatnment site about an angle Q
appropriate to a given patient's anatom cal geonetry, any portion of the

t her mal paivieng deflesentt 24 treaimast alté gnsshitvih hardjle | Ot Sspropring ko of givem

renal artery for power delivery to target renal nerves. Bl ood flow may

r emove mlenaaranaéor@wh gg@W@tryd@lnwv@qryontﬁéheﬁpemu&ea{@goelemqntg?a My a
need f ofy S &ldl (8n0n PhORS: REFIAOLLAL SrESGbE BBWAL delifetabi wRadoRaper

to the targ nerve cou nake re z

undesi r al8ryest Bldad flow may kemove St duminig- ledhepclswemdélnmyvethecm:M neejmmg
wi t hout shi el di ng/ ower directi ng@rray facilitate sinpler

posi ti o ngitigatingea MRGMPT RRIEITING i ahehtpreleTattia Greateent (as e
conpar ecydfers By ShECfargEt FAAChBR s RidPbofiBlidke METESIR fickurd zord !

heating ‘e nts conp I'sing a mcrowave or radl oactive power source.
[ 00191] Undeslrabllynesltlﬁee enbodkieent sSach OM|-d|rectadna‘II pawee delmeryMwlthbet
flexible struc}ure? ntake ]Ia&ﬁformof a tub metal c

br ai d. | BEIAESIS S a9 00l 10 TOpBeTRleraer SRt Hosiauniag. o the érméT
Al ter natHééﬁlhb eléﬂ‘h%nf b@%ltt%l ﬁ’e§ttrﬁéfﬁté1‘tree ayco‘h%brbalfé sthhﬁdé@b%%ct%ﬂl tﬁéﬁhal or

rectangul ar, “or flattened netal coil or ynmer, as Fig. 15G shows.

al ternatheaélmgoelmreemts, &.hg. fthesmall éestlmgjcelarr@n‘m CRAYPIESING r & S@IQDO\NSVG or
mechani cal uctures or systens that allow the thermal heating el enent 24
to pi votrafjﬁ’ag['v? 88\§’Fr8ﬂlércﬁr ane of novenent. For exanple, the flexible
structure 74 may conprise a hinge or 1gall/so ket conbi nati on, E@ngZ The

fl exi bl J0QI9LY (B aferaativg pacTsTeRiseTai Weaflistal digxkes Z0R8 4hnMeeXbIf ed
to the idfphIRRATALS hard! ke 20RR é‘fsadﬁ%ﬁfdrbﬁle?é?oc}’cﬁl c%lb‘%é{rﬁt%tld,vﬁ{gllgm(ﬁrsta

enbodi ments that do not provide an I nternedi ate éxure 'zone,
flexure me’ta#pokymdxecammﬂlmd asoFlghé5blrshowaalAlfelreammeday Zbadlextilé Istructure 74

alternative %he dISt er ure z nb«? edt rrredlate
Seett on dafriake hacoln 8 en qul B b AhauTT 08 TIafiSiBd Fatt ol or BeNTEY ide.
cat het errigonpe S 215 BRbinalé ASLAmENE ahe ¢|@Q.bn@gtreetu?@ 74980 Lo

di st al region 20 conprises an internedi ate section 34, a distal flexure
zone 44 diher eechanical stheciuiasgoresysiems that allaw thesihesmeal baalllryg eleneerdaddniot er

Y COMRL! S bk BHEKHaRE Br SRSV F LM e? e fiEho &ifuckdid 72>t &
comprise a hinge or ball/socket combination.

[00192] The flexible structure 74 as a part of the distal flexure zone can be
coupled to the intermediate flexure zone as describe above. Alternatively, in
embodiments that do not provide an intermediate flexure zone, the distal flexure
zone can be coupled to the proximal flexure zone. Still alternatively, the distal
flexure zone can be coupled to an intermediate section comprising an arch wire. For
example, Figs. 151 and 15J provide a catheter comprising a shaft 16 and a distal end
region 20, wherein the distal end region 20 comprises an intermediate section 34, a
distal flexure zone 44 and a thermal heating element 24. More specifically, the
catheter may comprise an intermediate section comprising an arch wire 114, a distal
flexure zone comprising a flexible structure, and a thermal heating element
comprising an electrode 46, wherein the flexible structure is coupled to the arch wire

and electrode.
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fl exure zone conprising a flexible structure, and a thermal heating el enent
conprising an el ectrode 46, wherein the flexible structure is coupled to

t he ar ch wDnre1001817681 ect r ode. 57856- 8021 WO00/ LEGAL1 746PC83/S20094693300193]
If the flexible nmenber conprises, in whole or in part, an electrically
conductive material, the distal flexure zone 44 desirably includes an outer

sheath 400498 FlHQﬂne HeSab tndmber WonGisdis, NG WhEle bhen fiapki & Qaléétﬁdéiltwre
74 made froman electrically insulating material. The poly

ol
mat er i alconldyétl\(ﬁ)a%e@dstfw dlétal fﬂezsuwmﬂférdyestﬁablwedudess enyouer $hﬁzathl8&<| bl e

menber ( 5 0,0 r or,t

mat er i aI(ge%clrll'gl%l’elp'%)éolayeqIS relgm gﬁ%ef %@ﬁ@ étﬁ]c%urfe, £ Wt?@%‘?& ane

ur et haneslecteicsint hmﬁaturtgecp@lmetemétevseldeme tpolméyehntﬁkuenelédfd&keseed iacone;
or conbi pati ons thereof mer material can be | am nated, dip-coated,

spray- cSaswgd dwormetrsar ﬂ%x'ﬁ@ o%fythédbeém meambeide-g- h35plt@>@5r9)e structure
74. Alternatively, a thin filmof the polynmer nateri al Wge PTFE) can be
fp

w apped [28894] t h&andidatl enaterialst fore the. palymarnmatedaly, lnql elyethiyene

56 or cdumiARiePETInERRExY pobEreBhiF. AAaRR cafftthne R Soi/ oot
pol ymer -fritgdpsigetrgternt (EDPE); RificdhieororCenkithateing @0dR8F. ATHel Idolyeer

di scussed later in greater detail, it is desirable to rotate the device
within trRaterighgdn é’ﬁt'éwn%tﬁﬂeﬂlptwteﬂe‘mfﬁv qf?@&d 9 adhenvwdse depositedieppliesk

h th
10, EREIRE heNBld sl BURYDL; AlerBily SWIRIAEN B BIdAeR,
end of tPEFEp¢anehe mappedllwduy tgewmltileestdjctmesmnSAloérnenmlyerlr@ ﬂe;nateony

In one re resentati ve enbod as shown in Figs. 16A and 16B, the
pr oxi nalSt ref /4 r‘r‘@ns%ﬂrﬂh%n 'Sé '%{@?Qd apg rﬂcﬁereﬁawewesse@mnhe@ﬁb SBy0ora

orel o @bk 0PSBt b UAE ol belRA G ied o\ Ay By C38RF Sl o

handl e asisnbly 200. The rotator 230 can thus be rotated at the distal end
of the handl e assenbly 200 independent of rotation of the handle assembly

200. [00197] The pro r{‘a,[ the force transmtting section 30 is

attached to a st& Mﬁﬂﬁﬂge—% on the rotator 230. Rotation of the

rotator [%8?9&]618 As WI|| be discussed later in greater detail, it is desirable to rotate the
device within the renal artery after the thermal heating element is in contact with the
vessel wall. However, it may be cumbersome and awkward for a clinical practitioner
to rotate the entire handle assembly at the proximal end of the device, particularly
given the dimensions of the renal anatomy. In one representative embodiment, as
shown in Figs. 16A and 16B, the proximal end of the shaft 16 is coupled to the
handle assembly 200 by a rotator 230.

[00196] The rotator 230 is mounted by a tab 84 (see Fig. 16B) carried in a
circumferential channel 86 formed on the distal end of the handle assembly 200.
The rotator 230 can thus be rotated at the distal end of the handle assembly 200
independent of rotation of the handle assembly 200.

[00197] The proximal end of the force transmitting section 30 is attached to a
stationary coupling 88 on the rotator 230. Rotation of the rotator 230 (as Fig. 16A
shows) thereby rotates the force transmitting section 30, and, with it, the entire
elongated shaft 16, without rotation of the handle assembly 200. As Fig. 16A
shows, a caregiver is thereby able to hold the proximal portion of the handle
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shows) thereby rotates the force transmtting section 30, and, with it, the
entire elongated shaft 16, without rotation of the handle assenbly 200. As
Fig. 16A wbawwy/o7s176ar egi ver i s thereby able to hold thePprasemlosysssti on of
t he handl e 57856- 8021 W00/ LEGAL1 7467783 1 -50-assenbly 200 rotationally
stationary in one hand and, with the same or different hand, apply a

torsi Onadssbﬂfbhe 200 Edlétl(ﬁhﬁll@ft g@t.@@w o baé Hand badehmngﬂtieedambaéﬁ dﬂfferentThl S
allows the actuator to remain easily accessed for controlled defl ection.

[00198] 'Binds@pplyer éoraicgatipre o H}ﬂjrqmtpéewlﬁﬁ PtRée theoptongatassiifel Gsdbisol y

t ?;gg% hsés!@gﬁst@éfatc ;gtoF {q]re%éﬁh%%sflgaEcess%%)#dF‘E{aﬁt'P?n’éd @’éf?e%*’t‘ées‘ f[agfgr " ga: -
et angl dABNeEEna e "ot EablBs i caresinpnal L e A8 ec AbOd B
depi ct edhidugh the 3R&HtRIfOed@8viae @l hefattiohi WiréicaBlee! ds@Akalt @a@@lﬁfs@ﬁ)'ﬁ t hi s
need. In thi's enbodinent, the rotator 230 includes an axial groove 116, and
the di stwire(shribemnoetupiewineds)deic. adse desifabledodismpratatien af thetshaiyrelativer f ace

anot hor et O eSO b6, uiheEsany epRERR PR R iR Bodr TR
that it wmmnTthminUM\aQsiembI? drabedintent RRpictedin F@ﬂ@@bbb\ﬁd@lékombhaln the
hel i cal channel 120 of the fitting interface 118 and al ong the axial groove

116 of t!ﬁ@t"ﬁ@)teﬁrﬁﬁnt igaddrens t'b'élﬂeePZZmr Bug pEOdiieesh dhe roftRr 2HuMIdesNd/ or
aroove AExPblootel 1161 ORI SIP K RRChr BRTREMERLL AL NS6 ShalEoutd |

not be a rotate any fur I'rectlon o ator
230 and fhtmgllireteffatd i11@ mamnegfaahehchl&heanelbez&om|b@tlrm tomatikiog $tainlédze
opti mal nunber of revol HJ'[IOI’IS for the sh gi.ven, structural

ft r .
o mensi GHER @S HES! 08 AP0V RPF o aceha Bh-EHTS FTTaRe TG at i
assenbl i ‘ t he
Shart ] fuplBRy oSG tntifoRdtor, ey SAMIROLSAraviiftin IPnéIRAP LN I 20

€ asse Limting rotation of the shaft to
the opt iofetherflhhntgamterffaceeﬂd;BLandoalsngﬁyemlaicgnow&ad16fafrthe>retaixbre V\b“yen the

f | | the h h
PPeC ! L P A red RS o GRS Reet AL ahi b BV the i Bl 4t o788h Hove: ne
vicini t yarfaf cbhisequéritl, RNRol Wil K6 o able® rbidtgany HaRGbNNAhal GHash

channel 0 may be about tw ce the inner circunferénce of rotator 230 in
th f
T TR

116 spacaidwagar tthérop’mmhb rfunnisér lodl tevbRR2ions ufdr thtsHalfte gxdelmtstamibrdbad)d
travels gvl mteﬂls%nlépgor?setlreluﬁtgl (ecgha\r/]v?r%!s) 1%Res o?r?peodne% %the handle assembly may
be configured, for example to allow for two revolutions of the shaft independent of
the handle assembly. Limiting rotation of the shaft to the optimal number of
revolutions may be achieved, for example, by specifying the linear length of the
helical channel 120 as a desired fraction or multiple of the inner circumference of the
rotator 230 in the vicinity of the axial groove 116 (e.g., the linear length of helical
channel 120 may be about twice the inner circumference of rotator 230 in the vicinity
of axial groove 116). Additionally or alternatively, an additional ball 122 (not shown)
may be positioned within the axial groove 116 spaced apart from the first ball 122,
such that the additional ball travels within the helical channel 120 spaced apart from
the first ball. In such an embodiment, the additional ball would limit rotation in one
direction when that ball reaches one end of the channel, while the first ball would
limit rotation in the other direction when that ball reaches the other end of the

channel. In this manner, the two balls would limit rotation of the rotator to an arc
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the first ball. In such an enbodi nent, the additional ball would limt
rotation in one direction when that ball reaches one end of the channel,
whi |l e t hewbizosgro7Rersl would limt rotation in the ot her @craseeoncwsben that
ball reaches the other end of the channel. In this manner, the two balls
would limt rotation of the rotator to an arc 57856-8021 W00/ LEGAL1

7467783 Ién%tﬁﬂ_esé et Wduﬁﬁétﬁdﬂw&evwgfbMéWbWtﬁé lineapremgtrsiof hBlicdl kbahheear
| engt h of helical channel 120. [00200] As has been described and will be

descri be®0-n greater detail later, by intravascul ar access, the caregiver

can mani pul ate the handl e assenbly 200 to | ocate the distal end region 20
of the {0026k ed Ashhas beenwiedurivedhand adpbetdaseribeddn gieaterdetdihtatemryygi ver

can then gperate the actyator 260 on the handl e assenmbly 200 e Fh0g. 16A)

o der | dRPBvE e Pt dBt MarddVeran Beiniee B FRhcls APl 2P o

zone 34.|od4te thardstay end Gré%iohr@‘oﬂﬂﬁi alodghht® safaterwiif tha rédisedizedeRal

assenbly 200 (see Figs. 16A and 16D) to apply a rotational force al onf_:; t he
y

el ongat eéaftesfiaf Thel garegiver ean herpoperfate Hbe aciueiar @§0sorftne Tangiee assermb

artory. raee e AERBe e ale Rt o RN A iMehl R R RRE Bl et Toiena
artery, flexkréigoht BAsiFie tdar@gfméretéén ahsh asderald the hetausrs380 omltie aaddle
determ ne whether there is wall contact, particularly in planes where there

i s poor 288N oA dSe¢ Suigki /8A @wd [16D200] apRlyar sfafienanfarcaspess e t he
di scl os Yiat ; | LAl m ze
oper at of#%@§§e[g§\c/§§%4a%'dr‘ﬁn%?§g h??]?ﬁ@%@é%”%ﬁ%lgg e@?é tﬂbf%%@ﬁdhﬁ]g ﬁﬂ%ﬁ@% |tleént .

As showrflexUios zernen®t és defie€lied. withib, thienrdsipgctivas remal anterlyi rptatdd,thehbelraaldl e
assenbly al so conprises one or nore surfaces 243 that sybstantially conform
to the JRARGCIH t4 pehy the, pesradciivg reasl ayeryrinakiag it §8eiendd aciifvén i s
shown t ' | We¥ t:er, ' ,
shaped oF T B8 AR sl welling Beterine Riel el Inde ff it ol Aty
beneat h is tdressewhditecthemnisqrodrregngsagréplcie vasl@lizatidii.es t he clini cal operator

to keep the handl e assenbly 200 stable when the treatnent device 12 is

W thin t[0620%} i ent anlauditicshe atsFectchfathe didutostrviechnvlogy, iHe h@dl@&bé@mbge
patient, the operator can sinply dial the rotator 230 wi thout any need to
lift t h@QQaﬁ@Vebea%@!ﬁWW tWﬂ'm'ﬁ%OQS@tﬁﬁlﬁreﬁé@T nagdiing pethegeviedwhievt ce

L2 conryE S, 14 SRR TRRSRY BagEe I EUTIon S R3sriRkg o1
m ti gat ékethendle assembly also comprises one or more surfaces 243 that substantially
conform to the surface beneath (e.g., operating table). This surface 243, which is
shown to be substantially flat in Fig. 16D, can alternatively be curved, shaped or
angled depending on the configuration and/or geometry of the beneath surface. The
conforming surface 243 enables the clinical operator to keep the handle assembly
200 stable when the treatment device 12 is within the patient. In order to rotate the
device when it is inside the patient, the operator can simply dial the rotator 230
without any need to lift the handle assembly. When the operator desires to retract
the device for subsequent treatments, the operator can simply slide the handle
assembly along the beneath surface to the next position. Again, this mitigates the
risk of injury due to operator error or over handling of the treatment device.
Additionally or alternatively, the lower surface can engage the surface underneath

using clips, texture, adhesive, etc.

[00202] Additional enhancements to the rotation mechanism disclosed herein

include providing tactile and/or visual feedback on the rotational fitting so that the
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risk of injury due to operator error or over handling of the treatnent
device. Additionally or alternatively, the | ower surface can engage the
surface uwdepreastisusi ng clips, texture, adhesive, etc. PLOORO®RP/oSEEddti onal
enhancenments to the rotation nechani sm di scl osed herein include providing
tactile and/or visual feedback on the rotational fitting so that the
57856- 8plerdidP WanE& rtisé4grédtst dontfo?-MREEATOIN RAALIRK B 08RIcE! EThE roAdH I Ol
and care in rotating the device. The rotator 230 can al so be selectively

| ocked t23Q ¢@ni atser g&c@'%%‘éﬂhéﬂ%'ﬁﬁ%ﬁ@nmen@ﬂtﬁﬁa@%thqf @b)étFPréMenﬁlrfg ffudher
oper at or, e t.iC

posi ti ono A@Eﬁt Efettrh% %?érg &hﬁls}é EEE)g?@rqr%rvsgl\Hr]%I?mggtsagﬁgé 'h *Sgﬁ"’% urlraarr kers
al ong t hpbsstiva. tAhairm@k @o@@ﬁ@mbhhanoemeabinelmbe mpeud&tg)dlstwcgagarlwrsbw
when retracting the treatnent device, B. ond Representative Enbodi nent
(Di st al ?e%h@ﬂ‘&az&l@ a@‘e‘%biyst@seaakaipetiaﬁmer@tqr.toegagee@@%@@)wb@mm?ctﬁggs
17A and tﬁ@@re%ﬂﬂﬁ’n??é@@éesem ative enbodi nent of an elongated shaft 16 that

i ncludes a proximal force transmtting section 30, proximl flexure zone
32, internmediate flexure zone 34, and a distal flexure zone 44. In this
enbodi nent, the rwoen'ddRe_p&senmtivarﬁmbodifrmmr@isitehFla‘xurmZonediomr@risesr&e
transm tting secthlexibldActiveddeatebdd) exure zone 32, and internediate flexure
zone 34 are conparable to the respective counterparts described in the
first rqpo2esnt atHiys ”ﬂmbed'drrWB shoW02 0dprebentative emnbodinentof dnosevigated: he

di stal flexure zone 44 is sized and confiqured to itself serve as an
active, ﬁaétxﬁ)ﬂ@téﬂ‘%l%@@%éé)rg@mﬁﬁor@?éFﬁﬁS@ﬂ'tt'th?@Cﬂ@fh% proxigal Bexure 280 ode
90 i s si [ tsh i ate
lexur o Zonyesyoapfe TERUATz4M 32, SRR ol Niesr e PbRe 44130 R Bp e,

el ect r odbe Qﬁaialatéwazd))andwcowatlom of ttrhlatpr<b>hmabcﬁrsrsbtﬂ*amamttnngesemtrdnaﬁ@, area
of the electr eased a

: hi
Ot e orRERRMA Xt Foae | Ehaiy BHOTHTale: [ORTe 2Bt Hep LOrRMEDS0ios g o
the TTexiBhbii ﬁ%@@ﬁg%l‘t@%e%nﬁ@@wﬂ!h%tﬁ%t A AR e bdirASnPT Vi ousl y

descri be Mat er 1 al re selected that, 1naddition to inparting the
desired i a | e e
el ect roo[te)bgghfs tlélépgbéﬁtb F)em %'ﬁtéq?r%é&eﬁ nféo?ljgslt%{lt fsléa)gjrﬁg%r &9 g%g'fs ag%%e{ga&% orm

cl osel y cagdigosdd tohitselbseme awbh ,adtlherﬂaé)ybléwled:tmsde 90r radiantetbhehpexsive) e

active surface area of the electrode. The active flexible
flexible electrode 90 is sized and configured fo be equal to or greater than the

intermediate flexure zone 34. The total surface area TSA of the active, flexible
electrode 90 is thereby increased, so that the possible active surface area of the
electrode 46 is increased as well.

[00205] Also, in this arrangement, the entire length of the active flexible electrode
90 shares the flexibility properties of the distal flexure zone 44, as previously
described. Materials are selected that, in addition to imparting the desired flexibility,
are electrically conductive as well. The active electrode 90 is thereby flexible enough
along its entire length to conform closely against the vessel wall, thereby further
increasing the possible active surface area of the electrode. The active flexible
electrode 90 may also more readily deflect away from the vessel wall when engaging
the vessel wall head-on, to thereby minimize the forces exerted against the vessel
wall as the electrode 90 is placed into side-on relationship with the vessel wall. The

active, flexible electrode 90 can thereby be considered more atraumatic.

57856-8021.WOOO/LEGAL17467783.1 -53-



el ectrode 90 may al so nore readily deflect away fromthe vessel wall when
engagi ng the vessel wall head-on, to thereby mnim ze the forces exerted
agai nst twe 2osmasel7swal | as the electrode 90 is placed i RCO/USR@OAIB34
relationship with the vessel wall. The active, flexible electrode 90 can
t hereby be considered nore atraumatic. 57856-8021 W00/ LEGAL1 7467783 1

- 53-[ 00206206 t e the! iHgdtrabe deraBbaiiemNthe tdeav@ciiéxBle EleerbBeeo®ligahgode
90 further desirably includes a distal region that is tapered to forma
bl unt, &lesiahiy ingl Lﬁlﬁt@ééeglgn thaé i@ Aaperiger e éoras acBbinbeatraymatic fansim
met al by t) r C The
et al T8 Bl 3004 ThaS8 SLABkE A RalehE! Pinel rachih gl SRR A e,

| am nat iregistivs weldiag ! ommiadhiming tedhnicuiess. THe effhlsluﬁaBemliae@aamta%bl beeformed
Enbodi ment (Distal flexure zone |Includes Substantially Spherical Active
El ect r odEOM [POHS0EN Mefeyials by RORA NI BENIEAHAN O IBRRTE I REI 9N HABRR nent of an

el ongated shaft 16 that includes a proxinmal force transmtting section 30,

proxi mal flexure 139ae BéprRBAtAiveN EMBBEIRtS fims feﬂéﬁﬂ% 34bpedn c%d@ss"al
flexure zone 44. d p T &SRR R ctive on

of the proxinmal force trasHTttrng Sectr o S0, pI‘OXI mal erxure zone 32

Coint o FREIT, 1060 8o LAIBRPARc SRR Yo
enbodi mhaft t@ e encludde adirexial ibresuransrtinmgigedtion B @roxindl dexdregoned t o
carry a substantially spherical or cylindrical active electrode 92 at a

| ocat i om%ofRd 7 dﬂiefﬁﬁ!eﬂiﬁtgp%@@cﬂeﬂ%ﬁ ids MGt digal flexnre Fogeefbodn ntﬁﬁt
the di St%b&jlﬁﬁ#ﬁ ethé?lrﬂgte‘}%lss r%?zree%ntdh@orrﬂéﬁ?‘értﬁble%ft}ﬁpﬁﬂgf(lﬂ?él §5icett Sisrtirig

di st al Xure zone previously d nmet er, however, the
di stal fdeexione3@pr@oxialsflexured zand Banarghrumt@rmedtmee afgMupE| manml 4 eamaal to

the internediate fl xure zone 34. In dia e spherlcal active
el ect rod@r@@arﬁg estht 8 FePeRIVEFOYBterPRHR | nﬁ“@ {B’uséﬁag SPCRRd EADAGEERIS- f | exur e

zone 44. Therefore, flexure of the distal flexure zone 44 can place the

spher i cA0080BL1 r ddhis2embogimenk dewenerhihe giséelt e seane Afes, S,
t
' st r b ORD obfhy 4 oSG DR spAEe r, bR R RS R BT Sl o

di stal riecation trivaé pr6xutrm«9rs§macbd ﬁr@mrrt@dwtalrénd ahraigreinbodénents dihé astalt 8.

The end surface 48 can be fo mnetal materjals bP/ | aser, resjstive
wel di ng, flexprergene r414n§f‘9£rééﬁfﬁ$ (ﬁ'@é@"'t?l‘ﬁﬁa'@%erﬁﬁ'ﬁﬁéﬁéhgg“%a hileyuse Z@@efddjr rASd

from pol ¥BBhusly described. In diameter, however, the distal flexure zone 44 is sized and

configured to be approximately equal to the intermediate flexure zone 34. In
diameter, the spherical active electrode 92 is sized to be larger than the diameter of
the distal flexure zone 44. Therefore, flexure of the distal flexure zone 44 can place
the spherical electrode 92 into contact with a greater tissue area, thereby increasing
the active surface area (ASA) of the electrode.

[00209] In the illustrated embodiment, the distal flexure zone 44 desirably
includes a distal region that is tapered to form a blunt, atraumatic end surface 48.
The end surface 48 can be formed from metal materials by laser, resistive welding,
or machining techniques. The end surface 48 can also be formed from polymer
materials by bonding, lamination, or insert molding techniques.

[00210] The spherical electrode 92 can be attached to the distal flexure zone 44
e.g., by spot welding, laser welding, or soldering techniques. The placement of the
spherical electrode 92 along the length of the distal flexure zone 44 can vary. It can
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material s by bonding, |am nation, or insert nolding techniques. [00210] The
spherical electrode 92 can be attached to the distal flexure zone 44 e.g.,
by spot webanrog7sizaser wel di ng, or sol dering techni quesPCThiS2@vacsaent of
the spherical electrode 92 along the length of the distal flexure zone 44
can vary. It can 57856-8021 WO00/ LEGAL1 7467783 1 -54-be placed, e.g., in

t he apprexplaeea, §lgd-in @gé apprixirmbe: Midt&dioh lof e gistniexdrb z@e &4 06etlosér t he
distal end than the proxi mal end, or vice versa. |IV. Use of the System A

| nt r avadedhedistel| gngeihan thefrexmasendner Prayef@t of the Treatment Device

[ 0021 1] Any one of the enbodinments of the treatnment devices 12 descri bed
herein n b Fyer er a guide wire using conventional over-the-wire
t echni qﬁg's. Seol i it in this manner (not shown), the el ongated shaft
16 includes a passage or |unmen acconmpbdati ng passage of a guide wre.
[00212] Al 't ernat Nt Rlege : ptrger

¢ A Detiverly, t Heflectiont angt Rlacerve ] By
can be depl oyed @&vige a conventi onal guide catheter or pre-curved renal
gui de catheter 94. [00213] Wen using a guide catheter 94 (see Fig. 6A),

t he fenq0aR14yt erAnyi snexpioterd eamsbdiments af ebe aredtheerntadevicds tiRedésoribeal
triangl e, using conveptional techniques. I.n one exenplary approach, a guide
wire (n ergwova%ﬁ |%>e i%‘é?'ﬁe&d QM&F oﬁggu e WG 42NG PRNVEREOPEs Q@ UR¢ WS mage
gui danceetiigued Wiser 3t iy mbAh 149, Bht CE¥ngaLagde 1620
into ei tﬁgr |taﬂ§§‘| eft or%%ﬁ{l;%%td rnenall g?te‘?ry?&% %u(?\@@’catéﬁée%sre] cgﬁ%bée pggsed
over thengudéeg apassagatoo lurhen accessratiatiogglassageroy a guide giriede wire is then
renoved. Alternatively, a renal guide catheter (shown in Fig. 19A), which

is speci[poesR] y #hepestivengd asgnérieor etk treatmemtsdevicesnldedttibed heesin dz@ used
to avoid using a guide wire. Still alternatively, the treatnment device can

be rout k¢ AERRYEH&ISINGBICANVARHIQTE) quide RathelaT0r Rier@ryed sena) GHee 6aaier ¢
gui dancegand without the need of a guide catheter. [00214] \Wen a guide
catheter I's used, at |least three delivery approaches can be inplenented. In

ochn ql00214, PRVE8E bl GidB Reier 81 GRBIEBCRAN T6F ER T Rley B cery
just di shedosk@ AME cBRhURAEE fthbhBage Al thar fegioral Tiendlé easimgnéorsievitional s

then routed via . . o
techniques. In one exemplary approach, a guide wire (not shown) is inserted

through the access site and passed using image guidance through the femoral
artery, into the iliac artery and aorta, and into either the left or right renal artery. A
guide catheter can be passed over the guide wire into the accessed renal artery.
The guide wire is then removed. Alternatively, a renal guide catheter (shown in Fig.
19A), which is specifically shaped and configured to access a renal artery, can be
used to avoid using a guide wire. Still alternatively, the treatment device can be
routed from the femoral artery to the renal artery using angiographic guidance and

without the need of a guide catheter.

[00214] When a guide catheter is used, at least three delivery approaches can
be implemented. In one exemplary approach, one or more of the aforementioned
delivery techniques can be used to position a guide catheter within the renal artery
just distal to the entrance of the renal artery. The treatment device is then routed via
the guide catheter into the renal artery. Once the treatment device is properly
positioned within the renal artery, the guide catheter is retracted from the renal artery
into the abdominal aorta. In this approach, the guide catheter should be sized and
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the guide catheter into the renal artery. Once the treatnment device is
properly positioned within the renal artery, the guide catheter is

retract eawbnromvaBesrenal artery into the abdom nal aort @CTIUs2400i0693appr oach,
t he gui de cat heter should be sized and 57856- 8021 WX00/LEGAL1 7467783 1
-55-configured to accommodat e passage of the treatnent device. For exanple,

a 6 Frerghfigurdte i dcBetneiods fissugedof HOZERIMEM aevies onNEoresRaMbRY,Ya 6
approach, a first guide catheter is placed at the entrance of the renal

artery (henshguidg ¢atbater sagiiedesad-re). A second gui de catheter is passed
via the first guide catheter (with or without the assistance of a guide
wire) iM00219k rdmal secanst gxermplary mpatoasht, adkiret geidescatheterrio plaaedvatathehe

d i.d ' he . | . e h devi [
SECn, S U ER A AR B8 oL, AP B S,

retract gd paksay vitHd st uRle itheRr ¢aith&r &lithRjut the agsistaresoftd glide wieanl
artery. In this approach the first and second gui de catheters should be

si zed ariatoc B refaleartery. adbentigefment egider)ds dnen meutedcviadthguseronshghisicer

ithint ' | d t ' P | | . . f ol first
out de. carnerer ol aBR AEafe, e JealBR aPREarboPerk dstidith
gui de catitreih ehe refrlr arer@iné Secbh@ duide taietsteis catrbeted! lexigltHeefiBt Guriech in
size and the second gui de catheter could be 5 French in size. [0021I6] In a

third ex@ipetar ot dppeddience dadhagespbarenn I §is apRroach Bigafirsy@ndesectnglet er

o4 i T g e : ;
of t he rdids Gfetts Bhdulfe SHEILAR! odtfbl kst BleoBiiodHL dteblle Gniis? ) o
descri bestchadaiuidé satretsredithinr thegfirst haidgucatbetart(het, éhe Wnemdiameter dhthe

accessed renal artery. The e] ongated shaft makes atraumaiic passage through
the gui d@sfcawﬁ@tfath@ér SthUWeQ%cg%%tetr dh%rt%@é%fp@'?&?t%o% Hee ﬁ%?‘%’éﬂg guide

transm téétﬁ‘&e@‘;CFbP@xg’Hgié]rtﬁé'ql?stt ?@d@%ﬂl‘wﬁeﬁ%ﬁf@bé @ﬁpencﬂhﬁ] Qkéﬁdﬁﬁfq]ee

fl exure zone accommodat'es signTficant exure at the junction of t
| ef t/ri gfetcondmplideacathetercoaitibadrkrentb igaize. entry into the respective |eft
or right renal artery through the guide catheter 94 (as Fig. 19B shows).

[00217] [Ae2f6p. 19G wirdvexerhplani approaed] ahe okl showreirzBire 194, @rdriaegdid%t al
end portion of the elongated shaft 16 can now be axially translated into
the res rf@éfﬂﬁ*t@é 946!%@9?5'9[‘6@9","@%#& éWO@I‘dﬁa' SOf'3q jush @refmabiathegentrangce of

To and 4adS Foa 2N oRRaRY o PR o Serol calrrrer honfe g poehe ¥

artery. hsseid ig. pds3€df thraugdr theehguisle ¢dtketdr Qdabnd liriguhe aoeeesed renal artery.
The elongated shaft makes atraumatic passage through the guide catheter 94, in
response to forces applied to the force transmitting section 30 through the handle
assembly 200. The proximal flexure zone 32 accommodates significant flexure at
the junction of the left/right renal arteries and aorta to gain entry into the respective

left or right renal artery through the guide catheter 94 (as Fig. 19B shows).

[00217] As Fig. 19C shows, the intermediate flexure zone 34 on the distal end
portion of the elongated shaft 16 can now be axially translated into the respective
renal artery, remotely deflected and/or rotated in a controlled fashion within the
respective renal artery to attain proximity to and a desired alignment with an interior
wall of the respective renal artery. As Fig. 19C further shows, the distal flexure zone
44 bends to place the thermal energy heating element into contact with tissue on the

interior wall.

[00218] As Fig. 19D shows, the complex, multi-bend structure formed by the
proximal, intermediate and distal zones 32, 24, and 44 of the distal end region 20 of
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44 bends to place the thermal energy heating elenent into contact with
tissue on the interior wall. [00218] As Fig. 19D shows, the conpl ex,

mul ti - bermoxorouosrse formed by the proxi mal, intermed aPeTasdoodioss3ad zones
32, 24, and 44 of the distal end region 20 of 57856-8021 W00/ LEGAL1
7467783 1 -56-the elongated shaft 16 creates a consistent and reliable

active sHef@efgatedashift Creichsdtebed VpRisié® bR@rehblaeattivey satao® dreg4ornd
tissue within the respective renal artery (refer back to Fi 9&’1 8C). Thernal
e

energy c@nta@vpawesppliecthermabhgating clemenhgl Arcittisaye avidiieribe xgspectiveduce

one or ' foeGt ' ' 4 ng
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[ 00219] tAermalehieatisy \eldesot iZdedo ihbecaaineator omord théenalohéaiig wffeetst@nt o
deflect the internediate flexure zone 32 hel ps position the thermal heating
el enent |9@alizgddggionstof hiseue alpn0, BeJesregtive. remdl ey particul arly useful

when the distal end region 20 of the treatment device 12 is delivered into
the renal arf‘Eﬁry’Fa%ﬁitagtMOht%cFWh tAE BesBHEN@ t he curve and placenent of

t he renal guide | | the treatnent device 12, the
di st al I 0 i | ' '
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ther mal diapbi ehtRlcPiRRYcEHM 2 agﬁ\%}b?%to“{ﬁéﬂrér%g AVRPP s %‘J"?ﬁﬂ Mg ."PIS.

inferior |location, as shown in 9C. Th.i S fl ection . .
i nt er mreddae & fHeesurve andrglacdmest ablhiesieas! gride catmtac P4 and griestatiesof thea t he

di stal flexure, zone 4 stabjlizing f e between the thernmal .heating

ol orant ARt §R0EE: T2 ife 38, 608 rPGRh St HEFthl e e Fovidhie b

contact Jydifsttihe YESSRIr MRidn of NRe ORRYsal WallC@Reh @Bt ideiivérabieintd eRé rensl at

this generally inferior (bottorréﬂl ocation or rotate the treatnment device as
n

shown i rart@ry. ag showerindngall Br n@nee tthe glistahend degion ds . posdiored] atthe rest ve
defl ecti f_Loter | - f r ng 34 i N .
oper at i Ooﬁgtg‘f) .p ttﬁjna (lf)ﬂr% Hé%,glnbt%%gla?oezr@oﬁ}eaép béaet{"mér})_ ggﬁ&(}x%ﬁ%%g@dﬁt%f
t he i nt afgxerk abee f34exartee zenmtdd260do positiparthertheegltieadingtdiemeanal iatot ery.
As shown in Fig. 19C, this contact region 124 generally occurs at the apex
of the HEOnNaGiWiththe vessel wall at a more inferior location, as shown in Fig. 19C. This
deflection of the intermediate flexure zone 34 establishes wall contact and provides,
via the distal flexure zone 44, a stabilizing force between the thermal heating
element 24 and vessel wall to position the thermal heating element in contact with
the vessel wall. The operator can then initiate treatment at this generally inferior
(bottom) location or rotate the treatment device as shown in Fig. 19E for an alternate

treatment location.

[00220] The active deflection of intermediate flexure zone 34 is facilitated by not
only operation of actuator 260, but also contact between a proximal region of the
intermediate flexure zone 34 and a superior region of the renal artery. As shown in
Fig. 19C, this contact region 124 generally occurs at the apex of the bend of the
intermediate flexure zone 34. This contact region 124 is in radial or angular
opposition (e.g., about 180° offset about the vessel wall) to the contact between the
thermal heating element 24 and vessel wall following deflection of the intermediate
flexure zone 34. The stabilizing force provided by the intermediate flexure zone 34
to the thermal heating element 24 is also facilitated by the opposing force at contact
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I nternmedi ate flexure zone 34. This contact region 124 is in radial or
angul ar opposition (e.g., about 180 offset about the vessel wall) to the
cont act b&Owesyn78116 t her mal heating el ement 24 and vesseCTweske09fad3BowW ng
defl ection of the internediate flexure zone 34. The stabilizing force
provided by the internediate flexure zone 34 to the thermal heating el enent

24 is alragionar24.i Eaéedhey thB®pepMos tdtbtdsathearaitmenntiévite td 8hburBfstdntially
WO00/ LEGAL1 7467783 1 -57-region 124. Even when the operator rotates the
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thermal heating eleffent at or 1n the vicinity of the internediate flexXure
zone. Plelemeph24 @hdtthe vesseindalt.her mal heating el enment on or proximate to
the internediate flexure zone may enable the creation of a thermally

af f ect eq0022¢Le Megedaineémbodiatenisdas smdwac in Fegie) itliddy (@lseebe behefigial o on
of the vessel wall that is in contact with the internmediate flexure zone).
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woul d al,}; ; t t ;
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of the internediate flexure zone also plays a valuable ro in this regard,
par t i culthelfirstwihenmakeleseenttand the SM Hienme! elgroeridwoyldt ilow greabpaiaderony .

002231 B 0Bl il Tt HEPRRaRd B PolI s et o
bef ore tdigingrd singldplRaBeRRSIt of the catheter apparatus.
[00222] As described above, the size and configuration of the intermediate
flexure zone 34 play a valuable role in the positioning of the device for treatment and
in facilitating contact between the thermal heating element and the vessel wall. The
dimensioning of the intermediate flexure zone also plays a valuable role in this
regard, particularly with respect to the constraints imposed by the renal anatomy.

[00223] Referring back to Fig. 7E, the length of the main branch of a renal artery
(i.e., from the junction of the aorta and renal artery to just before the artery branches
into multiple blood vessels going to the kidney) is RA_ and the diameter of the main
branch of a renal artery is RApa. It is desirable for the length L3 of the intermediate
flexure zone 34 to be long enough for the distal end region 20 of the treatment
device 12 to reach a distal treatment location within the renal artery and, to be able
to, upon deflection, translate the thermal heating element 24 to the radially opposite

wall of the renal artery. However, if L3 were too long, then too much of the
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into multiple blood vessels going to the kidney) is RAL and the dianeter of
the main branch of a renal artery is RADIA- It is desirable for the
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and proximal |ocations. [00224] Additionally, as a practical matter, L3 is
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shows, tyesstlset Bwanhsads tang as about 20 mm. In another representatlve embodiment,

L3 can be about 12.5 mm.

C. Creation of Thermally Affected Tissue Regions

[00226] As previously described (and as Fig. 19B shows), the thermal heating
element 24 can be positioned by bending along the proximal flexure zone 32 at a
first desired axial location within the respective renal artery. As Fig. 19C shows, the
thermal heating element 24 can be radially positioned by deflection of intermediate
flexure zone 34 toward the vessel wall. As Fig. 19C also shows, the thermal heating
element 24 can be placed into a condition of optimal surface area contact with the
vessel wall by further deflection of the distal flexure zone 44.

[00227] Once the thermal heating element 24 is positioned in the desired
location by a combination of deflection of the intermediate flexure zone 34,
deflection of the distal flexure zone 44 and rotation of the catheter, the first focal

treatment can be administered. By applying energy through the thermal heating
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el ement 24 can be placed into a condition of optimal surface area contact
with the vessel wall by further deflection of the distal flexure zone 44.
[ 00227] Qmoeotomsst7er mal heating el ement 24 is position@dTius2e0ae6wasi r ed
| ocation by a conbination of deflection of the internediate fl exure zone
34, deflection of the distal flexure zone 44 and rotation of the catheter,
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just described (as shown in Figs. 19F through 19K), the caregiver can,
create shé*«?é'PSIe'é’W@F‘h% usypa%w'%?iat@isgga@d P 8RS cyse@fereggeldgs:awwth@nd

apar 1, Cwe RERHERTEY ificed M, (86 Ty RdeCr BBl AI B E I ) PEPTEE ot
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t he thermally affected tissue regions being more proximal. Fig. 191 provides a cross-
sectional view of the lesions formed in several layers of the treated renal artery.
This figure shows that several circumferentially and axially spaced-apart treatments
(e.g., 98(a)-98(d)) can provide substantial circumferential coverage and,
accordingly, cause a neuromodulatory affect to the renal plexus. Clinical
investigation indicates that each lesion will cover approximately 20 — 30 percent of
the circumferential area surrounding the renal artery. In other embodiments, the

circumferential coverage of each lesion can be as much as 50 percent.

[00229] In an alternative treatment approach, the treatment device can be
administered to create a complex pattern/array of thermally affected tissue regions
along the vessel wall of the renal artery. As Fig. 19L shows, this alternative
treatment approach provides for multiple circumferential treatments at each axial site
(e.g., 98, 99 and 101) along the renal artery. Increasing the density of thermally
affected tissue regions along the vessel wall of the renal artery using this approach
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circunferential coverage of each |lesion can be as much as 50 percent.
[00229] In an alternative treatnent approach, the treatnent device can be
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regions along the vessel wall of the renal artery. As Fig. 19L shows, this
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vessel wall and to cause flexure in the distal flexure zone 44. Fig. 22A

al so shqoe28tNt acigs.e2pLno 1I2€ \Whevide tregsvpi®imbbes e e afedth@ent device
internmedi ate fl exure zone 34 is in contact with the vessel wall in radial

or angul‘¥fhipphdenali arierodedng &y apEeRestydy heFidhetdfnIshrwst PeYtieniBgedft thend
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retract iiotermedete ZBRusd @omet B¢ has been deflected to position the thermal heating
element 24 in contact with the vessel wall and to cause flexure in the distal flexure
zone 44. Fig. 22A also shows contact region 124 where the apex of the bend of the
intermediate flexure zone 34 is in contact with the vessel wall in radial or angular
opposition to contact between the thermal heating element and vessel wall. Fig.
22B shows the placement of the treatment device at a more proximal treatment
location following circumferential rotation and axial retraction. Fig. 22C shows the
placement of the treatment device at a proximal treatment location just distal to the
junction of the aorta and renal artery. Figs. 22D and 22E provide analogous
fluoroscopic images depicting the treatment device positioned for treatment within a
human renal artery. Fig. 22D shows the treatment device advanced to a distal
treatment location similar to that described above with respect to Fig. 22A. Fig. 22E
shows the treatment device in a proximal treatment position similar to that described

above with respect to Fig. 22C.
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pl acenent of the treatnment device at a proximal treatnent |ocation just
distal to the junction of the aorta and renal artery. Figs. 22D and 22E
provi de awmeal2oparsi7Bl uor oscopi ¢ i mages depi cting the tre&CEarskoodovI36e
positioned for treatment within a human renal artery. Fig. 22D shows the
treatment device advanced to a distal treatnent |ocation simlar to that
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pl ati nutresdmenpé attached to the distal end of the internmediate flexure zone
to serve as a radi opaque marker. [00234] Since angi ographic visualization

of the oe288ht une apetresradrhipodietsrity esldeornB0ain bgevplated iy & nfifferedt typieo t he
renal artery, it may be desirable to incorporate within or al ongside the

treat merftl @OIARAIUE MR- ahal GXapte. AopanchPh AlafluEbmenaRe AREREC: tor e e
bl 0od stgiganmndlof e Pldrkildlate SURIASHER] RS & iBEadlSd Insekad [ nto the
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thermal alteration via noderate heating of the target neural fibers or of
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the blood alongside the treatment device within the annular space between the

treatment device and the guide catheter through which the device is delivered.

[00235] Exposure to thermal energy (heat) in excess of a body temperature of
about 37°C, but below a temperature of about 45°C, may induce thermal alteration
via moderate heating of the target neural fibers or of vascular structures that perfuse
the target fibers. In cases where vascular structures are affected, the target neural
fibers are denied perfusion resulting in necrosis of the neural tissue. For example,
this may induce non-ablative thermal alteration in the fibers or structures. Exposure
to heat above a temperature of about 45°C, or above about 60°C, may induce
thermal alteration via substantial heating of the fibers or structures. For example,
such higher temperatures may thermally ablate the target neural fibers or the
vascular structures. In some patients, it may be desirable to achieve temperatures
that thermally ablate the target neural fibers or the vascular structures, but that are
less than about 90°C, or less than about 85°C, or less than about 80°C, and/or less
than about 75°C. Regardless of the type of heat exposure utilized to induce the
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this may i nduce non-ablative thermal alteration in the fibers or
structures. Exposure to heat above a tenperature of about 45C, or above
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abl ate the target neural fibers or the vascular structures. In sone

pat i ent shetrhalaurbmodesdtionbbaetiactsiineredal Syrppaietit eerid attiifygrRBNAY) &bl at e
the target neural fibers or the vascular structures, but that are Iess t han
about 9®X@ectd.| ess than about 85C, or |ess than about 80 C, and/or |ess

t han about 75C. Regardl ess of the type of heat exposure utilized to induce

the 57856- 80 T4 -62-thermal neuronodul ation, a
reduction i n%)rlen HoFGr boldd ERE activity ("RSNA") is expect ed. D.
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del i ver aesue it meayt be dwneficial &r a’ierrgyttoereSdeliveaed:tha)idrget m@.naestrudfbaas
controll.ed delivery of ener will allow the zone of thermal treatnment to

ext end iRt? GOREOH@MNanR e P‘PrétrCP'keG’u@?ﬁ@%rﬂfe%”@rgbl‘@'”e@i@r"‘wh%i@i“?e%
t her mal tﬁ{a?rﬁ&ltﬁeétﬁwéﬂ?%‘é@@éﬂ intlthe r@hdﬁofﬁé g WSk F&defc}?g Un@dsifidfd %ﬁe@y
e and ent overal

also resul't Tn a nmore consistent, pre
t r eat merdelivégcor therglay effelots gettmr aessel 2Galde HN ca’nikqilednddelu@eys o reoergymmesy

1 T B L e A P B
102, @dﬁg?é@@&at ' "tﬁeer@éﬂgfeﬁ@r‘“ 26f d@’@ir&ﬂg' G p gﬁhrﬂme%o inSRlicttshs

I er| errent ed a convent’i onal rrput er ram for ex ution y a processor
coupl ed qupnlmg;@mwlgoomraa OZTmeaF@orﬁ)tfnmcmtzo&lag thesdelivery nf)lpem'utam

oper at | Febaf ol B Uitmd o PTG adtict acthe. SbPHhe 02 ot 1 ERITSAAIYRel ude

t enper atdBodikidi® of| WFEH 38 GhowtdinP PRE20, RiapChetidipkaheed &s bedmnp/entivhal My
be used to trigger changes in energy delivery. For exanple, high values in

t enper atapnepyter gro@enujrexesution byoa I RIoseRSOE £osPtads L thedgeneseiar ¥ iThewhi ch

Cndesi r PR B D021 CABa e BB e Rep e BeNEAT BY ke eBhlat lond: el LS

be used instrydtionent undesirabl e ther mal alteration to non-target tissue. For
each treatnent, a set tine

[00237] The operating parameters monitored in accordance with the algorithm
may include temperature, time, impedance and power. Discrete values in
temperature may be used to trigger changes in energy delivery. For example, high
values in temperature (e.g. 85 degrees C.) could indicate tissue desiccation in which
case the algorithm may decrease or stop the energy delivery to prevent undesirable
thermal effects to target or non-target tissue. Time may also be used to prevent
undesirable thermal alteration to non-target tissue. For each treatment, a set time
(e.g., 2 minutes) is checked to prevent indefinite delivery of energy. Impedance may
be used to measure tissue changes. Impedance indicates the electrical property of
the treatment site. If a thermal inductive, electric field is applied to the treatment site
the impedance will decrease as the tissue cells become less resistive to current flow.
If too much energy is applied, tissue desiccation or coagulation may occur near the
electrode, which would increase the impedance as the cells lose water retention
and/or the electrode surface area decreases (e.g., via the accumulation of
coagulum). Thus, an increase in tissue impedance may be indicative or predictive of

undesirable thermal alteration to target or non-target tissue. Additionally, power is
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(e.g., 2 mnutes) is checked to prevent indefinite delivery of energy.

| npedance may be used to neasure tissue changes. |npedance indicates the

el ectri cavopnopeast?y of the treatnent site. |f a thernal PCmaiseenomey33€l ectric
field is applied to the treatnent site the inpedance will decrease as the
tissue cells becone less resistive to current flow If too nuch energy is

appl i ed,arf efettved paiapaéter @ radnitsrag WakitiolmgTie a6Ifiery e Aheriahg. Poaek Node,
whi ch woul d i ncrease the inpedance as the cells | ose water retention and/ or
the el edupelipn sliveliage andLugent e e algasitm may failerethgevaliageaandiar garrent

coagul urny,. L [ | i - i ndj ' r

or o ot 10: e, 800 B8 FR0er, DArARVE: SRAR TG ARIR] PRKEREE (Bo.
tissue. rated of chamige) cap ey bé s1sbd 86 fridifr thibgo/in EGéigy delvénd I ok ex@ipie,
effective paranmeter to nonitor in controlling the delivery of therapy,

Povier 1 N8 TR QY IANGE RolerRRsaliie QY iR Moniered gen RA! PRy RUBH! e
vol t age adkal Pl &/t f P Bl AeclpRiohRttraRREYS oflREIA! 1 ves of the

af orenenti oned paraneters (e.g., rates o ange) can also be used to

terer adQP238E| AR 76 2 Wlien 2O Livaty Bbthentle i 24 e Pa
event t hadda®), Shsl@arjorithidel 020 comaicy) theegéferd®IreZs &yl grd AP &ldj s iesowéem

Fig. 20, when a caregiver initiates treatment (e. g , via the foot pedal),
t he al g@UtPHin{oL@2firebRuendeyeleP uéndrad ovattsd Quer it diaime rafjasst (&8 doner
out put t ' | e - S 1 | i rj od
o Ple. gRPnbL e bfer YitBasc autifiging st iiePhoifls Boncrafl ihelE REH
gener al Irgsulit,nhar gerferatorr 26 indreasde itg poavert autpdb at acges=rally icoastanvneateoot put
at a general I,% constant rate of P-i/t-i. Alternatiyvel t he power |ncrease

can be rfon iMNEERatveYy. thee DOVREnINCERaSs CAAr Q%o'i‘%“)i”%’%/iﬁe@wv& parertial R of

i ncr eas Pi.: i i a i bh d AP U | a

o 11 P Argo) Wit JarbR A6 B Hlorche. NI, BB, Bt ladtiefba Y

At t2 palgorithen cart hebisadP byntl gpnedetireert: fordh precetenemned eegiod df tineg t)— to P2

over a p(r edet.er m nﬁgbp%i od of tine ' pqwer
a

t3 - t2 .g., 1. ond). Th
Camp 1 n (Bitaa s 9 Dpler 45 Greransed bY A edeiammiceR: PREhem 6.

TeXi mum DRt PABYer & pREUENA o8 DS RIEoIHEY 1, COndld,on deoRal hisasbwén one

enbodi nent, P s 8 watts. In another enbodi me is 10 watts.

[ 00239] ragdins predsserminkd intonéntarmf1a@outnt valesanmentione ngte ér m@xmum

Cper At e B! B 8ol SR BRI G SRRy B8 Bprderle, ™

al gori t Ipy, 132 8 watts. In another embodiment Pyax is 10 watts.
[00239] As discussed, the algorithm 102 includes monitoring certain operating
parameters (e.g., temperature, time, impedance, power, etc.). The operating
parameters can be monitored continuously or periodically. The algorithm 102
checks the monitored parameters against predetermined parameter profiles to
determine whether the parameters individually or in combination fall within the
ranges set by the predetermined parameter profiles. If the monitored parameters fall
within the ranges set by the predetermined parameter profiles, then treatment can
continue at the commanded power output. If monitored parameters fall outside the
ranges set by the predetermined parameter profiles, the algorithm 102 adjusts the
commanded power output accordingly. For example, if a target temperature (e.g.,
65 degrees C) is achieved, then power delivery is kept constant until the total
treatment time (e.g., 120 seconds) has expired. If a first power threshold (e.g., 70
degrees C) is achieved or exceeded, then power is reduced in predetermined
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checks the nonitored paraneters agai nst predeterm ned paraneter profiles to
determ ne whether the paraneters individually or in conbination fall within
t he rangewogeto/og17she predet ermi ned paraneter profil es. PC/ush@9nosss or ed
paranmeters fall within the ranges set by the predeterm ned paraneter
profiles, then treatnent can continue at the commanded power output. If

noni t or Gdcr@ﬁﬂ@ﬂ"@f(égs d.8lWates 1150 S@attshetd. pogEsa Eeﬁ%etbt\en’ﬁd&aWréq@b@lﬁl@Vé@d If
parameter profiles, the al ?orlthm 102 adj usts the conmanded power output

accor di rySeCome powesrhreshold (a.gt. a%@tegtr%eﬁ)&)aﬁ@céne(\@dgor egse%yi dbere)y i s
achi e el R Sad8leE oo o theff BRI alBE) lcahe gk Abolde RN

ti ase ire |rs OVEr (eg

degr ees dyktdrs cmfbeaeqdlppedemtreeaimbs aulndiblepanvee visual alecmeed alert meadpe@tasn ned
57856- 8021 W00/ LEGALl 7467783 1 -64-increments (e.g., 0.5 watts, 1.0
watts, eqcce)"tauhgq)rp IHORSyr get tenperature is achieved. If a second power
threshol d ., 85 degrees C) is achieved or exceeded, thereby indicating

an unded0p 60]9 cdiei fallowing ireh pweKhalstivediiss of evamis wuader ehieldl algaréhey st em

oper at or 05 Pagsh ki BB BB e kle o BBkl Rl AR hawst i ve
Lo ot o o1 ot b "V cObARE B U SRSt SMbShum smaeere
tenperature exceﬂ%sﬁolﬂ% EbOEMLHEHMES tb RbBENSS degfedd ¢.)about 70 degrees
to about 85 degrees C). guThe average tenperature derived fromthe

Teasur ed Lenperaysy e expecs, VP CTaRBIAIRC BEHIS ! HERNARG (fedsurctboLt

65 degrees O). The rate o ange neasur ed tenperature exceeds a
rate of change thenapbrﬂtdre éXgeclsean avpeage teneperatieednersholgp ée.ggdhbmut ttdre i s
bel ow a m ni num te er aéﬁre change threshold while the generator 26 has
non-zer o out put. tact between the thermal heating el enent 24 and

the arterial wall can cause such a condition. (5) A neasured inpedance
exceeds an i npedddke t hFhssiie @f ceagge okte @eﬁﬁureﬁrteﬁma aRenexceeds a sate

measured | rrpedan%?cﬁéﬁgggﬁegh&gl_ ative threshold (e.g.,

(4) The temperature rise over a period of time is below a minimum
temperature change threshold while the generator 26 has non-zero
output. Poor contact between the thermal heating element 24 and the

arterial wall can cause such a condition.

(5) A measured impedance exceeds an impedance threshold (e.g.,
<20 Ohms, or >500 Ohms).

(6) A measured impedance exceeds a relative threshold (e.g.,
impedance decreases from a starting or baseline value and then rises
above this baseline value).

V. Prepackaged Kit for Distribution, Transport and Sale of the Disclosed
Apparatuses and Systems

[00241] As shown in Fig. 21, one or more components of the system 10 shown in
Fig. 5 can be packaged together for convenient delivery to and use by the
customer/clinical operator.  Components suitable for packaging include, the
treatment device 12, the cable 28 for connecting the treatment device 12 to the

generator 26, the neutral or dispersive electrode 38, and one or more guide
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| npedance decreases froma starting or baseline value and then rises above
this baseline value). V. Prepackaged Kit for Distribution, Transport and
Sal e of twe DimoBosed Apparatuses and Systens [ 00241] APCThusannionosss g. 2 1,
one or nore conponents of the system 10 shown in Fig. 5 can be packaged

t oget her for convenient delivery to and use by the custoner/clinical

oper at orcatié&taRN0L M Y. Salréradl Riide atpRed 002 Ié DBl dafealsd bR ihfphtanhigigd ce
12, the cable 28 for connecting the treatnment device 12 to the generator

26, the trRaimeat davies §|é’ef5§¢h/éhéi oeth seEmenis Breneadagdedr @g@m%re Each
57856- 8 L 1 67783 - 65- 6at 4 ) I '
cat het e?{o}n%% E@A}{;arr}]g\é s%ébg\;vpn%zegrﬁgt E‘)gtclﬁé lgat ﬁ{g‘?t ggg}@%ﬁf%ervel%ggﬁ“%z

such t hadtediittationpop thee bdmpanenizatikgde et derticdted. stedidedccompartmenteawithav e
its own sterile packaging (for conponents requiring sterilization) or_ the

conponerth apariagngie ditsiidnay &H5e indede SigRPyRsR NSUcHPRS fefeURe 1126
packagi fat BRI tneBifedhSIOIcRRIcAT Brod R 1B P Bk HAd Rrfcbnd'%6r 126
t pro an

t hat provides e operator technica uct feature perating

I nstructusimg thersystinmgl @ hadstyesdterant Cdeuick t12e dncleaing del nethdd@s of nicsertiomg al |
net hods of. i nsertion, .deljver | acenent .and use of fhe treatnent device
di scl os&fliNeNaPlacepmentgndyse &é@gﬁfﬁq‘?@?n# S?V'Fﬁp? ' '€[€'"Fr eat ment Devi ces

and Associ ated Systens and Methods [00242] Wth reference to Fig. 23, _

anot her | | usisadie vVAsSahaibdERE BtralAscliandirea@sefTDeyick80 Al A¥SEEEIEHD i S

descri bed. Wslrétéf% IMNdegResendbl'y 200 positioned external to the patient,
h

the caregive e handl e assenbly to translate the distal end

i h WA T : ' I . Th
caregr vaPogazt [T R PERGoS Pl 20, SRS e R G A B ep B e
def | ect ddsenidhe206lofrsyatanmd Ocik efesctib@d. &Widuthe handiet @sseech!p2€0f pasitioreedz one

34. 0024 T ) | t 230 handl
2ssenbl 405, B TpbaUert B taisaner Cande ey e o AsasRR s Rarengale
Rot at i OrtthdiétEFer% o8giBheth shie e|6ﬁ%3\fl@%ﬁdfﬁ16 Wigfirmesd ?%%efch%‘r'éﬁalzé? 34 is

deflected wthin the"respective rehal artery rotates t t her mal heati ng

el ement The satdgivertdae thespeseraiceactoatdr 260 ef the mandle@ssembhs 20 to defledl eve
tact with th | | | d, det ' her th i N t :
por curle et se5RE et 2RpS GBI E SR 0 ot on ™

[00243] The caregiver also can operate rotator 230 on the handle assembly 200

to apply a rotational force along the elongated shaft 16. Rotation of the elongated
shaft 16 when the intermediate flexure zone 34 is deflected within the respective
renal artery rotates the thermal heating element 24 within the respective renal artery,
making it easier to achieve contact with the vessel wall and determine whether there
is wall contact, particularly in planes where there is poor angiographic visualization.
Rotation may be combined with translation of the thermal heating element 24 for
repositioning of the thermal heating element at a different radial and longitudinal
position within the respective renal artery for delivery of energy at multiple locations
within the renal artery.

[00244] As seen in the exploded view of Fig. 24, handle assembly 200 may
comprise proximal strain relief 202, distal strain relief 204, inner limiter ring 210,
outer limiter ring 220, rotator 230, housing assembly 240 having upper housing 242
and lower housing 244, actuator 260 and carrier 280, as well as optional O-ring 275.
The upper and lower housing comprise one or more mating features 246 that join

together (e.g., via friction locked male and female mating features and/or via
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Rot ati on may be conbined with translation of the thermal heating el enent 24
for repositioning of the thernmal heating elenent at a different radial and
| ongi t udiwel2opagst7ison within the respective renal arterycCrars2eelosases y of
energy at nmultiple locations within the renal artery. [00244] As seen in

t he expl oded view of Fig. 24, handle assenbly 200 may conprise proxi nal

strain riHegivesPio fdiratine BandieMewingfasdBrbly 2aer Thal d&uatorN®-And Gngout er
limter ring 220, rotator 230, housing assenbly 240 havi ng upper housi ng

242 and GasueT angokesitiRn et hetwaan ieodPREMQUFNG 2F 2 ia8d loBer NRysRg 244l the
opti Onalas?eHB?@d éi@fiqﬁgﬁom%%é‘ﬁg a%ggﬁ%gh%@_l ng conpri se one or nore
at | ogetner . 0.,

mati ng features oln via friction | ocked nal e and

femal e Lng features and/or via b7856-8021 0/ LEGAL1 7467783 .1

|56 aandiped) ' T A BES RS RLmirS GBI Bl nehe SRR S RN atpy the

O ring andusdr R66rarRl eaRRs Zg0oadchaitRest WiirlBRERoISING ia3gerbR, and ih auwer

housing 244 in the assenbl ed confi ggrat I on of housi n%@assenbl y 240. [00245]
[

As descrmaenrer thatoifacilidatesi Icopklinatedi anguler aotaiian el entrciaten iepd tinear

20" n TARRER oR e PRkt VAP s ERHIRET B s bl Ml Bl eE RIS ¥
act uat ortr@fatlonnedicatrieaN3E@t viancarkgivee prexifiatrotatidnads acless 6@ dcausg®r e
detail bel ow proximal |inear translation of carrier 280, via caregiver

pr oxi mald&leCHRN &% toermalihnatien element 2dsaroyeniesmeditie diextreraae Heatk theg

el enent . r ' I e e 34 ; | | 5N ' 20
o “the &TSabRY dof AE Y e, SloRuHEhRC167 OrotR, BLTAg 3780 bR

act uat orbe2@w@enrtde tdotudtom60 emaisinegiod44 homsingp244/i ey toaovide ¢attie dbedtback

resi stance to the caregiver durj rr]i%gSUCh car e!(\g/i ver rotation of the actuator,

and/ or rRIyEREHNCE 1P HieeCRBOLYEr SUINA HCHXGaraeVer Fefatipe Of R ACHUAOr. (256
After asq méfnt%ﬁn fH%ea?PH@rWP%?g??té%@eﬁoéiﬁdﬂ.ter ring 2 10 is

posi tioned concentrically ove portion of the housing assenbly

i ter 1PPRBSE 1S phsterlBoen, i MBSkl A, R e ek, PfS200 e~

out er | ipyditoned dtghcdafricalty @venaldistar gortion &f itied ha0ging Sis8éimble240,aha quterxi mal
portion of the housing assenbly 240, while distal strain relief 204 is
af fi xed linytef ringk L8P 'Ecﬁqsi'tb"rﬁ‘egf Cantenirially avep3be imRergwader faa 319, mhdethget ai |

rot at or BRCRR PosiBhed coblriall ovhl e SR Irhfer o 207 PrtiRl sl
rot at i omrebéf 2021y affixédstbad proximal portion of the housing assembly 240, while distal
strain relief 204 is affixed to a distal portion of the rotator 230. As described in more
detail below, the inner limiter ring 210, the outer limiter ring 220 and the rotator 230
act in concert with the housing assembly 240 to facilitate rotation of elongated shaft
16 without rotation of the handle assembly 200, as well as to limit rotation of the

elongated shaft.

[00247] Treatment device 12 comprises control wire 40 that extends the length of
elongated shaft 16 (e.g., along the length or within a lumen of the elongated shaft)
from the handle assembly 200 of proximal end region 18 to the intermediate flexure
zone 34 of the distal end region 20. The control wire terminates distally in the distal
end region 20 and, as seen in Fig. 25, may terminate proximally at carrier 280 of the
handle assembly 200. The control wire may be attached to the carrier 80 by simply
being wrapped around one or more cleats on the carrier and/or attachment via
adhesive or solder. Proximal translation of the carrier 280 relative to housing

assembly 240 (and thereby relative to the elongated shaft 16) proximally retracts the
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16 without rotation of the handl e assenbly 200, as well as to limt
rotation of the elongated shaft. [00247] Treatnent device 12 conprises
control wwopeodd78ttat extends the | ength of el ongated shatCu/ukeomeep34 al ong
the length or within a lumen of the elongated shaft) fromthe handle
assenbly 200 of proximal end region 18 to the internedi ate fl exure zone 34

of the diowtrdl weredrgl#Bieotd h@. eldhgatearnstzm 16 Wﬁlchaﬁfpafﬁt%t@@eddmbaﬂnb]s’ndrﬁ dnhe
distal end region 20 and, as seen in Fig. may term nate proximally at

carri er thgdnigrMmeniate deyve é@%%l%ltﬁaQGQUS%@%@Fﬂrmﬂd'QﬁerféeWéQ Zgaedothgsided t o
the car idegedi0 hy-slanby, RSN ARRED ALAUALANTAHIR! & CIBRL Tahlaldte

carrier And7or Aftac ve or S0 oxmn transtat fon of
t he car rpositioddty rofl taki thermal heathgelaseeatiddy ir?40désiret tdeatiebyrelativat tove to

t he el on ated shaft 16) proximally retracts the 57856-8021 W00/ LEGAL1
7467783 8SP@GVETRNALRMGr e rel ative to the el ongated shaft 16, which
inparts a bending nonent on the internediate flexure zone 34 that causes

t he i nt dPR248kt e By eotatieg Abecactdatoe P praxémaly.t thee catagivert may proxtnallydi nal

heat i ng SR TEZ e L et btk PERSPUIALETERT 210 1 e B oMt ™
artery. reffaedthe Eontraitvaite 40 rTehaﬂlv@Cthtthéloﬁ@@teﬁrSthmN bheréusged@ﬂé@tmgvme may
translate the carrier 280 relative to the housing assenbly 240

[ 1
P O GoriniesBmle JaKYAE T8 2607 IO BEHAT redan20 0 ACKIAToT 260 campres an
el on9at cthesliaf bodf 2ebiteliYa HRII2BY, B9 idIFad BIEHTBRBIA £ BEHcheUELR O

t he di st endre corrprl ses an actuator
havi ng easupiacet oRGAe astuakdrl treet facesnu@bér thoasings 24asiahd ooadieon28henstivef ace
of the actuat ?r t ha faces upper housing 242 and carrier 280 in the

assenbl éfsgm{??%G?'& JWAtoN.00249] Actuator 260 al so has as an actuat or

button 270 that is coupled to the actuator body via an actuator button arm

253 Thd 08249kt oAciuAtoDR6Arals@ TR §naactuatoebuitonr24Q ket ipceuptessto the
sco. roahed G0 SO pERELAROE R P2 PUE AR T s o™

act uat ora hevéromrmar that 7 graviddsa cidditiontae tb | dmeme ghidnddal oad vaidaged giurdig C
handl ing of the button by a caregiver. actuator button 270 initially is

posi t i orfEtRtion @f teraivaton268; stae %gatqrdwttloé‘l 2£Q eetierallyohas Adaraes aviel
240. The ﬁﬁrtﬁga%f&ﬁ?@ybal@tgua? C%?&)'to Gacilla0 tHEHIE YhaRPuldiRnPHhd WgsHEmie

pr oxi mal y ro
handling of the button by a caregiver. The actuator button 270 initially is positioned

in a forward or distal position relative to housing assembly 240. The caregiver may
pull back (i.e. proximally) on the button 270 to proximally rotate the actuator 260
relative to the housing assembly and deflect the intermediate flexure zone 34 of the
distal end region 20. The range of distances separating the actuator button 270
from the rotator 230 during caregiver manipulation of the handle assembly 200 is
specified in a manner that facilitates single-handed ergonomic use of the handle
assembly 200, even when the actuator button 270 is positioned in its proximal-most
or distal-most position relative to the housing assembly 240.

[00250] Upon mating of the upper housing 242 and the lower housing 244 to
form the housing assembly 240, actuator button arm 272 of the actuator 260 is
seated within the actuator channel 250 formed through the mating of the upper and
lower housings (see Fig. 23). Actuator channel 250 provides the caregiver with
access to the actuator button 270 from outside the housing assembly 240, allowing

the caregiver to rotate the actuator 260 relative to the housing assembly via the
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relative to the housing assenbly and deflect the internediate fl exure zone
34 of the distal end region 20. The range of distances separating the

act uat or wWot20m72i78 fromthe rotator 230 during caregi vecTnseéopubess on of
t he handl e assenbly 200 is specified in a manner that facilitates

si ngl e- handed ergonom c use of the handl e assenbly 200, even when the

act uat oradadtbPNbATsh 1 WhiRpsSthel @BRAtOM b'on? Roaxigredispireid QvitHih sthel HRsing
position relative to the housing assenbly 240. [00250] Upon nmating of the
upper hasseAtPlv4LRar 280 Ble? nesilioned willaintther puaind @shenslyh ghassemnen v

240, act, | e .4 hi

ot uat orerasinatth B Aol st ShanB iR aslptd BRI fan Rl tolglr
housi ngof(theeadtugtor 23tp. tréadlaidroof thacaaier28ttivedwi theshdusing asegmbyr, amidt h
access to the actuator button 270 from outside the housi ngaasserrbly 240,

al | owi ngherdydEnsating ok theconipbwirgd i@ativede theglengaied v8att d6t he housi ng
assenbly via the 57856-8021 WO00/LEGAL1 7467783 1 -68-actuator button while
t he act U808b1body\s28oWR iniFigsodédng 2Hi thetaasrien2@0 agmpsisesiirst.andagsegand 280

the act (BB BRTE A2 6 A BTGRP R sk BB BN Be e
act uat orchanhelst 2&2al ahdoR50b, traspéeivelyer of ehat lovert Rotigiag hR4si 60 Hesiskigd! v,

and thereby translation of the control wire 40 relative to the el ongated
shaft 1esseitp240. AsTR@ R@TiEh NaEsga. cam paat 286 thad isappsiipne@ovittinptieses
first a 'ngmﬂ%}f ; N JENa]
first an t@%@ﬁ%%a{ﬁg?gh udi na %c%gﬁ%@?@da@%g}ng%%ﬁ'@%@p@cﬁ?gté}f r#@%tnt he
| ower hquosition 24katioé tooudlse nigowdsisg nidsen221Q. 23Die thoair carder Hacam pash 266t is286
that is positioned within the actuator's, cam 266. \en thg actuator button
270 is Hanededt Ph Neas af KYeonpHtagsoel HHACHAIRRS FamM 406 he oM
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r ot at i orhaafsinghessarhblat otaten 0btheZ0tuptan@Gthtayseaseihat carget  caimepdsi Zonip

assenbl rotation of the actuataqr, 260, causes t carrier's cam post 286 to
et oot INer Plperid SEtacR o thdh AR G 8o b66. [00a52] AS L he

carrier's cam post 286 traverses the actuator's cam 266 frominferior to
superi or[08292hg #fetheacagisrsr camr Beg: 28/ EIVersRs Hiq @tusHomRCeBh 2860TPfom a

o 0P F Vhefol B L Bk PR o SR BRI 290 e o

bet ween moee distalapasitien (as in Fig. 26A) to a more proximal position (as in Fig. 26C)
relative to the housing assembly 240, the increased distance between the actuator’s
pivot 264 and the actuator’'s cam 266 from inferior to superior causes the actuator’'s
cam 266 to apply a force to the carrier’s cam post 286 positioned therein. This force
increases the distance between the actuator’'s pivot 264 and the carrier's cam post
286. Since rotation of the carrier 280 relative to the housing assembly 240 is
constrained via interaction of the carrier’s first and second housing posts 282a and
282b with the lower housing’s first and second longitudinal channels 252a and 252D,
the force applied to the carrier's cam post 286 by the actuator’s cam 266 during
proximal rotation of the actuator 260 relative to the housing assembly 240 translates
the carrier proximally relative to the longitudinal axis of the housing assembly. This
deflects the intermediate flexure zone 34 of distal end region 20 via tension applied

by the carrier to control wire 40.

[00253] Conversely, as the carrier's cam post 286 traverses the actuator’'s cam

266 from superior to inferior during rotation of the actuator button 270 from a distal
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pi vot 264 and the actuator's cam 266 frominferior to superior causes the
actuator's cam 266 to apply a force to the carrier's cam post 286

posi ti onewotzhmwEBY’S This force increases the distance beCRasaomlnes334
actuator's pivot 264 and the carrier's cam post 286. Since rotation of the
carrier 280 relative to the housing assenbly 240 is constrained via

i nt er actgaation td Hrexintdl Postiohl fefitivend BeamdintpussaabRo4® tRE ecasubedB2b

with the | ower housing's first and second | ongitudi nal channels 252a and
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266 durl Xl i t t 60 | ng
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axis of ptdwudnwdsuhegeuassﬂﬂblfgrcerjle@*edeést ¢rod glistdnece béﬁvemdih@t actma&xlsr@vatone
34 of distal end I‘E%I on 20 via tension a the carrier to control

lied b
wire 40 26408nEane EAMASSSEN Post 2Rnahls PeFIigned ithSS iNeaeURIOL SeraB 266he
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di st ance "between the actuator's pivot and the carrier's cam post
that is qussta acmewrwgtﬂ@rcre ahelled:tt@émebucas"lerabm trecdeiterted amterraeé@te Iﬂexur@r r| er

280 di stal | |ve a udi nal ,axis of t hous ssenb 240.
suoh o gene'# G ooy e, s baier 8itin Bost 36 AN Aty A RER I ke
al  ows tdrguateF §rd5ﬁd pBbehal @VES tHE®REN3Host2 88 fr@rrg&n;%ndﬂt@ inferBY dithef the
tension applied by the carrier to control wire 40. Alternatively, as the

carri er aqteioracam 266 eadirptates #e aciuator bulioneyadisiadyf or ce applied to the
carrier by the deflected internediate flexure zone 34 via the control wre
40), thd00254] er "Thecgeomeby cﬂ&&nmﬁ%acpmlqnaﬂyfma;c@etmnrtfilgeread:tma‘[tera@ wgm 266

t hat th t 286 f thin th tor'
cam 266 G P05} 2BBeh ARReG e PRUREB e AR SSIANGE (6 Ui GATONRS Ghetet 1y

of cam Zf@tfpt bohal dctuaBy 286. CPcEFéﬂHﬁﬁl@ P&létﬁhéé%éy McrEade? B RS bckBfor N a
manner that provides variable resistance to the car'egi ver during rotation

of the dstratated nxge. prpbtm@byanﬁt &he fengi §uafm¢@crﬁa§ed mslstageea@ay Iservecasia@ or
sorve ad A B MERLERS fafnetbontnt iblon Bk pOEaRETRR EroThENERe IR o
rel ati veagsenighg housi ng
[00255] The actuator 260 optionally may comprise male O-ring attachment
profile 274 on the surface of the actuator that faces lower housing 244 in the
assembled configuration (see Fig. 27). Profile 274 preferably is concentric with the
actuator’s pivot 264. The male O-ring attachment profile may have a maximum
outer cross-sectional dimension that is just slightly less than the inner diameter of
the O-ring 275. The male attachment profile optionally may be slightly non-circular
or pointed, e.g., about the ribs of the profile 274.

[00256] Likewise, lower housing 244 optionally may comprise optional female O-
ring attachment profile 249 (shown in Fig. 24). The female O-ring attachment profile
may have a maximum inner cross-sectional dimension that is just slightly larger than
the outer diameter of the O-ring 275. The female attachment profile 249 optionally
may be slightly non-circular or pointed, as well, e.g., may have a profile similar to

that of the actuator’'s male attachment profile 274.
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assenbly. [00255] The actuator 260 optionally may conprise male Oring
attachnment profile 274 on the surface of the actuator that faces | ower
housi ng 240 20r/7BESassenbl ed configuration (see Fig. 27PCTRISe§00I069337 4
preferably is concentric with the actuator's pivot 264. The male O ring
attachnment profile may have a maxi num outer cross-sectional dinension that

is just [abRsP |y Umssnidiag dhene Obgér dbasmyer4 DlandheQonidthd ng Dae wl e

attachnment profile optionally e sli ght |y non-circular or polnted,
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856- 8021
\S/\;&TOI igé&ﬁafhg?& 7h§cﬁfh@s_ %Ier%é%/nsar%‘;wn@ér{tﬁﬁg@g ef:ﬁ’ut)Hpe:réhi‘T s?%grﬁZ and

t he | owamnstressedgt2d 4uting fsbippindandstragg. asserrbly 240, Oring 275 is
positioned within the female O ring attachnent profile 249 of the | ower

housi ng [8d258Nd Asethd BetuaBdrebGidn Pgoaist @tdteaniomr #frbee diéfalgboditivh &stauat or
260. Wth the actuator FOSI tioned distally relative to the housing

assenbl ynokenhdravimali pesiian withie dhel eelvatas @hanm@ aﬁpacthﬁeﬁ@tl@t@fﬁ |regle

prefera o} tr | S at e
during gl?éggﬁﬁegnqa&@(ﬁs g@gé&“ﬁol?%ggf @%eﬁ)& dag&tna or n%\ﬁ%[ bﬁ%‘?g%l ggpg at ed
from a nataehehetit Profilei49. oThismay cRUSe phoagerabnposihel Onring 276 betvif@eratrteuat or
channel 250, the actuator's male attachment profile 274 is_no_l|onge

concent EEBUYPYhPRIREE] SREHONL08itRG actHaleap eMate agﬁﬁ%mzenbﬂomf"eeﬂz%@ndmes may
cause eNEREPHBILING's flifalOital Hm%%ﬁghgp%@ﬁ&%m B-Ahg LAY qBRGA! fftreRes ons

of the actuator mal e a nment housi ng’s
femal e eftlcmmhnmlmrbhpnay|ﬂreV|ﬁé§tac1Sacl’eedback1ga ¢ingy xgesgpver amd/oeasas pfovide ieon,

whi ch | f eedback d
S eIk Sd e Einasratly e G it e lataal BoSEPBiR e 5eiEersa ke
act uat oringfby(PRdrAdiesiRbiel LBSiHohasTShatdatfel 2893l 78 Gipiidhui0) Alafa0 and

the control wire 40) relative to the housing assenbly
to the housing assembly 240.

[00259] As the actuator button 270 is rotated proximally within the actuator
channel 250, thereby proximally translating the carrier 280 and deflecting the
intermediate flexure zone 34 of the distal end region 20 via the control wire 40, the
intermediate flexure zone 34 may convey a restoring moment to the actuator 260
through the control wire and the carrier. The restoring moment may seek to reverse
deflection of the intermediate flexure zone and rotate the actuator button 270 back
to a more distal position within the actuator channel 250. The increased friction
provided by engagement of the O-ring 275 may counteract the intermediate flexure
zone's restoring moment to temporarily maintaining deflection of the intermediate
flexure zone 34. Alternative friction and locking mechanisms known in the art may

be provided.

[00260] As discussed previously, cable 28 of system 10 is operatively attached
to the handle assembly 200 and electrically connects the thermal heating element
24 at the distal end region 18 of the elongated shaft 16 to the generator 26. As seen
in Fig. 25, cable 28 passes through a proximal lumen of the handle assembly 200
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[ 00259] As the actuator button 270 is rotated proximally within the
actuator channel 250, thereby proximally translating the carrier 280 and
def | ect i nyozhw/i7st7ér nedi at e fl exure zone 34 of the di stacTarsdomwsgi3eon 20 via
the control wire 40, the internediate fl exure zone 34 nay convey a
restoring nonent to the actuator 260 through the control wire and the

carrier .forrhed rtﬁﬁiuyhl PEOXIAEE BiraifBieli@e 02t and QM@rrﬁﬁJsﬁi@‘ besdmbly 240tik® the
internmedi ate fl exure zone and rotate the actuator button 270 back to a nore
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seen in |I¥1p@dal6e, preesbere2 ®ppasls élew, itheogtal arpotber sehsdrajiocated proxirhatedioe
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di tl d to th I ] d/ t hat t
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[00262] In the embodiment of Figs. 25, housing assembly 240 comprises one or
more tortuous path features 245 through which cable 28 is routed prior to its
termination at circuit board 290. Features 245 may provide sufficient friction to
mount cable 28 within the housing assembly 240 without requiring secondary fixation
of the cable to the housing, e.g., via adhesives, though it should be understood that
secondary fixation alternatively may be provided. Furthermore, other mechanical
locks, such as a clip or sleeve that is crimped or otherwise affixed to the cable and is
positioned within the housing assembly 240 in a manner that precludes removal of
the clip/sleeve from the housing assembly, also may be provided. Circuit board 290
also may be friction fit within the housing assembly and/or may be attached to the

housing assembly via secondary fixation, such as adhesives.

[00263] Supply wire(s) 29 extend distally from circuit board 290. Along with
control wire 40, the supply wire(s) 29 pass through a distal lumen of the handle

assembly 200 formed through housing assembly 240, rotator 230 and distal strain
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treatment energy delivered via generator 26 and/or signal transmtted by
the supply wire(s) froma distally-located sensor. [00262] In the

enbodi mrerwoabh10Ri7gEs 25, housi ng assenbly 240 conprises ®@0E/US2ONIO6E34 Or t UOUS
path features 245 through which cable 28 is routed prior to its term nation
at circuit board 290. Features 245 may provide sufficient friction to nount
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el ongated shaft 16 or through a lunen in the el ongated shaft 16 fromthe
handl e RsserRly 2@@@’%”@53 PF@"’T‘HE‘P%W Resdeviee dRepamiculzaly giyrRn tegigansiPnshaf
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the treatnment deyice 12 within the rena tery after he t hermal he
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cunber sgyyyand awkward for a clinical practitioner to rotate the entire
handl e assgnbly 200 at the proxi mal end of the device 12, particularly

R g e B R B 0
rotate atheutousﬁr&g laesgrinblydp4@| S@NIﬂ%am ifependenatatatiomiof tthe diemgited asieginbl y
200 (i.e., without rotation of the housing assenbly 240). [00265] Since

control TRlatueio Hiel NOuSING, 38peEbY) mighty i erdne ywires o hicorns gnifichEY
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interactions of the housing assembly 240, the rotator 230, the outer limiter ring 220
and the inner limiter ring 210 are described in more detail. These interactions
facilitate independent rotation of the elongated shaft 16 relative to the handle
assembly 200, while providing a rotation limiting element that limits such
independent rotation, thereby reducing a risk of control and/or supply wire
entanglement or breakage.

[00266] As discussed previously, the inner limiter ring 210 is positioned
concentrically over a distal portion of the housing assembly 240, the outer limiter ring
220 is positioned concentrically over the inner limiter ring 210, and the rotator 230 is
positioned concentrically over the outer limiter ring 220. The distal portion of the
housing assembly 240 comprises cylindrical segment 254 about which the inner
limiter ring 210 is concentrically positioned. The cylindrical segment is of reduced
diameter relative to surface 241 of the housing assembly 240 just proximal of the
cylindrical segment 254, such that proximal surfaces of the inner limiter ring 210, the

outer limiter ring 220 and the rotator 230 abut surface 241 of the housing assembly
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relative to the housing assenbly m ght cause the wires to becone
significantly tw sted about one another and/or to break. Wth reference now
to Figs. wBand7895 i nteractions of the housi ng assenbl PC2AB2000/069380t at or
230, the outer limter ring 220 and the inner limter ring 2 10 are
described in nore detail. These interactions facilitate independent

rotatiopqy. Mnesel sbigmiepts sl toddirdigprbxivtal tttarshfionagdire meemintiter 2019,
while providing a rotation |limting elenment that limts such independent

rot ati ord1Q #ee evlerligdigeiring 220 ardiopthecroitates P38 relebye s e houwsing assembly
ent angl t or breakage. [00266] As discussed previously, the inner
limter Ting 2 10 is positioned concentrically over a distal portion of the
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ring 220 and the rotator 230 abut surface 241 of the housi ng assenbly
57856- 8uch\ipebiheseisier limiter 789 ray 7gtata gongerisicalbhabaehine iRBGT tHHSE Figdn
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segnment. Likew se, an inner dianmeter of the cylindrical portion of the
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Fi nal | y,comstramigy IsHgteirel teihsmatiphai thel rotater eslatife tdiéhd dbating @3enitsly] ust
slightly greater than an outernost dianeter of the outer limter ring 220

at out erViggls SoANCG RN 1Q g rotaior dhardeneripdr Falt d6clirvese Mewsy el the
060 acs TG 01Mq h002ASL dhecispmmuil 6, SARLLBBIID Ao lande, PR
housi ng 2P ewbiily t2xt3)atidm bfthe handle assembly also translates the elongated shaft.
The distal portion of the housing assembly 240 comprises housing shaft 256
(located distally and of reduced cross-section relative to the housing assembly’s
cylindrical segment 254) having lumen 257. Rotator 230 comprises rotator shaft 232
having lumen 233 and configured for positioning within the lumen 257 of the housing
shaft 256 when the rotator 230 is attached to the housing assembly 240 to facilitate
independent rotation of the rotator relative to the housing assembly.

[00269] Rotator 230 optionally may comprise one or more rotator elements 234
that engage or rub against cylindrical segment 254 of housing assembly 240 to
provide tactile feedback to the caregiver during rotation of the rotator relative to the
housing assembly 240. All or a portion of the cylindrical segment 254 optionally may
comprise a surface pattern or engagement features 255 that interact with the rotator
elements 234 to provide such tactile feedback. For example, the surface pattern
255 may comprise alternating segments where the radius of cylindrical segment 254

is slightly increased then decreased. As the caregiver rotates the rotator 230,
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constraining |longitudinal translation of the rotator relative to the

housi ng assenbly. Via its connection to the rotator, the elongated shaft 16
| i kewi se wayolyg7s8osat ed wit hout rotating the handl e assechlus2a0069334 €. ,

Wi thout rotating the housing assenbly 240), while translation of the handle
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Cor{ neo TBEtveI e S0RRerIE dRetetyiTinitind A KERRET Of e Bo i on S BeT hlben
al ter nata i AEGRERS hedfotlt! TRARIRIToARR ABESHGURERIAY J240 RItIVESIRE ees

of relative rotation between the housing assenbl'y 240 and the rotator 230,
t hough gataior ad3Q | addikeimiyclor abiiennatively emayege beonsirawateviat eagggemerl

desi red JEACAR, 935! BhALER S A Byt TR rolhtE: BRIALAE ZLLTRA'SH Githn
reduced diameter cylindrical channel 259 of the housing assembly’s cylindrical
segment 254. The engagement elements 235 may comprise one-way valves that
allow the rotator to be press fit over the housing assembly with the engagement
elements 235 locking into position within the cylindrical channel 259. The
engagement elements 235 facilitate rotation of the rotator relative to the housing
assembly while constraining proximal (and optionally distal) translation of the
housing assembly relative to the rotator.

[00271] Rotation of the elongated shaft 16 relative to the handle assembly 200
may be limited in a variety of ways, e.g., may be limited to a predetermined or
optimal number of rotations of the elongated shatft relative to the handle assembly in
a variety of ways. In the embodiment of Figs. 28 and 29, elongated shaft rotation
limitation is achieved via housing nub 258 disposed on cylindrical segment 254 and
abutting surface 241 of the housing assembly 240, via inner arc tab 214 of inner
limiter ring 210 that extends both radially outward and longitudinally proximal of the
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constrain distal translation of the inner limter ring 2 10 and/or outer
limter ring 220 relative to the rotator 230, thereby |imting distal

t ransl at iwo 20fo/a7BF5housi ng assenbly 240 rel ative to thePCOUSR@/069334
Transl ati on of the housing assenbly 240 relative to the rotator 230
additionally or alternatively may be constrai ned via engagenent el enents

235 t hatcyndeddl gortoof Yhe ﬂqulirﬁife(Drﬂrfé;QTviﬁ outee teerusofZaifteanthitér Hingi220 n
reduced di aneter cylindrical channel 259 of the hou5|g§yassenbly's

cyl i ndr itBal extegae mediahy outmrdeansh ipagitneingly sandsthe3llsngy as wairas eraxiealay
val ves t O tar Fit - th |

W th e Tang RguRdtic1GarmbR s &g BRET bl i ol Ral tgsShY
cylindrithat exteadsehdizi9.inWhel fogageriendr whit g mbiata3330 @t ior incat & paxirhalon of
the rotator relative to the housing assenbly while constraining proxinal
(and opt8hal e raiaderal ) translation of the housing assenbly relative to the
rotator. EOOZ?l] Rotation of the elongated shaft 16 relative to the handle
assenbl 00202ay Asedesariteddini moge datailelbglowt caeggivererogatiomeal theerataior iz to a

pr edet er 1j_h: r ' n fo 0 | 0 on t

rel ati verglag'%gh@ W%ﬁh{)gaé s%g% yblfrgd'g bﬁaM g?@seoﬁh%\g@g%rlsngﬁhgoqet%ggtf& ﬂ%% of
Figs. 2%aediaiP224) mﬁﬂmge@rtﬁbﬁfrétatieh ajfithe rotadit Alate iostrRCOURY githiteraing
housi ng nub 258 di sposed on cylindri cal ment 254 and abutting surface

241 of t320;HPaY|GRysas¥enpuier 4ab 224 éOiah@retggrian%@rcziab &4 dipdting ifuither

) 5 i adi.al L. . . ' b ibmal  of
[ he 52 st RR VB SR RIE: fRG Bletiye LHE ihdilinitdtitHd 916 0a0d Wndy GISER ©
| i g] tlelr thén'?merv'ga: mc? lérl 4tt@:)a%?14th;e}‘ hOst"l.iBg riu;[blgﬂﬁla,r Iim{tﬂ@ ﬁﬂme}rrratatiemt@mtﬂm I f
| a /- out war n ngl t udl na .al on en S wWwe . as r oxl ne 0
the. oyl [aeh WAIenHRg: TIRIYE OnibeoRpesing iFReeBiDly 2AQ. anthdha/PRY dinfiBed dineTan

(not sh i t I 1Kl i 230

& or neoPNoh T InE TORRIT el e BT S1STHIY, MEFEL8hoq 8y RIS

det ai | wlupled tartegirotator @38t irotatioh ofhther etacsigated 30afteletativeeta the hantieusi ng

assenbly 240 ma tﬁau}f t he. rgt ator's rotator tab to abut outer tab 224,

Iim'tingaslsﬁrribrlﬂéi/S Hp A5HMEEdt he rotator relative to the outer limter ring
may cause the outer tab 224 to abut the inner arc tab 214, lim¢ting

Fur t her OBRZ81 on Abr bEHeSeRt 81 Fid S dn ThPrapSeEINeS senfiauianan; orkand'e Aaer

0, 2P SR G AL 10RBSIIGRES copboRbfahPosBit B b Siepe 20,

assenbl yof 7dusingd asbemblyy240,nodtengniiter ringr220 positioned concentrically about the
inner limiter ring, and rotator 230 positioned concentrically about the outer limiter
ring), inner arc tab 214 of inner limiter ring 210, outer tab 224 of outer limiter ring 220
and the rotator tab of rotator 230 abut surface 241 of housing assembly 240. As
discussed previously, the inner diameter of inner limiter ring 210 is just slightly
greater than the outer diameter of the cylindrical segment 254 of housing assembly
240 about which the inner limiter ring is concentrically positioned, facilitating rotation
of the inner limiter ring relative to the housing assembly. However, when the inner
arc tab 214 that extends longitudinally proximal of the cylindrical portion of the inner
limiter ring 210 is in rotational alignment with housing nub 258 that extends radially
outward from cylindrical surface 254 of the housing assembly 240, the inner arc tab
abuts the housing nub; this abutment constrains further rotation of the inner limiter
ring relative to the housing assembly. Note that housing nub 258 on cylindrical
segment 254 of housing assembly 240 does not extend radially outward to such a
degree that it interacts with outer limiter ring 220 or with rotator 230 (i.e., the housing
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rotation of the rotator relative to the housing assenbly. As the el ongated
shaft 16 is coupled to the rotator 230, rotation of the el ongated shaft

rel ati ve wo 20tve078Ber8dl e assenbly is thus also limted. [ @02ABRODD6I3a6t Seen
in Fig. 29, in the assenbled configuration of handle 200 (i.e., with inner
limter ring 2 10 positioned concentrically about cylindrical surface 254

of housim® asesnbl ¥xtéAl .begoh@rnhé olitdrediamietd) gf2Ae RYBMdricHN pariRaNerhkriheal | Y
about the inner limter ring, and rotator 230 positioned concentrically

about tHENRIEY 21Qiter ring), inner arc tab 2 14 of inner limter ring 2
10, outer tab 224 of outer limter ring 220 and the rotator tab of rotator
230 abut[08274kce Amajsofdiswasedm@r@\éemmme:tm@er ohamrt@oofstbe@ymmixjad)pertgon t he

i nner di ter ,of i s, just slightl rea an the
outer dionBeerur BTand AaPrE bSO it olsiitoPencine fel BRI Sl bou
whi ch t hglihafedl ddrtidr @lf thé MhdrSinsiestoeiy RHoaddout RAsER tededlindrral bthr'tHn'
rotation of the inner Iimter ring relative to the housing assenb

However ,theheutet Hignitenning 4 conaentpically m@snt@ﬁeénd@cnutah@;g trotatioal ol ﬂpﬁ @uteaml of

LPFgﬁﬁLHW%‘g&@WﬁéBAH% 88 T iy GBSV Gyl S iR AREY
cyl i ndrilpatersting az€) Zb4inAér tane tbbuzmgsa@‘e@td?l tha?déhe tdiger aReNeter coft B2
abuts the housing nub; this abutnent constrains further rotation of the

nner | 1GH0GRCA! ITRGITEPAING, Bep eier HoddPResiaembe oURBTIESt ABmatetet e nub
258 on QMrHér“ﬂHt%a w(m)&‘%%‘aé{tthéﬁﬁné’rf ar*&ot‘ép' A Sr%glgﬂ gyg&uﬁttﬁ%é ouPér &éhfefﬂ

radi al | y out war egree tha I nt outer ring
220 or weftthe roglirdrival paftich ofethe duter hmiter rigg 2285680 e MmﬁbtcE{éN_doésflﬁﬂtms 1
-76-nub does not extend bey 51 the outer djaneter of the ¢ %I i ndrj

por t i on iBEra¢Hew|thige Ioit'%tpf i nEhlgqo\)vher[\ db??QHteAé'”Htl%d' Oy i@ 224
previ OU%chh%dd%n%hgﬁuﬁgﬁﬁygﬁ y gregte Fifn gpﬂﬁ]o@féﬂlhﬂ%rQn §¥|%¥'I%é|

limter ring 220 1's | e outer dla
cylindr |pmtlormustlncmtatlbnahellgrnment ththerlnmem@rcztabOZ‘Bﬁaoﬂthe/vrnrteln lintiter ring

cylindri ortio t he ,out er ring i,s concentricall oned,
Faci 1 1 1thdhe dngh SRt iare T erroitphid dr bt ghe cder oo oms Jiffelas
limter 2‘24ngh|s|‘4§1ytﬁfﬂh%rnt ch@trQiH&%ﬂﬁért rdiéﬁé??b?'fhé’%uté?ﬂf?ﬁﬂér'rﬁﬁgt Félat"\)é”'ﬂ) thelO at
inner arc tab 214 is greater than the outer diameter of the cylindrical

porti on ionerliveitérming. |inmiter ring (specifically, the outernost dianeter of
the inner limter ring 2 10 at the inner arc tab 214 is roughly equal to
t he out 00275et éxgadd, ahdiscyssedi preadughprthiednnef dianesteribéa priowinta rregiomg

220; huosf roEator bgg?sr JU%E[ %Iléf%Py groeea er t%an the outermost diameter of the outer limiter
ring 220 at outer tab 224, facilitating rotation of the rotator relative to the outer limiter
ring. The outer diameter of the cylindrical portion of the outer limiter ring 220 is less
than the outermost diameter of the outer limiter ring 230 at outer tab 224. The
innermost diameter of the rotator 230 at its rotator tab is smaller than the outermost
diameter of the outer limiter ring 230 at the outer tab 224, but larger than the outer
diameter of the cylindrical portion of the outer limiter ring 220. Thus, when the
rotator’'s rotator tab is in rotational alignment with the outer limiter ring’s outer tab
224, the rotator tab abuts the outer tab; this abutment constrains further rotation of

the rotator 230 relative to the outer limiter ring 220.

[00276] The abutments of the rotator tab of rotator 230 with outer tab 224 of
outer limiter ring 220, of outer tab 224 with inner arc tab 214 of inner limiter ring 210,
and of inner arc tab 214 with housing nub 258 of cylindrical segment 254 of housing

assembly 240, limit rotation of the rotator 230 relative to the housing assembly 240.
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interact with the rotator 230). Thus, when the outer limter ring s outer
tab 224, which extends longitudinally along and proxinmal of the outer
limter rwogow/wogi7ssndrical portion, is in rotational aliPGgRESAM09M643B4 t he
inner arc tab 214 of the inner limter ring 2 10, the inner limter ring s
I nner arc tab 214 abuts the outer limter ring's outer tab 224; this

abut mentCemiidoataregiver trogftiohod@teofotefort 780 avtaegiveh rdikedtioni r@ﬁatN@' @t thee to
the inner limter ri ngz4(£900275 Agai n, as discussed previ ousl y, the inner

di amet ernasising pResMBh @aéﬁe%ﬂtSrr@tﬁ%iabz% abyt puter tabi 2 llijpg deher han
the out ZE){B?E)H’] gt ﬂfgatrgtrat he rgﬁ}eﬁrdlré o'heFeléfl\{Eg tc?%IQe ac;u[t&“ ﬁ{lteF qmlgzgét;)],g'

facilitating ro atlono at Ve mte

The out ezaudearie¢ euterftabB24ctyl amdrthe Mngpart itam 204, fimitingutiethet iotati@r of theg 220
is less than the outernpst dianmeter of the outer Iimter ring 230 at outer

tab 224.0UrfleliMigeriAgstn Hieusbtalt diection: relafive dp soinger ilruiterong o 0 &G s
Sy o el e itr B AU ABTARA 16 nEDSNGUIY 258 Mirhifihg it o'

outer ta arger than e outer di rreter of the cylindric
porti on thé imrer Ianlttenrlmg m ther givenglir22ton Télatye tdére hbesingtassenibsy Qét)armjr tab
. t he

[ t t tht t te t tab, 224,
ot at or WatKb L AGHENGET dptatap, o M eiBlar B ecoNED FrSRUSUBINE toolst i on
of the rfRfu%’ir%{ ﬁ§§€r(’r)1¥)%} atgiM&e ttﬁeté]Sn@ét%@rsﬁéffn%efs Ebﬂﬁleasz tﬂ@@@tﬁ@dr 356,

abut nents of ator tab of rotator 230 with outer tab 4 of outer
linter rofaign2ifdhe efongated shafh relativevia the mareie aseematy lslhuwalsodmlted imter
ring 210, and of inner arc tab 214 with housing nub 258 of cylindrical
segnent [PO277f hdbe rgates A30btan 2dGte lapprdximately iome flll telvelutiohahos gAZM
relative, to the housjn assenBO%/p 240. 57856- 3021 V\%)I)O/ LEGAL 1 746778? 1

- 77- ContqitReHaN R&eE kP% Ot W the OULRSt I800#2D 8 the Ot ke dinGe 2P on

relativ t t er
[ ab 204 O RirhJE8 ARHETA 85 XK 20 PAKS Bch drdcbRBlatbS e Duth i

rel ati verlrtgozmlmtbuherrolaton mr«iﬂ the ogtémlmitezram@ésomﬂeetasz abalts tthner atout

the inn Gt n rt rot at.i on of ter ring

- the. drbataoBertaer ol 18 208! iEthds RoRtingfe Patelipf o] 1S teraldh 28 i c o0

the i anheagWeﬁ aReétlch ?@taﬁcp,ubomhmeheut@k m@m@m.rggnd |th@‘|rﬁhé}9hrﬁit'ért A8 with

rotation of " the inner limter ri ng in the gl ven direction relative to the

housi ng thes@tby Ui taednoereebyiabi 24 iabytd dine Heusing auboAsSdfoft mdlndolcalt or
Si nce..t he

in the given di ct| nrelative to .th u5|n assenbl.y,

el ongat o Eis 2546 BB BThG FrPly RAR T pEReR T BV ot BFEHRE Y Wrgar e

shaft rebaitov e the ghenhgirsbdtienas Retdllon b tHdHta®rSA the MBppeRite direction can
proceed for an equivalent number of revolutions before rotation is limited in that

opposite direction.

[00278] The degree of rotation of the outer limiter ring 220 relative to the inner
limiter ring 210, and of the inner limiter ring 210 relative to the housing assembly 240
is determined by the arc length of the inner arc tab 214 of the inner limiter ring 210.
In the embodiment of Figs. 28 and 29, the inner arc tab comprises an arc length of
approximately 180°. As such, the outer limiter ring may rotate approximately %2
revolution relative to the inner limiter ring, and the inner limiter ring can rotate
approximately %2 revolution relative to the housing assembly. Thus, rotation of the
rotator 230 (and thereby the elongated shaft 16) relative to the housing assembly
240 is limited to approximately two full revolutions.

[00279]  As will be apparent to those of skill in the art, by varying the arc length of
the inner arc tab 214, the number of full revolutions of the rotator 230 relative to the
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[00277] The rotator 230 can rotate approximately one full revolution in a
given direction before its rotator tab abuts the outer tab 224 of the outer
limter rwogoRA0s817€onti nued rotation of the rotator 230PCH/ush@®yssen
direction rotates the outer limter ring 220 with the rotator until the
outer limter ring's outer tab 224 abuts the inner arc tab 214 of the inner

limter ﬁdd&@]gZaéébmbI?LHétdﬁﬁfa%WVérﬁétﬁd) B0y akbipad dbgidiebeNetnoabAdA0l and Bhe
given direction rotates both the outer limter ri ng and the inner limter
b

ri ng wi tfHll te¥olugeas danuaici lengHe dassefo A360° t weuld1UmBLiwl srotafionsotesiekguhdb 258
o Y11 kel yRHELACE 2Bg8! cbbE DRRSINGBRL A RIBEHAS) Ay ol

rot at or wih dehapmarpastd thodierafcskiloim therarpribhe erdntiear ofarvelytionsneat badottiesr of
revol utions before rotation is limted in that opposite direction. [00278]
The degr&®apfied Qyattiligingadditpnalljmder rings Aef tebsg 220 rel ative to the inner
limter ring 2 10, and of the inner Iimter ring 2 10 relative to the
housi ng [agggeam y A4 0epk sgeneinnfige Rpyratater 430 loptignallyoimaysompiise wisgak ab

e 1 nnddspRFCA Bt nBoy. doP @bl od BadiA SRTRSK BRAp By fmert AR,

the out efistal Bhd eegionn2D BReIdYatéE® sARNI®X| Thtaddredider Mey udd ORUBEINGTdatSr t O
the inner limter ring, and the inner limter_ring can rotate approxi mately

[
14 revol4&Ti hmegitar theeorientatien pbtharmgl gleseen) 24 andes fo maniior die gegtaseof
r ot at or ; ongated shaft 16) relative to the housing
assenbl y%%gﬁgﬁqp%mﬁ?%@%{telaﬁgﬁﬂf oximately two full revolutions. [00279] As
will be apparent to those of skill in the art, by varying the arc |ength of
t he i nnérll.ar Additioredl £ linided UsestodtheDidalbded Appanatusass Mdthode andtSistem® 30
relative to the 57856-8021 W00/ LEGAL1 7467783 1 -78-housi ng assenbly 240
may be \@0R8t] t o Ahyudeshuetd of ele elsdesurecn thisoBpedificatibn3rdlates toeatdeast ons
(an arc length close to 360 would limt full rotations to abgut 1 rotation,

| b
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revol utions nay urt her expan diti ter rings
and t abgnefhod2s8aid Aysteess deseribeédh hErgin 2ay alsd dteous@@Goo ptherniatrayaseular

[ ' I pdi cat 231 that f | b di al | | | d
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thermal el enent 24 and/or to nonitor the degree
and/or electric fields to achieve a neuromodulatory affect by altering nerves

proximate to these other peripheral blood vessels. There are a number of arterial
vessels arising from the aorta which travel alongside a rich collection of nerves to
target organs. Utilizing the arteries to access and modulate these nerves may have
clear therapeutic potential in a number of disease states. Some examples include
the nerves encircling the celiac trunk, superior mesenteric artery, and inferior

mesenteric artery.

[00282] Sympathetic nerves proximate to or encircling the arterial blood vessel
known as the celiac trunk may pass through the celiac ganglion and follow branches
of the celiac trunk to innervate the stomach, small intestine, abdominal blood
vessels, liver, bile ducts, gallbladder, pancreas, adrenal glands, and kidneys.
Modulating these nerves either in whole (or in part via selective modulation) may
enable treatment of conditions including (but not limited to) diabetes, pancreatitis,

obesity, hypertension, obesity related hypertension, hepatitis, hepatorenal
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rotation of the thermal elenent. VII. Additional Cinical Uses of the

Di scl osed Apparatuses, Methods and Systens [00281] Al though nuch of the

di scl osurwoizniottiBEsSpeci fication relates to at | east parCiraishqoodesses vati ng
a kidney of a patient to block afferent and/or efferent neural

comruni cation fromw thin a renal bl ood vessel (e.g., renal artery), the

appar at us@grorfie} P@dﬁficauldeﬁa(sgmﬁc hesthity lpsbrogiseiinitamy 086 Hhdiee@, famid
other intravascular treatments. For exanple, the aforementioned catheter
syst em aHoisuNERE digordeisssush asuehraysdisgpsean be pl aced in ot her peri pheral
bl ood vessels to deliver energy and/or electric fields to achieve a

neur onod00283) y &ymeathetc aketvas prpxireateeto pr excineling the atieda ipbdrvessel

peri pheral bl oo .are a nunber of, art rh}a]el vessel s ar'tesi ng

ves§el S. Ther.e
from t he"Qu¥1t 8SAF JATET IOk VBESEIEHG ATHRY 4NAY ARSE e SHEnQy MESenFTic

ar get

organs. ddnglibaidnd folléwarhREn&Sof Peahfe?iDd ndkent@itibaés tbheservass Hescady, have
clear therapeutic potential in a nunber of disease states. Sone exanpl es

i ncl ude reainhebloddere sexrargangy anteexiernalgenitahi., Madseating thessararees eithen ery,

enci ol 1 g e G bt Bl S8lptuee JPAEhuct RN Bhodie FeAFR i Bkl
t hrough ihbledimg! i(aat grstglinitedand) fal | eotiftyandirdet tbiriseelitimdryt retektiv,
i nnervate the stomach, small intestine, abdom nal blood vessels, liver,

bi | e dudbperagivettladersy iInqeatineress  infedhlbyapolytystia SvaHad SKNEiRs)e. PreBRiuEt i ng
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tit besity, t ensi besi t lated h tension, .. .
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gastric Shésficationatid digcimabd ldpparstuses daemodsrdrid iatemBaaRl alsy bl &\ toand
aut oi mune di sorders such as ron's disease. [00283] Synpathetic nerves

pr oxi mat@eliver eaterentfenm mgthime peripberaiivels edimpeesevegsRlwn as the inferi or
mesenteric artery may pass through the inferior nmesenteric ganglion and

fol | ow Qranc ; J Lor mesenteric artery to innervate the col on,
rectum t\é'?ad ,|f?5néll'lf?eécﬂ ﬁ{;,l, and external genitalia. Mdulating these
nerves gj in le ( i V] I LV | at i e
et ves pbgBSI IR e BT R SR AL Y T Bl ERE
di sorderla, padliddlars, thi§ i tafry regitest tondeligeer gt iachidvirgddatravasuitart iraaace,
infertility, polycystic ovarian syndronme, prenmature.

neuromodulation via thermal effects, such as heating. This term covers references

to apparatus catheters, catheters, and treatment devices in general. In the specific

description, the term catheter is used, but it should be understood that this is merely

a particular example of the apparatuses of the disclosure.

[00286] Generally, the apparatus comprises an elongated shaft. The elongated
shaft is sized and configured to deliver a thermal element to a renal artery via an
intravascular path that includes a femoral artery, an iliac artery, and the abdominal
aorta. As described in more detail above, different sectors of the elongated shaft
serve different mechanical functions when in use. The elongated shaft may be in
the form of a flexible tube.

[00287] The term apparatus includes, but is not necessarily limited to, a catheter.
As will be appreciated by one skilled in the art, a catheter is a solid or tubular
structure that can be inserted into a body cavity, lumen, duct or vessel. A process of

inserting a catheter is catheterisation. The catheter, for example, may be an
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ej acul ation, erectile dysfunction, dyspareunia, and vagi nisnmus. [00284]
Wiile arterial access and treatnents have received attention in this
Speci f i cavoan10/7BE5di scl osed appar at uses, net hods and sPSTAIsg000AamM3ad so be
used to deliver treatment fromw thin a peripheral vein or |ynphatic
vessel. VIII. Additional Description [00285] The term apparatus nakes

r ef er endgtréwastiiaraipedtar Bgitdldle fhreindesiohafer #nd Héli\nﬁtf/ tthroughran ihtrhsadcnan
relates to devices for achieving intravascul ar renal neuronodul ati on via

t hermal RAthects, such as heating. This termcovers references to apparatus
catheters, catheters, and treatnent devices in general. In the specific
descri pt[00288} he Therinirevastalarpate nuayede visua fémorH @auledy an liada@rternanhd/drat

this is perely a-particular exapple of the apparatuses of the disclosure.
[ 00266 CBrAA- Ty hessadin riasl B8 Brrbiari 85 SRR asn Fentlabpusliglo e

el ongat ednivhall artéry é‘ndePQs:?étﬂirﬁ@mﬁé Aidceartéy S|l byrh, mtd REnBRthe|gMBAtghto a
renal artery via an intravascular path that includes a fenoral artery, an

i liac arreealartapnd tTHes Heawriseal aadntravasasiaiepathi thed affersgnigirgaliyainvasheve,

differe rs_qf th t i f C [
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to, a catheter. As will be appreciated by one skilled in the art, a
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cavity, |4 duct or vessel. A process of inserting a catheter is

cat het eHSar10h. The cat heter, for exanple, may be an 57856- 8021 WO00/ LEGAL1

7467783 58Q-i ntravascul ar catheter suitable for insertion into d
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be throu%h an access site, percutaneously into the fenoral artery and

passed itAe@ppaeatys imerdarte gpinaerfnatie e respectye [edkonmightirenal asteryi ght renal
artery. This conprises an intravascular path that offers mnimally invasive
access t[00290Fk s pdcidroe trapsalittiagtseciioans smedarite comfiguaed bhd podsess selestedFor

exanpl e, ssa t hrough ap i.ntravascul ar th conprises first vascul ar

Feqi on ARBCIATERoRIOREILED | ety B5rOmTRAA: PRUS A R BEResT | FupUdhsaiff afe

regi on akamidsieH! G fordECWItRR: the intravascular path. For example, as it leads from
an accessed femoral artery (left or right), through the respective iliac branch artery

and into the aorta, and in proximity to the targeted renal artery (left or right).

[00291] The axis of the elongated shaft, as used above, refers to the longitudinal
access of the elongated shatft.

[00292] The proximal region of the apparatus refers to the proximal end region of
the elongated shaft. This region may include, for example, the handle assembly and
the force transmitting section of the apparatus.

[00293] The distal region or distal section of the apparatus refers to the distal
end region of the apparatus; the end of the apparatus that is furthest away from the
handle assembly. The distal end region includes, for example, a first or proximal

flexure zone, a second or intermediate flexure zone, and/or a distal flexure zone.

[00294] The first flexure zone refers to the flexure zone that is closest to the
proximal end region of the apparatus. The first flexure zone is equivalent to the

proximal flexure zone (see discussion of Figures 11A to 11C above). The first or
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[ 00289] An angul ar junction could, for exanple, be the junction of the
left/right renal arteries and the aorta. Such an angul ar junction requires
signi ficawD20loewsr’é of the apparatus in order to gai n eRCIUS2IMWO6438€
respective left or right renal artery; [00290] A force transmtting section
I's sized and configured to possess sel ected nechani cal properties that

accomodabginil) frixted zPAS S8 qrokiradudthantaridie assemdry &6 it fercef tRar@aittibigt hi n
the intravascul ar path. For exanple, as it |eads froman accessed fenoral

artery (3estienowhichghPart afine pedxinaben@sp@eni ve iliac branch artery and into
the aorta, and in proximty to the targeted renal artery (left or right).
[ 00291] [0R293ki s Tove firaefleiuweganedraximal dexureszbrebmay alsebe referredttheas

| ongi t udi nal _.access,. of e elongated, shaft. [0029 The proximal reqgi on of
e appet BEKTRLRERIST o TR BRETEN SHCtBH NP SEtE ey et e Pote Sfehed
Thi s r?th_bntH’éi?énPGI%P YdeetidrOr Fo¥asRaintole!t Beploaiaalefi@aprmeédtionnd bOgptear &
transmitting section of the apparatus. [00293] The distal region or distal
sect i on kgnd Wighiggpauide patheieeiosform a tiengitienallbensd r egi on of the appar at us;
the end of the apparatus that is furthest away fromthe handl e assenbly.

The di st[@D296d r dgiransitiocdiuntwl thadis sxppqried aad fstalde wathipthexvasduldtuexis e
zone, adsﬁfi@o d or interpedi ate flexure zone, and/or a distal flexure zone.

[ 00294] 19553 PFPURat UOHBR£OPEAREOXIBIA §BC¥Lxur e zone that is cl osest

to the proximal end region of the apparatus. The first flexure zone is
equi val dA0299 t hdher ssGandl flexwruzane; taiers ethedflexireszane distatifeam dbe ffirat t o

11C abo i Fst - H18H6- 0 ﬁ%%o]cl' 783 1 - < il

fl exurevf;@é(HEeTit}?n%r {)o)?(.l %@F(m?%l ﬁ%e&%%od]\é?a{sr{s_gnb % |r§§ﬁ?%§§¥|é90§1%tr? ghgﬁ% ng

sect i on,flexare honss,the tseabnd liexyreczoreils exudvaled torthe [iteéaa6diald éekurestone

fl exure zone or Eroxi mal flexure Zﬁgeeﬂ[r]r%y al so be referred to as, a proxi nal
f

sect i on.depgEbed d i 'hare Q&tﬁiﬁ 8RO¥&y x| %lem?”érfﬁﬁy éfq fSUPBorE@ @yaE@d
I nto these%BEHl 8f iht’éﬂ‘lﬁéﬂ%'fb e Ur& el eilnaerﬂp%inﬁ@%tsfﬁé’%h@&wlzlet%;d %gxbr%

adapted to bend within a guide catheter to Torma transition ben

[ 00296] zbnesarise tSemoatl thendet arte iis esupatertted thed dittalbflexwret home toudlined
vascul atyre is defined as a proximal flexure zone or proximal section.

[ 00297] €second flexure zone refers to the flexure zone distal fromthe

first flexure zone (or proximal flexure zone). |In enbodinments having nore
t han t wdOPRALir e TAGnESCONG dlexuE® 7PNel 8% UPerFEHiate sflaxyie vzanenimay alsk be

I nter medbalhfed IFEYLR iR ediate section. The intermediate section may be deflectable
to enable it to extend distally from an angular junction. For example, an intermediate

section may extend distally from a transitional bend of a flexible proximal section.

[00299] The third flexure zone refers to the flexure zone distal to the second
flexure zone (or intermediate flexure zone). The third flexure zone is equivalent to
the distal flexure zone described in more detail above. The thermal element may be
carried at the end of or coupled to the distal flexure zone. The thermal element is

positioned at the distal end or buttresses the distal end of the distal flexure zone.

[00300] The third flexure zone or distal flexure zone may also be referred to as a
flexible distal section. The flexible distal section may extend distally from an

intermediate section, as described in more detail above.

[00301] The thermal element may be any suitable element for thermal heating.
The thermal element is sized and configured for manipulation and use within a renal
artery. The thermal element is coupled to or carried by the distal flexure zone.
Additionally, the distal flexure zone is configured to orient a portion of the thermal
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described in nore detail above. The thernal elenent may be supported by the
second or internediate flexure zone. In enbodinents having only two flexure
zones, thwWoennsi7fl exure zone is equival ent to the distrall/dsb@oss3zone
outlined above. [00298] The second flexure zone or internediate flexure
zone nmay al so be referred to as an internedi ate section. The internedi ate

section glemehe aﬁﬁlfgbﬁiét albgiohoofetisdlkee thdrebp praviging corligbhitidduentaitasngtul ar
junction. For exanp an internedi ate section may extend distally froma

transitiqaedl trﬁé‘iﬁ@ierﬁfbﬁamrbxﬁm% dista)xilenre zanei aiso” pigeed de thernali heptindexur e
Fone T ek RehPobdfis IS ngsiiiilg 8, hRAmaragRket o e, zone (or

I nterne Xxure zone exure Zohe 1's ‘equi valent to the

di st al [b X ]e e descrj bed i re detail above. t5he trl Irmal tele nt may
pe car riRISGET  hd el Raydrdhet eomREse ataRong: Betine! SEHEN FRUCENer mal
el ement thhBaEcbhastdntirnidagatdifidkate 26He OWhBEEIh 1SS S8Eohdenéthidl &lermBAt &f the
distal flexure zone. [00300] The third flexure zone or distal flexure zone

may al sccopdigregceioreantaet the fissttwalkigian af heperipheraldnoodessalexi bl e di st al
section may extend distally froman internedi ate section, as described in
nor e det[ﬂDBoa})ovéI'he[ &Oﬁéll]ﬂe'ﬁdumet hemera‘sepﬂremsntthaawamedmgleméntamoen ethenent

f th Th h d f df
o b SRR ae [ Gaal BMThaginoar & e GaaSser the Sopetrs may el ed
to or cagfy %ﬂe%th@zghét?é A RN 0RO 90nBICT BRI By 90ALSHating Ircur e

zone is configured to orient a portion of the thermal 5785
WO000/ LE@EXiblg $86TT8Be rreams @I egEmt ohelenty@ahtsotatloed,ietweeﬂ the Mmal efmnerbty

provi din nsi stent . ti S$ cQ ct | ocat . djsta
Pl exur e Sshdrars Bl sie Bl P, YogEbl herHithi! sghfat ¥ oosninel
t her eby gouphid icZthegesher tha%rprmkatawaeatt|eaép&$@gmpapwuopar atus may further
conprise a second thermal elenent coupled to the second or internediate

flexure [66364) whey ghB éaﬁl?oﬁ%%%éfb‘?ét | AL ié %PE%rhgfé@fé %g @ﬁﬂmact

the fir regi on e periphera vesse I stal

fl exur e leogtd. skpathar esnbdoiments, riujweleen’drm: dlfstajrﬂetxhee eboaganele sisabhg dsn
certain g qu nents of the disclosure, the apparatus nay have only one

fl exure Me. a distal flexure zone. The distal flexure zone having
the flexible structure creates a region of electrical jsolation between the

t her mal [B08Beht dm@ome embadimentsndhe lengihtddhenatarmegiaie dgxuregonaaral
el ement L5, 9RRSAtApEbYimately 5 mm to 15 mm. In other embodiments, particularly for

treatments in relatively long blood vessels, the length of the intermediate flexure
zone can be as long as about 20 mm. In another embodiment, the length of the

intermediate flexure zone can be about 12.5 mm.

[00306] A flexure control element may be coupled to the first or second flexure
zones, or proximal, or intermediate flexural zones. The flexure control element is
configured to apply a force to the coupled zone such that the zone flexes in a radial
direction from the axis of the longitudinal axis of the zone. The flexure control

element may be carried by the handle assembly.

[00307] A flexure controller is coupled to the flexure control element and can be
operated to cause the flexure control element to apply a first force suitable to flex or
move the respective zone that is coupled to the flexure control element. The flexure
controller may be part of or coupled to the handle assembly of the apparatus,

catheter apparatus or device.

57856-8021.WOOO/LEGAL17467783.1 -83-



coupled to the rest of the apparatus via at |east one supply wire. [00304]
In one enbodi nent, the distal flexure zone is approximately 2 to 5 mmin

| engt h. Iwoabtwr7sesbodi nents, however, the distal flexuPeTasa@®oneIs3be as

| ong as about 1 cm [00305] In sone enbodi nents, the |length of the

I nternmedi ate flexure zone can range fromapproximately 5 nmto 15 nm 1In

ot her erfoogo8ENt ThePaekireutantryl ERMdrteahdemh@ré rcondlonét \eay deopartboped
vessel s, the ength of the internediate fl exure zone can be as [ong _as

about 200RkO! IMeChieBisTe rcospiast torliFgt, seernd, agximals of ieimedinireapags flinexur e
zone Carbo‘?n“t‘roi’“?ﬁé’éhealrﬁsnrﬁ &ngihg@%g% ef@xfutere’&%?roﬁé’r”[r{ He ORI, %FBF%Aﬁr%Upl ed
) proximal, oOr | ate

to the first or’s Zon I nt er ne exur al

zones. Tdieachkgroouplexott thel distat et porsion affthguesdedtiveaggiey Thbadaperal wiehe
coupl ed zone such that the zone flexes in a radial direction fromthe axis
of the I'BAYi beidPassechRrexignalyndhroggl. ornalongeider éhe oploneated) shefit Oﬁaghebe

carri ed a?%sf@\@eg?@éngﬁgﬂgﬁgo[aoﬁég}b d%nftrjof?ét“fneth%%%%f![ﬁ a#tﬁafbﬁ’%‘ &d to

the flexure contro can be operated to cause exure
control pereokthe Handdgppbserablyi rst force suitable to flex or nove the
respective zone that is coupled to the flexure control elenent. The flexure

control I[e0309Yy b®Omaktio®fofothe Auplfdr tsy the dmagiver aaseig|rodmaiipeon or
apparatus, catheter aﬁparat us or devi cbg/. 57856- 8021 WO00/ LEGAL1 7467783 1

-83- OOMinEﬁéO'Waégut e @@Hﬁﬁ%lp@lseM@o'&m WirexRek EQ)r@tppb'l Iae@rﬁﬁ‘j)esﬁé/e_part
of a contygl TGN SREOU! G L8.bIhS ey 380 0BMe RNl BEndiflg ! TR at &
y rncludé

zones. o) chani ] a flexare controller 1n’the tTorm

of a cordonobressive fotdeahedmbmatioadwitio thdeptibatladirestbnady thiasedbtiffifess of
respective zone. The caontrol wire may be passed proxinmally through or

al ongsi dBetiieXueg éﬁaﬁt@'%Fﬁthe Bexyree2ispanas Hsreleysi r@diallanevep it esure
fl exure M?B\g%bfgp cPd i*f‘éalofnﬁftpﬂﬁﬁﬁl gflsactuator on or part of the handle

assenbl y. eration~o e actuator by the caregiver pulling

o appty O3 Tpr SRETORR Aot Bh ety p6 KRR 2R, Too A B ERE ™
resul ti rgohdate€nshary cahhise cRray @pgi ¥ehfigared tb vargniaengtifimesvt the Mexure

optional directionally biased stiffness of the flexure zone deflects the
f1 exur e ZO59ES)anBOUL Her elsUMiesaNes | y Theveariatie gircafeeential stiffness imparts

preferential and directional bending to the flexure zone (i.e., directionally biased
stiffness). In response to operation of the actuator, the flexure zone may be
configured to bend in a single preferential direction. The compressive and/or
bending force and resulting directional bending from the deflection of the flexure
zone has the consequence of altering the axial stiffness of the flexure zone. The
actuation of the control wire serves to increase the axial stiffness of the flexure zone.
The directionally biased stiffness of the flexure zone causes the flexure zone to
move in a predetermined radial direction in response to a first force applied by the

flexure control element.

[00311] The stiffness of each of the flexure zones, such as the first and the
second flexure zones, can apply via the thermal element a stabilizing force that
positions the thermal element in substantially secure contact with the tissue surface
during actuation of the flexure control element. This stabilizing force also influences
the amount of tissue surface contact achieved by the thermal heating element (i.e.,

the ASA to TSA ratio). In one embodiment, for example, the stabilizing force may
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zone with respect to its longitudinal axis. [00310] Desirably, as described
In nore detail above, the distal end region of the elongated shaft can be
si zed andwoanfo/gsr’éd to vary the stiffness of the flexuPeTase@@®¥93about its
circunference. The variable circunferential stiffness inparts preferential
and directional bending to the flexure zone (i.e., directionally biased

stif f nesuseldl legstnaRsg)/-five peReat bpthedfotdlinsurleusbarof théehdred Wiemaen® may
be configured to bend in a single preferential direction. The conpressive

and/ or B&NEHJhe Hpske anda¢esul ting directional bending fromthe deflection
of the flexure zone has the consequence of altering the axial stiffness of
the flexX00312bne A Feeoratieratre @tervent iseparbnf oocowpled te dhe distaldlaxnice zase, t he

2L, SRS R, S AR

di recti Qﬁ)ugﬂad g5 PPBSthdrma diemeht.f OTRE SeddndedeRiret BRerhéMXHBS eBhamital
el enment. [0031 1] The stiffness of each of the flexure zones, such as the

first ardopediesetwtdaggosxmpdateo mdditionah figspres ofi bendiagt irderandentmainthea

Secure AR ikl BRoBrald (B TubPTeba MRl eV pth SERIR  Felltt
control #lgeast ThEgscopldattixure elgnéritiragy e havklaifexieie dthet@eount of
ti ssue surface contact achieved by the thernmal heating elenent (i.e., the

ASA to gﬁﬁﬂ | O)A fldxilae sRIBR "EedommBHa s HaisSivet BxSieakif! tHd NBefAACE
may 57856- 8021 W00/ LEGAL1 7467783 1 -84-cause at |east twenty-five percent

of the telemientin aay @lanecthrofigh tiee akisrofdhealengated tshafiont e tharmal ©lersent
sur f ace. 50831% A Seqf\tﬁ%d flexurg eltgment IS g&)rt. o{ r cou?l ed, to t.he
di stal fT8%IPE UPJRETNGHNGER 42 OhLesSibal X S0 RIRFYAGIERR MO 6edXiFhe
second flexure elenent .is also coupled to the thernmal el enent. The second
1 oxur e [0P3Mht HAS SRS tuisiurg ek bei iBdhe Haim 4 oA SHCHAAR 2 ROHAReT

flexure JHFeé&e “ﬁi i8GesiraRPRRdElad%be FBﬁmrpgﬁ%i&ﬁke&léﬁé#éﬁni%‘?&%lﬁﬂ%méad.

internedi ate flexure zone, at a prefer treatnment angle e second
f | exur e Bleethetd magy e encésadt ira of lcexetdde withraicbatieg drO9@&PPjng) fucbxablae

structure accommopdat es, passive flexure of the thermal el enent in _an | ane
©hr ough RANENGS, CRaUTS- HECLT BFRIER) BRARYSTofh DB PRuMe EHURE myaesdup ¢ o
ni nety dg@@ethatar B8 TohiptsearoeaHAkIckRical P MsUISRG @afer(d 0and RartiXiarly

[ 00314] The flexible structure may ‘be in the formof a thread, such as a
pol yner those listed above with respect to the sheath (e.g., carbothane). The flexible

structure may further comprise a metal coil.

[00315] The thread may mechanically couple the flexible structure to at least one
of the thermal element and the elongated shaft. In one embodiment, the thread is
routed through a proximal anchor, which is attached to the distal end of a flexure
zone (e.g., intermediate flexure zone), and a distal anchor, which is fixed within or

integrated into the thermal element using solder.

[00316] The flexible structure can include, for example, a spring-like flexible
tubular structure as described in more detail above. Alternatively, the flexible
structure may be in the form of a tubular metal coil, cable, braid or polymer. The
flexible structure can take the form of an oval, rectangular, or flattened metal coil or
polymer. In alternate embodiments, the flexible structure may comprise other
mechanical structures or systems that allow the thermal element to pivot in at least
one plane of movement. For example, the flexible structure may comprise a hinge

or ball/socket combination.
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thread. It is desirable for thread be conprised of Kevlar or simlar

pol ymer thread. The thread may be encased in or covered with a coating or
wr appi ng,weuetv/as17a pol yner coating. The thread nay be ®ovaseawstds a

pol ymer | am nate, coating, or sheath that can be conprised of any
electrically insulative material, and particularly those |listed above with

respect [00317E shertind&: the d@ébb@bhﬁcalebf th8epthyseiah] passive cllaxiuee Bythe
further conprise a netal coil. [00315] The thread may nechanically couple

the fl exdasoadsiexuse glemest &t theadistaitexsre agmet Aeeural inelaspeRse dadcartact

anchor. aiiean ithe 1fpRRA AERER RS al Ifsdg heafidied BYLE rpdREUpieqioR o ™

I nt er nedhatieerhaealgraeaoacthe fastd secshdbrintemedtiate fidxued zosefi xed within or
integrated into the thernmal el enent using solder. [00316] The flexible

structur [003 48] ' ”Cﬂh'édﬁ)rcé QFar%Xﬁtﬂh'gese@flo'ﬁpfs' 8geli %% fcbﬁﬁg@r‘eﬁ fd#ttlc'ér%rmlttlng
structure as described in nore déetail above. Alternatively, the flexib

st ruct uraongp desnpoundiéexuse or sdompound tacturetafithe elangatethslaft.or al d or

pol ynmer. The flexible structure can take the formof an oval, rectangul ar,
or flatt[608t9)ret # compbund stroiciurerin the etdrigateshatrib dotinmah by the flextiteead bl e
structure may conprise other rrech n| cal structures S hat al | ow
Che 't hertH&) PEFERER T MEITRAE: AdaStaadex e Speme %en%%rreﬂ@é piclure
exanpl e, pdditoris! 8Xire@ab dIMREHT @affd %g”ﬁté SRtA HEXE8 26ndabt [hREhFént

conbi natlon 57856- 8021 W00/ LEGAL1 7467783 1 -85-[00317] Not under the

di rect comtadiwithf tissue gong the atravpasgaveath, exure of the second flexure

el enent at the distal flexure zone occurs in response to contact between
the ther[0eB26] engntcoandctoal dn torssareiedcbpsthenkandiyg assemiagi sl cdefidureti on of

the thermal elenent at the first, second or internediate flexure zone.
[ 00318] Cﬂﬁ‘é‘ePbFft?etW@ﬁéﬁietrt“PWgtos%éft@rmﬁ'@%@&é@ur&ﬁd Emergueear may be a

t t

Ly ane ol Rl BB SIPGUBRILLE Sl ROTRE GRS LAEENDS, Ord Bperay
formed spurte nidyekara gehetdier pr aaynsther eneggynsaliraee, Aaradasdrosre&turfrjl)emurree
Gi'stai fMaxGAES 20 fix SpndeEsEniat i P5RogRe Hen i Cemonsasg Tiadt from'
intr avascﬁé'c%blé)?ﬁrgge&(?%?&]op%rﬁﬁ’vﬂé]f%&%h@@ t&théﬁéﬁdl@%é&\énﬁd?f tck‘éaﬁlv the

assenbly is con ured to connect hermal el ement to her mal energy
sour ce. €feEgy tnthecthermabglebweni.

[00321] The energy supplied to the thermal element may be at least one of
radiofrequency, microwave energy, ultrasound energy, laser/light energy, thermal
fluid, and cryogenic fluid. The thermal element may be an electrode for applying

radiofrequency energy.

[00322]  Additionally, a sensor such as a temperature sensor (e.g., thermocouple,
thermistor, etc.), optical sensor, microsensor or impedance sensor can be located
adjacent to, on or within the thermal element. The sensor can monitor a parameter
of the apparatus and/or the tissue surface. The sensor may be connected to one or
more supply wires. With two supply wires, one wire could convey the energy to the
thermal heating element and one wire could transmit the signal from the sensor.

Alternatively, both wires could transmit energy to the thermal heating element.

[00323] A feedback control system is configured to alter treatment delivered to
the tissue surface in response to the monitored parameter. The feedback control
system may form part of the catheter or may be attached to the energy source, such
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cable plugged into or operatively attached to the handl e assenbly. The
energy source may be a generator or any other energy source. At |east one
supply wiwe 20em7pEISs al ong t he el ongated shaft or throughTaSkanmemm3sh t he
el ongated shaft fromthe cable plugged into or operatively attached to the
handl e assenbly to convey the energy to the thermal el enent. [00321] The

ener gy sapplderterdort Mng eddRicked@imntsySRyn Peayabel £ psdcadzer @bugled to the
radi of requency, m crowave energﬁh ul trasound energy, |aser/light energy,
el

t her nal GAthetaT ORI @RSTEYSOUECT. | fine semser dataronal ba:pedkirRd ARYOpEORY Y Bt r ode
for 200 Xb ARG Al SPURNF KrBRES Y KINBRR At I RI R oo SERRELGHG 2
nperature sensor e.dg., ernocouple, thermstor, efc.), optic

sensor, imbetwsenpoisesrofi anerdpnwkes applicalsian The mhooibed dethanentbet vsedim or
within the therpal el enment. The sensor can nonitor a paraneter of the

appar at L%feoﬁ?@@&l‘ '9%_t‘? ib§§t9@C@GV@'a@@f?%@-%eﬁ%@?FQFHV”%@’Q%We@ RNtyePle or
fror € SU%‘?‘%;?] t?’é‘la“tr%%nt,Vémc]q itltrﬂﬁn%sfé'&ﬁﬂage tbhfrslied Beli t rgeofcéwlirf&ré ¥r &G rgy

to the t mal heat'i ng el enent and one wre co transmt the signal from
t he sengmwerAirtzelonger oeslyortdraduratiom dserapyl d transmt energy to the thernal
heating el enent. [00323] A feedback control systemis configured to alter

treat nero0g8e4) vereR feedoaektdfited ssgtdraceutth dsespR@actaior, Garmindllds e
paramnmeter. The feedback control systemmay form part of the catheter_or may

be attacHe@the fareCHERI Mﬂééyery(%o@%f5en@@mtom@omeemLflem%r?wé'@el
- 86- . | ed
as g, éﬁﬁ?‘éé’rﬁ b?yﬁfnén?@r%é%r%%h{p%,eés}s’gtﬁggyé‘@@% canﬁgg&g(ﬁ:«ggfarng? b €

to the ca er or e energy source. a can [

moni t or ezkeeytivm ey faepdoassoraamupie tosthetermargy sourdeo, si nul t aneous with, or
after the delivery of energy or in between pul ses of energy, when

appl i cat{beazire MpRl haiee a%%bﬁlbwmé%ﬁc@rﬁﬁﬂsé% ﬁ)tét@@%@@bd RPthet @Iohgbie@r
contr ol therg'gal, e.g., to determne whether to continue or stop treatnment,
comnfigused

and it rEhaft datelate &t alongatad/shaft ahoutibeadewitbout iaidwthgower

or alo I erdu ' The.fee .

oystem TSI BeSORENE Tt teh Eriiesut R Cha IR kS PRI TBREbTegy « ne
del i ver wboptaveht abtatiodr oy the tlbaghiter BAbftebeyory .a Phedetbeninedhmuaier bef

i npl ement ed, for exanple, as a conventional conputer program for execution
by a prd€¥dl8EPnEoupl ed to the energy source. [00325] The handl e assenbly

may conprise a rotator coupled to the el ongated
[00326] The rotational limiting element may be in the form of an axial groove and

the distal portion of the handle assembly can include a fitting interface having a
helical channel, A traveling element, for example in the form of a ball comprising
stainless steel, another metal, or a polymer, can be placed within the fitting interface
so that it, upon rotation of the fitting, may simultaneously travel within the helical
channel of the fitting interface and along the axial groove of the fitting. When the
ball_reaches the end of the channel and/or groove, the ball will no longer move and,
consequently, the fitting will not be able to rotate any further in that direction, i.e. the
travel of the traveling element is limited by the structural confines of the interface.
The rotational fitting and handle fitting interface can be configured to allow for the
optimal number of revolutions for the shaft, given structural or dimensional
constraints (e.g., wires). For example, the components of the handle assembly
could be configured to allow for two revolutions of the shaft independent of the

handle assembly.

[00327] A controlled flexure zone may comprise a first or proximal flexure zone

or second or intermediate flexure zone. The controlled flexure zone refers to the
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shaft and configured to rotate the el ongated shaft about the axis w thout
rotating the handl e assenbly. The rotator can conprise a rotational
limting wbemsmt7stwenfi gured to prevent rotation of the eCorusatedeshaf t
beyond a predeterm ned nunber of revolutions. [00326] The rotational
limting elenent may be in the formof an axial groove and the distal

por tion gHrt bhehehalbagatcrsseitotiat ¢ady bedontielied foytd réttoien; eshtpsiRdN@dhiEht a
hel i cal channel, A traveling elenment, for exanple in the formof a ball

conpri si Hig eeniraliesdiexsreapne ma bein thefarm ofa wbylargicturean be pl aced
within the fitting interface so that it, upon rotation of the fitting, may
si mul t arf@03238)y t rareshoteiyt tconiralled diemeatmayhzmimethedormiod, Buttis inoglimitedtd.ace

d al he_axi al i the fitting. Wen the bal Lreaches th f
the chamhep Geldyes ayPaBeY To e ditn i bf Tie, SPaRalsd TS e, cORe SAERL 1y,
the fittwipg gy bendasded pRIXIMaIR 1Hbagk tABYelbhGAtREaT sHat bha#te Gphafdtu&mind - €.

the travel of the traveling elenent s limted by the structural confines
of the icouUPIEChiDean Tpklateiten Popalt of the hagdlaressaenily-eAnianeralgr maeieneielycan

o ven s LG bt B R Bl e BB HT nfind {Pviy W actialnsrd™ 1o
conponerdulirgf tieheohaodvreasaekriod Yapp bdehrprazriviesdn@dr tsenalingdorcer tot thie

revol utions of the shaft independent of the handle assenbly. [00327] A
cont r ol If&XUre @RNeesBHBI NBYPRIBHRE | slheaCPMPERSSHe fATER IRedombiBRIQRE Wibhteor

second ' ryredi: f e I fgrs to
the_57seip 658 REEE) Ay hRECREAREs, O Ine BRI E IO e BRRetE, et ¢
may be awmntrotied diéxbse aome smi etheretoytradldlig anevesthet confifudleddlexucs zede fwithxur e
zone may be in the formof a tubular structure. [00328] A renpotely

cont r ol I"68PeSteadEIoNRIHARai8XIS he form of, but is not linmted to, a control
wre attached to the distal end of the controlled flexure zone. The control

Wi & e mayl08829k s s &Esyiebh, @alde)scﬁhe@lu“gmqr?@leéaiba@me?dh% Rigtal e5Td ragéormppteat us
mmy 1 ot 19 Se et oA 86 el BrBiton it do BT e ster Sk ABEHR

f or war d ZAdne(fichbatiolitsaoidcurdidrémees.t h&hgovdrialie WircRinbfagdntiad stiffipkeys aimparts
conpressive and/ or bending force to the flexure zone resulting in bending.

The conreteseniialrasic direefich@hidendindote thier sontralledpiexsnalzonerber idbiestiealli ased

e S R R
predetermined radial direction. In response to operation of the actuator, the
controlled flexure zone may be configured to bend in a single preferential direction.
The compressive and bending force and resulting directional bending from the
deflection of the controlled flexure zone has the consequence of altering the axial
stiffness of the controlled flexure zone. The actuation of the control wire serves to
increase the axial stiffness of the controlled flexure zone. The directionally biased
stiffness of the controlled flexure zone causes the flexure zone to move in a
predetermined radial direction in response to a first force applied by the flexure

control element.

[00330] The stiffness of the controlled zone can apply via the thermal element a
stabilizing force that positions the thermal element in substantially secure contact
with the tissue surface, during actuation of the flexure control element. This
stabilizing force also influences the amount of tissue surface contact achieved by the
thermal heating element (i.e., the ASA to TSA ratio). In one embodiment, for
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respect to its longitudinal axis. [00329] Desirably, as described in nore
detail above, the distal end region of the elongated shaft can be sized and
conf i gur edot201vasy’st he stiffness of the flexure zone(s) Pabaiseo09nes334
circunference. The variable circunferential stiffness inparts preferential
and directional bending to the controlled flexure zone (i.e., directionally

bi ased sidhiples®e sHVilzignadicesniaecalRxdr et theatens ertatt & Seuiazone

in a predetermned radial direction. In response to operation of the

act uat orsurtage afeaof §19 mrmaéﬁlmerﬂdﬁéowtme Hoa SIfaGe-t 0 bend in a single
preferential direction. The conpressive and bending force and resulting

di recti d0aB3tendiling tcootroliet figxtireecaonen irofthe hiormoof raltuledaf | sisustyrez ovey has

th |t al f f, t trolled, fl

one. THESHER I Rerdithb ek Biash, diftisse Td IR anbridfus 8l fe g oPE " ©
stiffnesheg rﬁah@rlélo@tg Qif's%’mfés@)@!é@! é@@esha'ﬁéem@hfcﬂ?tdll@?aé by el eganium
stiffness of the controlled flexure zone causes the flexure zone to nmove in

a pr edet(@rkh@ nadinohar AiTiji toqmsisess the reg|igiesexiabstiffrieiss and iorgienalpiifinegs by

can appl 116 1A S Bb TR s e LBy aorkes B dheelBoS b Rt Ere”
t her mal relvingeségmentsURit aiffarent stifireees. dpattabllanstrictune niaysbeien g force,
during actuation of the flexure control element. This stabilizing force

al so i nfafi@hexsl, rrdegiapgrtaroer flatdened metebeeil @6@95/é‘ﬂera|&%\('@9§@9mﬁrtt$lé‘”th
t her mal (i.e., the ASAto TSA ratio). In one enbodinent,
for 578#%5?%@)%%6&1 7467783 1 -88-exanpl e, the stabi lizing force may
cause at nt flve er.cent of the, t taI S ace of the thernal
o emont 1005331 L AT HiouarSeREEGR wltn WSS ToM mEl 3Ry e e e KOS o

in the feam T;ﬂé ahé UuopLiRF ﬁ?ddl@rteurn‘?ay"fﬂié PAsR i et b|’¢ﬁr’1gd'ltéel‘(‘ahgﬁmf?!bI provices ed

stiffness. e tubular structure na made of a netal material, e.g. of

st ai nl eensiedla, speingdikeripsturenortye élbludﬁ}f steuciire eanckelude; a lasetmeut patters, |

oL oL o i P AT oS ERABA Bt et BPES e EiPer

et al / DQhw@bulew@@@tut@ |ﬁae!$mseetgrmmtrﬁg oh the dorﬁtf@rf@smréélefrrﬂmm@ledﬁ@e
tubul ar structure m he formof an oval, or recta

1ot ondBe el Cos or Tas tuiianBrutiie Howakhadieol edidirgcion s ohenaraatoneiEs ses.
[00332] Fhgsd Whithals St TS tiBfar WHERMRIRa) HEUEBHAIed™BY thE B@RBN Sie FOT

spine in relation to the plurality of connecting ribs on the tubular structure.

[00333] The tubular structure may further comprise a polymer laminate, coating,

or sheath.

[00334] An unrestrained flexure zone is distal to the controlled flexure zone. The
unrestrained flexure zone has or is coupled to a thermal or tissue heating element.
The unrestrained flexure zone has mechanical properties that accommodate
additional flexure or bending, independent to or in response to the flexure of the
controlled flexure zone. The unrestrained flexure zone may have or be coupled to a
flexible structure as described in more detail above.

[00335] The apparatus may further comprise a second thermal element coupled
to the controlled flexure zone, wherein the second thermal element is configured to

contact the first wall region of the peripheral blood vessel.

[00336] A connector on or carried by the handle assembly is configured to

connect the thermal element to a thermal energy source. The connector may be a
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exanpl e, the tubular structure may be laser cut along its length to provide
a bendabl e, spring-like structure. The tubular structure can include a

| aser - cutwpabntog7gi7/iavi ng a spine with a plurality of comrogaiSzeng/o693Bs. The
pattern biases the deflection of the tubular structure, in response to
pulling on the control flexure elenent coupled to the distal end of the

t ubul ar cHbldIPlugdgdd imvesrdoperd@isellesttadieaCtd e hHMElId igsssinbAnalTheensrfy
stiffness of the tubular structure may be determined by the | ocation of the

spi ne | rPAUESIMBN bER ORBEFAAN 8T BNy Ahet AR QY CRi bAt Bast waet sHRAhawire
structur T r .0 | r

| am nat erﬁa%%)gg ?%‘g’én%pﬁsé@gghﬁé’d[ %ﬁé{g&f H{Aﬁugﬁ%e@ﬁéarrﬁe@%f %)ﬁgétgdgso@gﬂ ?@E

di stal tthetdableplugyedlied drl eperativelpattacibe tolthehbndiermxdehitgy to eoavaetheas or
is coupled to a thermal or tissue heating elenment. The unrestrained flexure
zone haeNagnihitedheppabe/emesd: t nat accommodat e additional flexure or

bendi ng, i ndependent to or in response to the flexure of the controlled

f | exur e [80337] Thd henglesgatedranalt may e configuradfonepiation wibircthepperirheasala

rmy  ur (HE9S SERP T uBen BB BRAFOIG AERUS 2RhEs B IRGe A ool ™
fl exure regiom, anbeneem thoetheanandidngitmal ineten®at with GnisegonEdvdlo regiohact
the first wall regl on of the peripheral blood vessel. [00336] A connect or

on or cdretaliany theelongaied sha§masitonsstheseantlieddlexyre grRe Againg a Kiidhml
I t ; I : 6- :
wenor LT oA AR AR AP HEr el Sin ST AN o TR S RERE MO, ¢ e

handl e ahedhibd ywall Tegioaris cigusderentialpyfost feorgene fiegt avalloregiornyarnd tres formtar gy
source. At | east .one su al ong t he el o_ngat e& shaf t %re

|y wire_may pas
t hr ough V2!l (REHGN il Ctrﬁ‘éfng&éﬁﬁ%!{yeeﬁ%@{d’f@mft%Sn‘%QQQ dowdll eegipliggad Whigino
oper at i t W ey the ener to the
t her mal Wﬁ‘rgnﬁltéﬁ%gﬁrbﬁg oggg'?@%%ar?/w%ﬁé Eg gonf i gur edg1¥or rotation
Wi thint [ r i e ne e [.§, 1N
1 exur e 1933PRL "R BoscP RO FOREUe B S en iR S AL A URBIBRE rls
contact feirhipdrhef segeteth wahk syetine mayRRirtkier eonirisehiastel tiopsttadt edvahtand

positions the controlled flexure zone against a third wall region and
posi t i orfBetaRerghepnaaty e tagalivateneran e the tharmal glareent ageerding te ke

;mjr fhﬁrggéﬁﬂn%d EnldyCHERR G Brbfik! Y TRET Slieldr A dd erkhdy belilr, Sr3gieon
may comprise increasing energy delivery to a predetermined power level for a first
period of time, maintaining energy delivery at the first power level for a second
period of time; and increasing energy delivery to a second power level if the
temperature value is less than a preset threshold following the second period of

time.

[00339] As described in more detail above, the apparatus of the disclosure may
be provided in the form of a kit, such as a medical kit. The kit may further comprise
a cable configured to electrically connect the catheter apparatus to the thermal
energy source and a dispersive electrode configured to provide a return path for an
energy field from the catheter. The kit may further comprise one or more guide
catheters (e.g., a renal guide catheter). The cable can also be integrated into the
apparatus such that both components are packaged together. Each component
may have its own sterile packaging (for components requiring sterilization) or the
components may have dedicated sterilized compartments within the kit packaging.
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wal |l region is circunferentially offset fromthe second wall region, and
wherein the third wall region is generally opposite the fourth wall region.
[ 00338] Asocdenun7styed i n nore detail above, the apparat ugCofuseéve/ocds€c| osure
may formpart of a system The system may further conprise instructions
that command the energy generator/source to deliver energy to the thernal

el ement [908801i NTHeO kR PagARIr@IEN QRHpESEgMtrERionYefor @éIRerihg- th'éh@atheter
predeterm ned energy delivery profile may conprise increasing energ

del i ver yRRArAlUGr Bk Peranah caftgsy it theepalierttoand, atileast peitinby @mef\ramg the
mai nt al n’lld&‘?eryg;bg;SI Sﬁbfnéeréé( e trQﬁaﬁ' ft%?ya A8l etY.% mgfaﬂ%ntaf:ﬁre%?’lﬁg%ﬁrd pd of

tinme;, a g en del i Second

t enper atagsechddd evithsatl leest bharbfawyveﬂ%entsudnh I‘n@%HOIaduifeﬂ Kigwéyngisthse seronit
period of tine. [00339] As described in npre detail above, the apparatus of
t he di scf?B@hlf%'%y SYEPBENSKCI BYPGrACHVY . ¢ rbelss. énﬁtabollglmwagr,aawgﬁmaa kit.

The kit Wotcgfdl?lciﬂﬁéﬁcﬁﬁa ?mlg &N fdVBHEGHet © el ectrically connect the
S

cat het er apparatu energy source and a di spersive el ectrode
configured to provide a return path for an energy field fromthe catheter.
The kit IXay fQondiesiooonpri se one or nore guide catheters (e.g., a renal

gui de catheter). The cable can also be integrated into the apparatus such

t hat bot[0084tjpondiniesatzove qh@takageléscmmmlsm*f erEw@mrns)oﬁ&mlnvmytldsmaﬁe nots own

ST NG LR T B Ty
packagi ngh ov@785;ﬁﬁfh%9§ﬂr %’%&ﬁ’f&%ﬁ%&du%@ﬁ 7%@ %nﬂg&a{rﬁﬁééf%r-rhfé KhJerf@BN &idf t her

conprise Instructio deli vering the "cat het o1 apparatus into a renal
artery ajestchbe@aab@m fandllastratyas pupeosesal Variadsnequiveiany trodifldatiory are

osoe niimiPsii i iné S8R bt Fiel i Bnbd Spe WS BkyERtn 1 fp o BB S
di Sease,reedg?mﬁec F@ﬁ@kawel UiRile SISRRLRE s EMBarinch | gfldy ,oraleratmtfe?ﬁatwe

met abol i c sorder, arrhythm a, acute r%@cardl al infarction and
car di o- rembodigiamnis dhey IPerfoamnsiensi iona [0£Dt order. addee vareus estbodiments

exnaust 1 U8eEp8e SERTA TS R, ﬁfﬁh@%@lfoopé%d’epﬁ%&%% SRUFRRES | ooed” above.

Gescri D388l e Fopmi e, ot Get il oS aRDTes Aee daAtetRACHA ERBOSTHPRISCER i ons

are the invention have been described herein for purposes of illustration, but well-known
structures and functions have not been shown or described in detail to avoid
unnecessarily obscuring the description of the embodiments of the invention. Where
the context permits, singular or plural terms may also include the plural or singular
term, respectively. For example, much of the disclosure herein describes a thermal
heating element 24 or electrode 46 in the singular. It should be understood that this
application does not exclude two or more thermal heating elements or electrodes. In
one embodiment representative of a multi-electrode configuration, a second
electrode could be placed on the intermediate flexure zone 34 opposite the direction
of deflection of the intermediate flexure zone 34 such that the second electrode
could deliver treatment to the vessel wall at or near contact region 124. This
approach would allow two spaced apart treatments per position of the treatment
device, one distal treatment via the first electrode 46 and one proximal treatment via

the second electrode.

57856-8021.WOOO/LEGAL17467783.1 -91-



possible within the scope of the invention, as those skilled in the

relevant art will recognize. For exanple, while steps are presented in a

gi ven or d&0208a78r7mat i ve enbodi ments rmay perform steps PATAISAVRH&L38Nt

order. The various enbodi nents descri bed herein can al so be conbined to

provi de further enbodi nents. [00342] Fromthe foregoing, it wll be

appr eci gpeg4gpat Mareevét, unfigafic RErS'off istdi@résine imited thavsarbesty Lsingld bed

herein for purposes of illTustration, but well-known structures and

funct i orterh&xelustre re@rtherIRar Bemeds defaserce o Qétsélolf twe QivePe itemectesari |y

obscuri AS G e t t he
qgetugg oq’ 3P |h%tu % I%ft id P) bgrmglgirg%@j a5 91 9 Lég aéélﬁ le %F%yr“ﬁrg he

context permts, sing U rnes nay a

si ngul arlist e(runallr@snﬁ;:ﬁtewrsl Ln tH%plnstemrT(@I) @nyrnmhbmiatucbrine)fctheqtms:nﬂ therle;tn
describes a thermal heating el enment 24 or electrode 46 in the singular. It

shoul d H¥divieraly: Htﬁjtqrﬁhtcomﬁrés'%dﬁll@éﬂltﬁfpl&f@gt R Mearcingeindat sashibee

th I | f
ol 11 - BEER] g EE BBt Bl Py, YBRter Ry R R TE e BRI e
i nter n‘EChdIIltﬂDI‘fd| eypeseolzother 3gatomsosid eott prechlideedct lit ovill afsoded bpptecmtedfth:hhe

i nternedi ate. fl exure zone 34 such that, the second el ectrod i ver
treat rrerﬁpelcﬁ'ct grRbpdiraents have geer desetped disreit for éﬁirBﬂseﬁzﬁ?" F@?fa #Btach

woul d alghgw u§p%%ﬁuc%98ﬁ§ rtnfazabﬁ'ema%epw.thagﬁldévga}r@ fﬁofa@ ﬂwéeﬁfﬁféﬁﬂbn

devi ce, one |sta treatnment viat first electr 6 and one proxim

t r eat nrerdcogrdinglye theeitweadtien scnotdiieiiedbaaspt 86 Iy tmmpleld;edrlamﬂw 1 -91
-[00343] Moreover, unless the word "or" is expressly limted to nmean only a
single itemexclusive fromthe other itens in reference to a list of two or
nore itens, then the use of "or"” in such alist is to be interpreted as
including (a) any single itemin the list, (b) all of the itens in the
list, or (c) any conmbination of the itenms in the list. Additionally, the
term " conprising” is used throughout to nean including at |east the recited
feature(s) such that any greater nunber of the same feature and/or
additional types of other features are not precluded. It wll also be
appreci ated that specific enbodi nents have been descri bed herein for
purposes of illustration, but that various nodifications may be nade

wi t hout deviating fromthe invention. Accordingly, the invention is not
limted except as by the appended cl ainms. 57856-8021 W00/ LEGAL1 7467783 1
-92-CLAIMS | /W claim
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1. A catheter apparatus, conprising: an elongated shaft extending al ong an
axis, the elongated shaft conprising a proxinmal end region and a distal end
regi on, twe 2dioral7sregi on including a first flexure zoneCarus2@99es6nd

fl exure zone adjacent to and extending distally beyond the first flexure
zone; a handl e assenbly coupled to the proximal end region; a thermnal

el enent carried by and extendi ng di sgcphAlMSbeyond the second fl exure zone; a
fl exure control elenent coupled to the first flexure zone and configured to
apply a first force to the first flexure zone to nove the first flexure
zone of \&e(glstal region of the elongated shaft in a radial direction away
from t hd/®iQ8IMy | exible structure within the second flexure zone that is
coupled to the thermal elenment and configured to all ow passive flexure
about the axis in response to a second force applied to the thermal el enent
via contact wvi.th aAbbﬁEmawﬂnnﬁams camptisixgre controll er carried by the
handl e assenbly and cou he flexure control ele wherein the

e
flexure contr plongpied: Fsﬁﬁeé‘e'rtgoa'eaw@ 2Xe Neslangate rﬁ CINEMERE & o
apply the first f;b'rB%rﬁé? éﬁ'avt%yﬁd?‘?aﬁdi Sdistal %Hrrt'ég%)‘h”%e aﬁ@alﬁeﬁ%qﬁélhefng

carried by the handl e assenb configured connect the”ther nal
el enent to a ther ralfirehdlegyres aonee andhar secondeflexuee nednes| ashaceanti o and

confi gured to appl at ment, to regi on_adj acent to the tissue
surface. 2 . The cé[/i(tt f@g d?ﬁﬁlyr%‘?wdot% 3@% 'GH8MEI n the first flexure
zone is conflegﬁé,egetégsgmbﬁ/ thusle@tG URd proximarer@gidn;di rection in response
to the first force applied by the flexure control el enent. 57856-8021

W000/ LEGAL1 7dhegmaall eleyaerd carmied byt Aed coxtappiagadistallyf beyond dhen secensr ei n
the flexure contr | e conprises a wire coupled to a distal portion of
the first flexureqLee)(ﬁEerZ@E% wherein the first force applied to the first

fl exure zone d ferureedshtid emenpogsiedve therfirst ieswbticie an@wonatyurid @n of
the flexure controller.
apply a first force to the first flexure zone to move the first flexure zone
of the distal region of the elongated shaft in a radial direction away
from the axis;

a flexible structure within the second flexure zone that is coupled to the
thermal element and configured to allow passive flexure about the axis
in response to a second force applied to the thermal element via
contact with a tissue surface;

a flexure controller carried by the handle assembly and coupled to the flexure
control element, wherein the flexure controller is configured to cause
the flexure control element to apply the first force to move the first
flexure zone; and

a connector carried by the handle assembly and configured to connect the
thermal element to a thermal energy source;

wherein the thermal element is configured to apply treatment to a tissue

region adjacent to the tissue surface.
2. The catheter apparatus of claim 1 wherein the first flexure zone is

configured to move in a predetermined radial direction in response to the first force

applied by the flexure control element.
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4 . The catheter apparatus of of claim1, further conprising a sensor

adj acent to, on, or within the thermal el enent, and wherein the sensor is
conf i gur edot01omogi7sor a paranmeter of at | east one of thecaapsar@ves3and t he
tissue surface. 5 . The catheter apparatus of claim4 wherein the sensor is
at | east one of a tenperature sensor, inpedance sensor, optical sensor, or

mcro sensor.3.6 . Thee caatdtet Qipp%@@t%li’sabﬂsofof:laﬂﬁ ¢l Wh§re4n finier 1ﬂbfaurec@ﬁﬁl’rbISl ng
a feedback control system conleﬁured to alter treatnment delivered to the

ti ssue fiemgpk CPWW@@%G%WQ eoumed oA distal ogstieamittee firgt ﬂemr@_m@r@r
2pDR at uan gl PR D BT SIS EefileRk el oy BLARKEOPLLBBR e

al gorithm put o ener gy sour ce.

cat het erforp@salting fnfm@lcajemoh dﬁ‘llaeelenurtdm)rftkﬁheure control elenent and the
flexible structure are configured to nutually create, via the first flexure
zone and the second flexure zone, a stabilizing force between the thernal

I t dt t T I
whorein the stani |1 ngtarn erparus 'Ot of St 7, BRKEE Roltufind o sBhsor

total sudjacentdoean,obr whieintthe thatmall etement,tandcwheseih tfhéleeh$@SIGQ:0ﬂﬂglflmd6. 10
. The catheter aEaratusg%cla ml\/\? rein the the el emen

conf i gur@dneryt CH@B %m%sf atlepst R0t NeRRPAT_YS AT %‘ieerSH?% §§? one of
radi of requency energy, mcrowave energy, ult rasound energy, l|aser/light

energy, thermal fluid, and cryogenic fluid. 57856-8021 WO00/ LEGAL1 7467783
1 -94-11. Theb.cat heteecathpfmarappasatol aflciaim 4 wiieeeieithetseesohisratdéast| grmeeoft

conpri ses, an el ectrode for | yi ng radi of requency ener y to tissue. 12 .
The. cat HoIERPEIBHAP SEH80DIMEPARRYa SERTAT REIC SREPPY OF 8t SR Gbaque mar ker
configured to facilitate angi ographic visualization of the catheter

apparatus. 13 . The catheter apparatus of claim21 wherein the handle
assenbly conmf.i sesThe catheter appanatesi of f tdia@imekorigrdt edcamafisingnal feedibackur ed

t t at he el ted. shaft about th tati t he,_handl
asertbl oA SRGTE) SR b1 8, BRcAFATERh SeVBER 1rihe Tk (Hgoer ol
confi gurgd éﬁ)sé)fcﬁfﬁ@%oﬁi%r@alﬁy?aﬂfetérhe el ongated shaft beyond a

er

predeterm ned nunb revolutions. 14. The catheter apparatus of claim1l
wherein the catheter appar atus is a

7. The catheter apparatus of claim 6 wherein the feedback control system
comprises an algorithm for controlling output of the thermal energy source.

8. The catheter apparatus of claim 1 wherein the flexure control element
and the flexible structure are configured to mutually create, via the first flexure zone
and the second flexure zone, a stabilizing force between the thermal element and
the tissue surface.

9. The catheter apparatus of claim 8 wherein the stabilizing force causes
at least twenty-five percent of the total surface area of the thermal element to
contact the tissue surface.

10. The catheter apparatus of claim 1 wherein the thermal element is
configured to apply treatment to the tissue region using at least one of
radiofrequency energy, microwave energy, ultrasound energy, laser/light energy,
thermal fluid, and cryogenic fluid.

57856-8021.WOOO/LEGAL17467783.1 -94-



conponent of a nedical treatnment kit, and wherein the nedical treatnent kit
further conprises a cable configured to electrically connect the catheter
appar at uswoaotogst7ier mal energy source and a di spersi vePETaSRo0Me334
configured to provide a return path for an energy field fromthe catheter
apparatus. 15 . The catheter apparatus of claim1, further conprising

instructions fQr deid V@rtrhét@rtémoa‘rétdsetcﬂrcl@nﬁanam%remt thed therahl aldraedt of
the patient and at |east partially denervating a kidney of the patient

corr espcﬁﬂﬂnm@e@oﬁﬂ fleciredaforaarRlyipg radiofreguentieeneigy datiseee. a condition
associated wth at |east one of hypertension, heart failure, kidney
di sease, chronic renal failure, synpathetic hyperact Ivity, diabetes,

met abol i ¢ di s\ derThacatnstéimappastus @frm@mmdlfafthemfc@ﬁmrism andaduopaque
cardi o-renal syndrone. 16 . A catheter apparatus, conprising: a thernmal

el enent ;MarkesCORtGHed tafagititats aegigoraphig hﬁ'ﬁga%ﬁt@k‘l@c th%ﬁétr&t%f aprAratuSexur e
zone separating the thermal elenent and the el ongated shaft, wherein the
distal flexure zone is configured to carry the thermal el ement and

facilitate stel e Trntatiheteet ygeiratuse of haaimml 1 elveomii thed hantlies agsermbhf ace,
and further wherein the distal flexure zone conErlses a flexible structure
t hat accOMRERSe3 rpé%t@r wouples, e éhe r?'ﬁ"r‘@atﬁﬂaﬂéa 209eCaigUreghdo, Totaig the

7467783% @aﬁe&l@ Bb&ﬁ‘tet;@églﬁ%% Jo gcfhebﬁ msg?és%?n&ghe@g&%ﬁérsmem

and the ue surface e ca ppar at us cla erein the
f | exi bl ehetrotatdbrucempsisew af rajaticrd| fliotiting etemeninednfiglegd ¢ée preveritl retatiom 6ff om

the axis het er aratus of claijm 16 wherein the distal
oo o togielorigaled shalPEyond S eue el MUacBrARET 8] BV Bom the. of angat ed
shaft. 19 . The catheter apparatus of claim 16 wherein the distal flexure

zone is configured to facilitate stable contact between a side of the
t hermal el enetdt. anbhe beathetersappasatusanfeciair® .1 Wiheretatheetathetgyppatatsisd$ acl ai m

16 wherein the fl X|blesruc ure C rises a pol yner. 1. Th t het er

appar at dOTROTAhe e YRATRE! K cichhBewn Hoe HHedical treatmesb e o

pol ynmer dopgads a cable configured to electrically connect the catheter apparatus to the
thermal energy source and a dispersive electrode configured to provide a return path

for an energy field from the catheter apparatus.

15.  The catheter apparatus of claim 1, further comprising instructions for
delivering the catheter apparatus into a renal artery of the patient and at least
partially denervating a kidney of the patient corresponding to the renal artery to treat
the patient for a condition associated with at least one of hypertension, heart failure,
kidney disease, chronic renal failure, sympathetic hyperactivity, diabetes, metabolic
disorder, arrhythmia, acute myocardial infarction and cardio-renal syndrome.

16. A catheter apparatus, comprising:

a thermal element;

an elongated shaft extending along an axis; and

a distal flexure zone separating the thermal element and the elongated shaft,
wherein the distal flexure zone is configured to carry the thermal
element and facilitate stable contact between the thermal element and
a tissue surface, and further wherein the distal flexure zone comprises

a flexible structure that accommodates passive flexure in any plane
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22. The catheter apparatus of claim2 1 wherein the polyner thread

mechani cal ly couples the flexible structure to at | east one of the thernal
el enent awo 20tven78176ngat ed shaft. 23. The cat heter appar aCuaisedosnbasm 2 1
wherein the polynmer thread conprises a Kevlar thread. 24. The catheter
apparatus of claim 16 wherein the flexible structure further conprises a
pol yner |am nate, theRighntheOsxis RR@ING. cothactThstweahhebethefngs@nt inactnal m 24
wherein the polynmer |am nate, coating, or sheath conprises carbothane.
57856- 8021 WO00/ LESAUE SPAf@?e83 126. The catheter apparatus of clai m 24
wherein the flexible structure further conprises a netal coil. 27. The

cat heter apparatus of claim 16 wherein the thermal elenent is configured to

apply treatmert. t ol ichtster bppauadfagsint 1eowhbeeii i theuexstief staectued Ry at
| east one of radjofrequency energy, mcrowave energy, ultrasound energy,

| aser /| iGpMfigErRs {9y UpttAdtinely deorees obliRkuce fiogeHiecaXifui d. 28. The cat heter
apparatus of claim 16 wherein the thermal el enent conprises an el ectrode
for applying radi ofrequency energy to tissue. 29. The catheter apparatus of

claim 16 whereg.n tTee cathuéecapparanstofsclain a6 ameesiantheotiistal niskiueal zone
treatment kit, and wherein the nedical treatnent kit further conprises a
cabl e colestfarlbaiselates k@ theeap! ¢lemgmdom theelergaiedeshalppar at us to an

energy source and a di spersive el ectrode configured to provide a return
path for an energy field fromthe catheter apparatus. 30. The catheter
appar at us of 19.ai MTHS cathgtéhapparatqy of tlhagmi 16 Wwheedinahe distal fekureezoneist he
cat heter apparatus into a renal arter¥ of the patient and at | east

parti al 1GPNdgHERD, & fagitate giakle copfaqt hetwaen entide F e Kisndieh§laneertand ifal
artery tipslEatiabBe patient for a condition associated with at |east one of
hypertension, heart failure, kidney disease, chronic renal failure,

synpat heti c hyperactivity, diabetes, netabolic disorder, arrhythma, acute
nyocardi al infarctjon and cardi o-renal ,syndrone. 3 1. The cat heter

appar at us of 4J-ai %%ﬂé@%r ARAREAlYSs Ph| @'Fb)ﬂ[grsé"%ﬁ@ e flexRle R GSEres r om
about Z_dgn%,iiggtgbayh{érabout 5 mllimeters. 32. A catheter apparatus,
conpri si ng:

21. The catheter apparatus of claim 20 wherein the flexible structure

further comprises a polymer thread.
22. The catheter apparatus of claim 21 wherein the polymer thread
mechanically couples the flexible structure to at least one of the thermal element

and the elongated shaft.

23. The catheter apparatus of claim 21 wherein the polymer thread

comprises a Kevlar thread.

24. The catheter apparatus of claim 16 wherein the flexible structure

further comprises a polymer laminate, coating or sheath.

25. The catheter apparatus of claim 24 wherein the polymer laminate,

coating, or sheath comprises carbothane.
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an el ongated shaft extending along an axis and conprising a controlled

fl exure zone and an unrestrained flexure zone coupled to and extendi ng

di stal | y woamodigr7sontrol | ed fl exure zone, the el ongat e#CThmbaossswed and
configured for intravascular delivery into a peripheral blood vessel;
57856- 8021 W00/ LEGAL1 7467783 1 -97-wherein the unrestrained flexure zone

i's configuredg.o Chid \tdtthstet Ngyparatuel 6MBIMIm \HaefigHareinhene areixitné | stelidtlexur e
zone is sized and configured for placenent into contact against a first

wal | redbBRegompEseenim@ial Pil-bl ood vessel and, in response to application
of a force applied by a renotely controlled elenent, for flexure relative
to the axis in a predetermned radial direction away fromthe first wall

region towar @@ setmdawrdter bppaiudioftdiginpeln pihereih theov@rvesstdmaengr al |y
opposite to the first wall I on; wherein the unrestrained flexure zone is

si zed ar®@néigHracyter éﬁplymm@ﬁgt%@ﬂtsﬁﬁﬁIrég'of‘lag@ﬁ@tzt@ﬁ@e itigsi e stirfage using
t h f
o021t 4l Sle U5 L OBRL Il Eo e X USROS e

wal | r edaser/lighhénelgs, thernidhduioshdariegerfit @uidr e zone is configured to

apply, when in flexure against the first wall region, through the
unrestrained flexure zone a stabilizing force to the thermal el enent

agai nst the Fone d{ﬂ@'datﬁé’cgf a$§tusTBf’ (qulhhe]tf)erwf?é?‘ d ‘i’ﬁé‘%h@{rpﬁl' %'cljé%méere -

wherein the t el enent c rlses a tirst ther el ene

t he cat heineprissaspeaT alectotiefohapplgingpadisésqacsecenergyietisalie el ement coupl ed
to the controlled flexure zone, wherein the second thermal elenent is
configured to contact the first wall region of the peri pheral bl ood vessel.

34. The cathejegr aﬂ@éﬁh@?er%pﬁ%lrﬁhg‘o?%léﬂmef@wg éeﬁﬁ%&@rﬂ?@}%&]s iS a

configured for rotation wthi eri phera vessel

cont r ol lcaanpdresnirod ez oeeidas tnelatrhbeixklt ;earayahesdin tthe rrliedlsal tthenegltdurtmrd

when the thermal el rrent %s in contqcftq?nnththe econd wal | %é wher ei n

rot at i orPORPSRE 8l CRATGWEA: 1 EECTIGEHY GARBEEb MG SRINEIEs F‘BQ% Ug &N

agai NSt éhery SBuKRI bnd SASPedNG BIRESAORENFGSHNBTHTBICE! LRI BEM foFlar?

fourth wall“region, wherein the third egion’is circunferentially
energy field from the catheter apparatus.

30. The catheter apparatus of claim 16, further comprising instructions for
delivering the catheter apparatus into a renal artery of the patient and at least
partially denervating a kidney of the patient corresponding to the renal artery to treat
the patient for a condition associated with at least one of hypertension, heart failure,
kidney disease, chronic renal failure, sympathetic hyperactivity, diabetes, metabolic

disorder, arrhythmia, acute myocardial infarction and cardio-renal syndrome.

31.  The catheter apparatus of claim 16 wherein the distal flexure zone has
a length of from about 2 millimeters to about 5 millimeters.

32. A catheter apparatus, comprising:

an elongated shaft extending along an axis and comprising a controlled
flexure zone and an unrestrained flexure zone coupled to and
extending distally from the controlled flexure zone, the elongated shaft
sized and configured for intravascular delivery into a peripheral blood

vessel;
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offset fromthe first wall region and the fourth wall region is
circunferentially offset fromthe second wall region, and wherein the third
wal | regiwo 200/0geriéral | y opposite the fourth wall regi oRCTARIHOABDBIL

WO00/ LEGAL1 7467783 135. The catheter apparatus of claim 32 wherein the
remotely controlled el enent conprises a wire coupled to a distal portion of

the control | eghdrefx i@ urrastraingd idarei roridas furgigupdPlio eshrby théethvirmegl 1s a
bendi ng or conpressive force against the controlled flexure zone. 36. The

cat het er appar at u€lefedliai m 32 wherein the controlled flexure zone

. . gt v bi Ct 37,
comr i ses. & LR EATER Y00 1 5085 ARSI BT LR R 7,
a laser-cut netal domtact &Rfinstheficanadtregioapfahatpgsiphérat lbbood Bdssahend] im t he

| aser-cut nmetal tube conprises a spine and a plurality of ribs, and wherein
the directional | y-T6PRQRRE 49 FANKEIUOHOTtH dOtaghaPRiied et ierotely aerErliathed

by the | ocation of pifpend e i h I i i ‘the
t ubul ar struct ure.el%@%nﬁ‘hgd?cg%%hergaeté}%ﬂﬁ\{)&;rtgt?tﬁse %Fgcmfém%%d%g@ﬁ t eh];SII
t ubul ar struct ur e ditactioeraveaynpoinstes fastpebl negioh daowvamt 8 secoad iwall regicsheiat h.

40. Th t het t laim 32, f h np[i Si
d) acont Lo, on. aRBRRTRIRr RISac el OERSIRLMBPPRREF W EeaT WALFeURor i s
configured t QyRBir e %rﬁéétﬁé‘fﬁ%_ﬁrﬂ&uré‘tzdr@% SR %th@ﬁfl@%fP@cﬁ,aWH%naﬂfé t he

peri pheral blood vessel. 4 e catheter apparatus of claim 40 wherein
t he sensor conpri sentratled dexurerzonef isaint éepaeaagaissts thes dirst watheeginoe for

sensor, optical sensor, or m.cro sensper..42. The catheter apparat of claim
20, Turther compr rarRgranedates "Bt i Tis efBPcuAkr cLrER G0 ki hermal
treatment deliverefetent hﬁobbﬁ@@?agéﬁhfsﬁ% ddtoh8sPsINgR)idrd drige noni t or ed
paraneter. 57856-8021 WO00/LEGAL1 7467783 143. The cat heter apparatus of

cl ai m 42 wherwhereiméng cenisaded dexuicororg 38 eiondiguind Keapaly, avhgst in fexgrer
ot ol 09 o Putadiind Rl AL Il BRRIENAAS fre Hfiect GRYBRIE! Jgppar at ue

of claim 32 wherei " "el e ured to app treatfent to
neural tissue adj agtaitizihg forlee toene el eldroect agssstithe second wall region.

33. The catheter apparatus of claim 32 wherein the thermal element
comprises a first thermal element, and wherein the catheter apparatus further
comprises a second thermal element coupled to the controlled flexure zone, wherein
the second thermal element is configured to contact the first wall region of the

peripheral blood vessel.

34. The catheter apparatus of claim 32 wherein the elongated shaft is
configured for rotation within the peripheral blood vessel when the controlled flexure
zone is in flexure against the first wall region and when the thermal element is in
contact with the second wall region, wherein rotation of the elongated shaft positions
the controlled flexure zone against a third wall region and positions the thermal
element against a fourth wall region, wherein the third wall region is circumferentially
offset from the first wall region and the fourth wall region is circumferentially offset
from the second wall region, and wherein the third wall region is generally opposite

the fourth wall region.
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using at | east one of radi of requency energy, mcrowave energy, ultrasound
energy, laser/light energy, thermal fluid, and cryogenic fluid. 45. The
cat het er wpparet7ssof cl ai m 32 wherein the thernal el emeoT/UseoNPNsS3E an
el ectrode for applying radi ofrequency energy to tissue. 46. The catheter
apparatus of claim 32 wherein the catheter apparatus is a conponent of a

nmedi cal treat3ent Kid caditdemvappardius tf ¢@ich G2 wheksih Bt rdmdtefyu tdiedlied
conprises a cable configured to electrically connect the catheter apparatus

to an erfleqenscampaisand wirgicopeles (radisiat pedionceinthegenniwlled flgxuie aene,
return : i f : r:Tel ek

cat het epaq’{ad;)\/p\)'érgé 'ﬁ@%fkﬁégé%'%éfﬂ)yfthrg'széé:%c%%pla@%n% |ns{)'%§(g:$/|eof§gcef %Qﬁnst

del i ver ithg cohtrolied fietwre zopear atus into a renal artery of the patient and at
| east partially denervating a kidney of the patient corresponding to the
renal artery to treat the patient for a condition associated with at |east

one of hypertgnsi f.al i ' e | | . fajdure,
synpat heti c hﬁer ac el efﬁﬁ%?erﬁggg%@g,&ncg@g%%?i\@%g?@otpggrbﬂﬂgﬁeriﬁgﬁ‘]nrieaﬁdaecut e
myocar dicmprigesr & tubuharestclotarediaving a alirestiowkl lyrwiasdd stiffiressc at het er appar at us
of claim 32 wherein the controlled flexure zone has a | ength of from about

5 mllinmeters to about 15 mllinmeters. 57856-8021 WX0O0/LEGAL1 7467783 1 -
100- 37. The catheter apparatus of claim 36 wherein the tubular structure

comprises a laser-cut metal tube.

38. The catheter apparatus of claim 37 wherein the laser-cut metal tube
comprises a spine and a plurality of ribs, and wherein the directionally-biased
stiffness of the tubular structure is determined by the location of the spine in relation

to the plurality of ribs on the tubular structure.

39. The catheter apparatus of claim 32 wherein the tubular structure
further comprises a polymer laminate, coating or sheath.

40. The catheter apparatus of claim 32, further comprising a sensor
adjacent to, on, or within the thermal element, and wherein the sensor is configured
to monitor a parameter of at least one of the apparatus and the peripheral blood

vessel.

41. The catheter apparatus of claim 40 wherein the sensor comprises at
least one of a temperature sensor, impedance sensor, optical sensor or micro

Sensor.

42. The catheter apparatus of claim 40, further comprising a feedback
control system configured to alter treatment delivered to the tissue surface in

response to the monitored parameter.
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43. The catheter apparatus of claim 42 wherein the feedback control
system comprises an algorithm for controlling output of the thermal energy source.

44. The catheter apparatus of claim 32 wherein the thermal element is
configured to apply treatment to neural tissue adjacent to the peripheral blood vessel
using at least one of radiofrequency energy, microwave energy, ultrasound energy,

laser/light energy, thermal fluid, and cryogenic fluid.

45. The catheter apparatus of claim 32 wherein the thermal element
comprises an electrode for applying radiofrequency energy to tissue.

46. The catheter apparatus of claim 32 wherein the catheter apparatus is a
component of a medical treatment kit, and wherein the medical treatment kit further
comprises a cable configured to electrically connect the catheter apparatus to an
energy source and a dispersive electrode configured to provide a return path for an
energy field from the catheter apparatus.

47. The catheter apparatus of claim 32, further comprising instructions for
delivering the catheter apparatus into a renal artery of the patient and at least
partially denervating a kidney of the patient corresponding to the renal artery to treat
the patient for a condition associated with at least one of hypertension, heart failure,
kidney disease, chronic renal failure, sympathetic hyperactivity, diabetes, metabolic

disorder, arrhythmia, acute myocardial infarction and cardio-renal syndrome.

48. The catheter apparatus of claim 32 wherein the controlled flexure zone
has a length of from about 5 millimeters to about 15 millimeters.
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