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cat heter addptied $¥$% used in a nme\hod for locating or identifying a
functional nerve innervating the walN of a blood vessel in a subject,
conprising a shaft, wherein the proxi '- 5 end of said shaft is conflgured
to be.connbt ey Aneteneryy! sleurcé:t. ankgrahehdist af beﬁddwéiéairrﬁ@ubpﬂmp)nmf
Pongs hav iR SFui@hEng) naribaded BONE T HR S8 irdin hbhRuRai,
the one orcofiogier8h@C Whoees sal %1&&6&(':59&&5%@1(1@1%'[ Sd@ﬂe{ﬁlg)ﬁl stk Chreind of Ghe
stinulate or_ablate a nerve on said vessel, \3, The catheter of any one of

cl ai rrs\/\her‘éﬁﬁbetiﬁe“ﬁ@%thié?ﬂ@égqnay be activat ed i ndependently of one anot her.
154. The catheter of any one of claim1-3, wherkin the entire catheter is
between | and 2 in in length, wherein the catheNer tip is between 2 and 8
cm i 6.l endtik, caamhrbe‘tmme@fﬁ aims AR liGrdvh nhd dediNgletier ¢vebly Sheedcdbhetler of

an one of clai 4 rei the coil of said h- iX or said prongs are
y length O?Edk coil at ‘~? or 1&)" from each other, P 9

7. The catheter of any one of claims 1-6, whercin the catheter tipNs configured to hold a

balloon juflatable to fill the space withim the coil of said helix or prongk,
0 8 The catheter of any one of claims 1-7, wherein said prongs are rejoined at th\distal end.

9. Use of the catheter of any one of claims 1-8 for locating or identifying a functidgal nerve

innervating the wall of a blood vessel in a subject, comprising the steps of:

35 a. Inserting said catheter nto said blood vessel and activating the electrodes on thy
catheter to deliver energy to one or more locations on said vessel wall sufficient to
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20 substantially round or flat in shape, and the el ectrodes are spaced
Rl ong the length of said coil or prongs, wherein said el ectrodes are
exbedded wo 20m/030T#8i | or prongs, or tie on the surface ®CTanod2emBio or
prdogs. 6. The cat het er of @n%rgngvofiqLaiqgwl-5 ,m@gngﬁt the electrode
areNevenly spac@dal Sig tHE" PoT NGB DI EET S @8I AN ¥h" T TG Pt Sk h
other\ 7. The cathebet sphpanyioRGaefsyeipaihbBe dorbe; apberein the catheter tip
is con\igured to hold a balloon inflatable to fill the space within the
coi | of \sdl-d heYpseuspg prignys. o3u8reThkystdetiet arargpetgityaivhe29f cedray weligery,
wherein Said prongs.are.leielned at.. di s 9. Use of .the cat er
of any one\of "t et ybELRt PRt e bt Hhieoitly ArkRlel otk BEH
i mner vat i ng\t he:nwadyldebiferg tbkoodeseissel in a subject, conprising the steps
of : 35a.InseNing said catheter into said blood vessel and activating the
el ectrodes on\  he catheter to deliver energy to one or nore |ocations on
sai d vesseg], uf £¢ glent i+t Q; <R O3 6T LB204 2/ 054310.. et one
o mor e phy TS el B B R S A I R RO B PR G
vessel by a fsympaNhetive ar tipal@syopatfhetdrgy nefivery, andidniMeas ubhamgy saisdidone
or nore physi.ol ogi dal paraneters ft@f”egcroeneg Y,deiVeﬁﬁ,, Lerve. at. the
and det er HHPREHHE REHAHGES 17 otfvht e e 1as bﬁ‘d?ﬁ‘rg“*pﬁ ArePEF B BIAT 8 the
Wt hout  5epengy #ehédRIdit @y Salddhy agselon Jf HRRIEhNaR RSHIQfc¢ BaRgR d-Nirsai d
physi ol ogi cal paranetexs in step b indicates the absenée of a functional
nerve at td%p b delatiions BX rener gybedehipadieyc oapalagninpatiosist at dhvalegetidrmoisaictzy
physiologLﬁﬁ%e<araneters {Nn step b indicates the presence of a functional
nerve at the 0 location\Qf energy deliveiy, and the direction of change
in said physiological parangters in step b determ nes the nerve to be
synmpat hetic or parasynpathetN\c at the |ocation of energy delivery.
10. THe uskhesfeef g 8, wipremeNi warad sy Bry.igclagingp By artetic] udi ng a renal
rtery. 15 11. The use of\ any one of clains 9-10, wherein said
functional T, is '"related to barogeflex. 12. The use of any one of clains
9- 11,1 iwher@icruss af ey @catfichimk §- AN\ared whefiecdone nyechasidekn tabirafed,
wherein a |lack of change in said pNysiological paraneters in step b
confirms nerve 20abl ati on. 13\ The use of any one of clainms 9-12,
wher ejion sajid Ul %fé}t oh® omaﬁﬁﬁk@mi Ofnd B'SQH%Q&EQ&HH?%I} arca where +fervEs 8§ Of
any one of clainms 9-13, erein sald pyysiological paraneters are sel ected
from 25 bibbodi, priessueéickhdahtngeaneaidgddichgiel patneeal inadty victnyjrmyusclee
%ﬁtivity,d Fgletal nerve activity, actiolN potential of cells, pupi
r¥sponse, ®I%EEtromyol . - 7am vascul ar consiXiction, and |evels of
bl ochk. micals sel ected from epi nephrine, nQrepinephrine, renin-angiotensin
11 and vasopressin. 3015. The use of any one R§f clains 9-14, wherein said
ener gy i s Hufjuis vapiecwed ctuns Psils wibreohgibpulng & ofuredreatikitdaimanpeshani cal |
ultrasonic, radiation, optical and thermal enengies, 16.The use of any one
of clainms 9-15, wherein said energy causes nerve\stimul ation or nerve

abl atidgon. Bh usWO! 201 3AO30A4IRETL L, B2Q124h QBdIhOsiologkal parameters are selected from
25 blood pressure, heart rate, cardiac electrical activity, muscle aNavity, skeletal nerve activity,
action potential of cells, pupil response, clectromyogram, vascuNgr constriction, and levels
of biochemicals selected from epinephrine, vorepivepbrive, reNn-angiotensin I and

VASOPressin,

30 15, 'The use of any one of claims 9-14, wherein said energy 18 adjustable and coNgists of one or

more of elecirical, mechanical, ultrasonic, radiation, optical and thermal energied

16, The use of any one of claims 9-15, wherein said energy causes nerve stimulation or\gerve
ablation.
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17. The use of any one of clains 9-16, wherein said nerve is a synpathetic
r parasynpat hetic nerve, 18, The use of any one of clains 9-17, wherein the
C theter\Nprkﬂ%ﬂEﬂed in the bl ood vessel in 5the foll orcmgBmagoae: (a)

SS fro r wall,to the posteri.or wall of e
S g SR AT R TR R i B SR M ST
arteey, and (c) turnlng 90 or less -fromthe superior wall to the
r wall of the artery. 10 19. The nmet hod of any one of clains 9-18,
he energy delivered falls within the follow ng ranges: (a)voltage

?];) b ?Lg\r,\?e ‘}% O\fégg)f ‘?l gi% é? a,la%é ( p-)i :’ﬁe\ﬁ 15\1%%“{%? C&Ecibie§i3\?sﬁﬂoa‘c%inqgd l]ogqq 95hm§1’

|anperes; (d app I'cation

(a)
(b} g 90° or less from the posterior wall to the superior wall of the artery; and
{¢)
10
19.
(a)
15 (b,

tirne of application between ON and 20 milliscconds.
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What is claimed is

1. Use of a catheter in mapping parasympathetic or sympathetic renal nerve for treatment of
disease caused by systemic renal nerve hyperactivity, wherein said catheter comprises a
shaft, wherein the proximal end of said shaft is configured to be connected to an energy
source, and the distal end (catheter tip) of said shaft is in the form of a single helix,
double helix or multiple prongs having one or more electrodes; said mapping comprises
the steps of:

a. introducing said catheter into the lumen of a renal artery such that the tip of said
catheter contacts a site on the inner renal artery wall;

b. measuring one or more physiological parameters to obtain baseline measurements
before introducing electrical current to the site, said physiological parameters are
selected from the group consisting of systolic blood pressure, diastolic blood pressure,
mean arterial pressure, and heart rate;

c. applying electrical stimulation by introducing electrical current to the site via the
catheter, wherein said electrical current is controlled to be sufficient to elicit changes
in said physiological parameters when there is an underlying nerve at the site; and

d. measuring said physiological parameters at a specific time interval after each
electrical stimulation, wherein an increase of said physiological parameters over the
baseline measurements after said electrical stimulation would indicate that a
sympathetic renal nerve has been mapped at said site; a decrease of said physiological
parameters over the baseline measurements after said electrical stimulation would

indicate that a parasympathetic renal nerve has been mapped at said site.

2. The use of a catheter in claim 1, wherein the electrodes may be activated independently

of one another.
3. The use of a catheter in any one of claims 1-2, wherein the entire catheter is between 0.5

and 2 m in length, wherein the catheter tip is between 2 and 8 cm in length and between

0.5 mm and 10 mm in diameter.
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10.

11.

The use of a catheter in any one of claims 1-3, wherein the coil of said helix or said
prongs are substantially round or flat in shape, and the electrodes are spaced along the
length of said coil or prongs, wherein said electrodes are embedded in said coil or prongs,

or lie on the surface of said coil or prongs.

The use of a catheter in any one of claims 1-4, wherein the electrodes are evenly spaced

along the length of said coil at 90° or 120° from each other.

The use of a catheter in any one of claims 1-5, wherein the catheter tip is configured to

hold a balloon inflatable to fill the space within the coil of said helix or prongs.

The use of a catheter in any one of claims 1-6, wherein said prongs are rejoined at the

distal end.

The use of a catheter in any one of claims 1-7, wherein said mapping further comprises
the step of applying radiofrequency energy through the catheter to the site identified in
step (d) for ablation of the underlying nerve to treat disease caused by systemic renal

nerve hyperactivity.

The use of a catheter in claims 8, wherein said mapping further comprises the repetition
of the steps (b) to (d) on the ablated site , wherein a lack of change in said physiological

parameters confirms nerve ablation.

The use of a catheter in any one of claims 1-9, wherein the catheter tip is moved in the
renal artery in the following sequence:

(a) turning 90° or less from the anterior wall to the posterior wall of the artery;

(b) turning 90° or less from the posterior wall to the superior wall of the artery; and

(c) turning 90° or less from the superior wall to the inferior wall of the artery.

The use of a catheter in any one of claims 1-10, wherein the electrical current delivered

falls within the following ranges:
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(@)
(b)
()
(d)

voltage of between 2 and 30 volts;
resistance of between 100 and 1000 ohms;
current of between 5 and 40 milliamperes;

time of application between 0.1 and 20 milliseconds.
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