Office de la Proprieté Canadian CA 2911235 C 2017/11/07

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 91 1 235
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2014/05/23 (51) CLInt./Int.Cl. A67N 7/05(2006.01),
(87) Date publication PCT/PCT Publication Date: 2014/12/04 AGTN 1/36 (2006.01)

2 1; . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2017/11/07 ROMERO. DANIEL JAMES US

(85) Entree phase nationale/National Entry: 2015/11/04 HOWARD, JOSHUA DALE, US
(86) N° demande PCT/PCT Application No.: US 2014/039433 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2014/193760 BOSTON SCIENTIFIC NEUROMODULATION

CORPORATION, US

(30) Priorte/Priority: 2013/05/31 (US61/829,918)
(74) Agent: SMART & BIGGAR

(54) Titre : CONDUCTEURS POURVUS D'ELECTRODES SEGMENTEES ET PROCEDES DE FABRICATION DESDITS

CONDUCTEURS
54) Title: LEADS WITH SEGMENTED ELECTRODES AND METHODS OF MAKING THE LEADS

(57) Abréegée/Abstract:

A stimulation lead includes a lead body. Terminals and electrodes are disposed along opposing end portions of the lead body anad
are electrically coupled to one another via conductors. The electrodes include segmented electrodes. Each of the segmented
electrodes includes a proximal end, a distal end, an exterior surface, an interior surface opposite the exterior surface, a first side-
wall extending radially between the Interior surface and the exterior surface from the distal end to the proximal end, and a second
side-wall opposite to the first side-wall and extending radially between the interior surface and the exterior surface from the distal
end to the proximal end. At least one of the segmented electrodes defines an open cavity that Is formed along the first side-wall of
the segmented electrode and extends from the distal end to the proximal end, and that facilitates adhesion of the segmented
electrode to the lead body.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




WO 2014/193760 A1 |[HJ 1! HHR A0 RO A B

(43) International Publication Date
4 December 2014 (04.12.2014)

CA 02911235 2015-11-04

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2014/193760 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

(74)

(81)

International Patent Classification:
A6IN 1/05 (2006.01) A6IN 1/36 (2006.01)

International Application Number:
PCT/US2014/039433

International Filing Date:
23 May 2014 (23.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/829,918 31 May 2013 (31.05.2013) US

Applicant: BOSTON SCIENTIFIC NEUROMODULA-

TION CORPORATION [US/US]; 25155 Rye Canyon
Loop, Valencia, CA 91355 (US).

Inventors: ROMERQ, Daniel, James; 11611 Blucher
Ave. Unit 59, Granada Hills, CA 91344 (US). HOWARD,
Joshua, Dale; 9900 Jordan Ave. #75, Chatsworth, CA
91311 (US).

Agent: BLACK, Bruce, E.; Lowe Graham Jones PLLC,
701 5th Ave., Suite 4800, Seattle, WA 98104 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
AYS

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the
claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))

(54) Title: LEADS WITH SEGMENTED ELECTRODES AND METHODS OF MAKING THE LEADS

:-‘_\é"’““'.‘*'x;;;\:. ) i i ‘? T e TN B Y
RN e, v K TR K by LS PR
SO e RSB )
Pofdda t ! i

. S 53

(57) Abstract: A stimulation lead includes a lead body. Ter-
minals and electrodes are disposed along opposing end por-
tions of the lead body and are electrically coupled to one an-
other via conductors. The electrodes include segmented elec-
trodes. Each of the segmented electrodes includes a proximal
end, a distal end, an exterior surface, an iterior surface op-
posite the exterior surface, a first side-wall extending radially
between the interior surface and the exterior surface from the
distal end to the proximal end, and a second side-wall oppos-
ite to the first side-wall and extending radially between the
interior surface and the exterior surface from the distal end
to the proximal end. At least one of the segmented electrodes
defines an open cavity that is formed along the first side-wall
of the segmented electrode and extends from the distal end
to the proximal end, and that facilitates adhesion of the seg-
mented electrode to the lead body.
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LEADS WITH SEGMENTED ELECTRODES AND METHODS OF MAKING THE LEADS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Patent Application Serial
No. 61/829,918, liled May 31, 2013.

FIELD

The invention 1s directed to the area of electrical stimulation systems and leads and
methods of making and using the systems and leads. The present invention is also directed to
electrical stimulation leads with segmented electrodes having internal lead-retention features,

as well as methods of making and using the segmented clectrodes, leads, and electrical

stimulation systems.

BACKGROUND

Llectrical stimulation can be useful for treating a variety of conditions. Deep brain
stimulation can be useful for treating, for example, Parkinson's disease, dystonia, essential
tremor, chronic pain, Huntington's disease, levodopa-induced dyskinesias and rigidity,
bradykinesia, epilepsy and seizures, eating disorders, and mood disorders. Typically, a lead
with a stimulating electrode at or near a tip of the lead provides the stimulation to target
neurons in the brain. Magnetic resonance imaging ("MRI") or computerized tomography
("CT") scans can provide a starting point for determining where the stimulating electrode

should be positioned to provide the desired stimulus to the target neurons.

Atter the lead 1s implanted into a patient's brain, electrical stimulus current can be
delivered through selected electrodes on the lead to stimulate target neurons in the brain.
Typically, the electrodes are formed into rings disposed on a distal portion of the lead. The
stimulus current projects from the ring electrodes equally in every direction. Because of the
ring shape of these electrodes, the stimulus current cannot be directed to one or more specific
positions around the ring electrode (e.g., on one or more sides, or points, around the lead).
Consequently, undirected stimulation may result in unwanted stimulation of neighboring

neural tissue, potentially resulting in undesired side effects.
|



CA 02911235 2015-11-04

WO 2014/193760 PCT/US2014/039433

BEbE SUMBMARY

- T R R TR R R TR R R T R e R R e T e e e W TS T W TR LT L T T wew

la one cwibodipent, a stimniation lead wmctodes a lead body having o longitudmal

surface, a diztal sud portion, & provomal end portion, and a lon ,“_u acinal lenagth, Terminals

ave dhiaposed along the proximal end poriion of the lead body. ciredes are disposed

g

alomg the distal end portion of the lead body, Cenduetors electrically couple the ternunals

L
L £
fiy the electrodes. The electrodes wclude seemeided ectrodes, BEach of the seomented

-.-'. R B e e R R B B i 2 ’ 4"‘ -+ 1'.: g1 T é'(.*’- [} , 4_-"!-\! R - I I R R S
clectrades mclodes a DN vitnad s, g digtal end, an exienior suriace, an interior surtace

g

2 . ,""_ I S ,C b e iy cain :-‘ ) oy ;,--'...,-.; e ’ S . . }" e Ay - *1‘.. - '}..—‘_"v o
opposite the axterior surface, a fiyst side-wall extending radially betwesn the fnterion

o

n_¢ l
puams
e
e
e ot
lad o,
e .,
30K
[ala 2 a s
[P

surface and the cxdenor surfnee from the distal ead (o the proximal end, and a second swde

-

10 wall opposiie (o the Tirst side—wall and extending radially between mierior surlace and the

exterior surface from the disial end to the progmad end. At least one of the segmentad

clectrodes debines at least ong open cavity formed along the tirst zide-wali of the segmenied

"-l

":i

clecirode and extending circuratereniially mowardly and exiendmg from the distal end (o the

1«“ ”‘\iml

" .l’.n

proximal end. The at least one open cavity 1s configured andd soranged to facihiiate

15 ofthe seomented electrode 1o the lead bowdy

-

I another embodiment, a method of making a stimuiation lead wcludes disposing
af least une pre-elecirods along a distal end portion of a lead body, The at least one pre-
slecirode noludes o substantially-cvlindrical body having an ouler surface, o inderios
surtace opposite the onter swrfhce, o proximal end, and 8 distal end. The body meludes g

200 pharality of sepmenied electrodes disposad along the body 1 8 spacad-apart
aifieuration. bach of the plurality of sepmented slectrodes extends between the

proxtmal end and the distal end of the body, Eacn of the phurality of segmented

> body and an exienor suriace,

”a-

cleotrades alao extends between the indenor suriace of the

Fach of the plurality of seamented elecirodes meludes a hirst sade-wall and g secornad sade-

25 wali oppostie 1o the st side~wall, The fst side-wall and the second side~-wall each
cuiend radwslly between the mienor surface and the exterior surtace trom the disial ond 1o
the proxamal end. The plucality o segmented clectredes includes @ st segmenied
slectrode and a second segmenied alectrode. The fust sezmented electrade defines a nirst
open cavity exiending cuwcumderentially wwardly mito the first ssde~waldl fromn the disial

S el to e proximal end. ‘%’ff?sﬁzts_';'1&;%::,'.’.1&1'13 muaterial coupdes e tust segmeniaed elecirode o the

second ceomenied electrode. A cudout s debined along the body between the Dirst
T 4.



10

13

20

25

30

CA 02911235 2017-01-19

33565-67

segmented electrode and the second electrode. Non-conductive material is placed within the

tirst open cavity to facilitate retention of the segmented electrode with the lead body.

In yet another embodiment, a pre-electrode for a stimulation lead includes a
substantially-cylindrical body having an outer surface, an interior surface opposite the outer
surface, a proximal end, and a distal end. A plurality of segmented electrodes is disposed
along the body in a spaced-apart configuration. Each of the plurality of segmented electrodes
has opposing side-walls extending radially between the proximal end and the distal end of the
body. At least one open cavity is defined along at least one side-wall of at least one of the
plurality of segmented electrodes. The at least one cavity extends between the proximal end
and the distal end of the body. Connecting material is disposed along the outer surface of the
body. The connecting material couples each of the plurality of segmented electrodes to one
another. A plurality of cutouts 1s defined between adjacent segmented electrodes of the
plurality of segmented electrodes. At least one alignment feature forms an opening extending

between the outer surface of the body and one of the plurality of cutouts.

In a further embodiment, there is provided a stimulation lead, comprising: a lead
body comprising a longitudinal surface, a distal end portion, a proximal end portion, and a
longitudinal length; a plurality of terminals disposed along the proximal end portion of the
lead body; a plurality of electrodes disposed along the distal end portion of the lead body, the
plurality of electrodes comprising a plurality of segmented electrodes, each of the plurality of

segmented electrodes comprising a proximal end, a distal end, an exterior surface. an interior

surface opposite the exterior surface, a first side-wall extending radially between the interior
surface and the exterior surface from the distal end to the proximal end, a second side-wall
opposite to the tirst side-wall and extending radially between interior surface and the exterior
surtace trom the distal end to the proximal end, at least one of the plurality of segmented
electrodes defining at least one open cavity formed along the first side-wall of the segmented
electrode and extending circumferentially inwardly and extending from the distal end to the

proximal end, the at least one open cavity configured and arranged to facilitate adhesion of the

segmented electrode to the lead body; and a plurality of conductors electrically coupling the
plurality of terminals to the plurality of electrodes, wherein a portion of at least one conductor

of the plurality of conductors is received in the at least one open cavity.
3



10

15

20

25

30

CA 02911235 2017-01-19

55565-67

[n a further embodiment, there is provided a method of making a stimulation lead,
the method comprising disposing at least one pre-electrode along a distal end portion of a lead
body, the at least one pre-electrode comprising a substantially-cylindrical body comprising an
outer surtace, an interior surface opposite the outer surface, a proximal end, and a distal end,
the body comprising a plurality of segmented electrodes disposed along the body in a spaced-
apart configuration, each of the plurality of segmented electrodes extending between the
proximal end and the distal end of the body, each of the plurality of segmented electrodes also
extending between the interior surface of the body and an exterior surface, each of the
plurality of segmented electrodes comprising a first side-wall and a second side-wall opposite
to the first side-wall, the first side-wall and the second side-wall each extending radially
between the interior surface and the exterior surface from the distal cnd to the proximal end,
the plurality of segmented electrodes comprising a first segmented electrode and a second
segmented electrode, the tirst segmented electrode defining a first open cavity extending
circumferentially inwardly into the first side-wall from the distal end to the proximal end,
connecting material coupling the first segmented electrode to the second segmented electrode,
and a cutout defined along the body between the first segmented electrode and the second
segmented electrode; receiving within the at least one open cavity a portion of at least one
conductor extending along a longitudinal length of the lead body; and placing non-conductive

material within the first open cavity to facilitate retention of the first segmented clectrode with

the lead body.

[n a further embodiment, there is provided a pre-electrode for a stimulation lead, the
pre-electrode comprising: a substantially-cylindrical body comprising an outer surface, an
interior surface opposite the outer surtace, a proximal end, and a distal end; a plurality of
segmented electrodes disposed along the body in a spaced-apart configuration, each of the
plurality of segmented electrodes having opposing side-walls extending between the proximal

end and the distal end ot the body; at least one open cavity defined along at least one side-wall
of at least one of the plurality of segmented electrodes, the at least one open cavity extending
between the proximal end and the distal end of the body; connecting material disposed along
the outer surface of the body, the connecting material coupling each of the plurality of

segmented electrodes to one another; a plurality of cutouts defined between adjacent

3a
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segmented electrodes of the plurality of segmented electrodes; and at least one alignment

teature formed between the outer surface of the body and one of the plurality of cutouts.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the present invention are
described with reference to the following drawings. In the drawings, like reference numerals

refer to like parts throughout the various figures unless otherwise specified.

For a better understanding of the present invention, reference will be made to the
tollowing Detailed Description, which is to be read in association with the accompanying

drawings, wherein:

FIG. 1 1s a schematic side view of one embodiment of a device for brain

stimulation, according to the invention;

F1G. 2 1s a schematic perspective view of one embodiment of a portion of a lead

having a plurality of segmented electrodes, according to the invention;

FIG. 3A 1s a perspective view of a second embodiment of a portion of a lead having

a plurality of segmented electrodes, according to the invention;

3b
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found 1n, for example, U.S. Patents Nos. 6,181,969; 6,516,227; 6,609,029; 6,609,032;
0,741,892; 7,244,150; 7,450,997, 7,672,734; 7,761,165; 7,783,359; 7,792,590; 7,809,446
7,949,395; 7,974,706; 8,175,710; 8,224,450; 8,271,094 8,295,944, 8,364,278; 8,391,985; and
8,688,235; U.S. Patent Applications Publication Nos. 2007/0150036; 2009/0187222;
2009/0276021; 2010/0076535; 2010/0268298; 2011/0005069; 2011/0004267; 2011/0078900;
2011/0130817; 2011/0130818; 2011/0238129; 2011/0313500; 2012/0016378; 2012/0046710;
2012/0071949; 2012/0165911; 2012/0197375; 2012/0203316; 2012/0203320; 2012/0203321;
2012/0316615; 2013/0105071; and 2013/0197602.

In at least some embodiments, a practitioner may determine the position of the target
neurons using recording electrode(s) and then position the stimulation electrode(s) accordingly.
In some embodiments, the same electrodes can be used for both recording and stimulation. In
some embodiments, separate leads can be used; one with recording electrodes which identity
target neurons, and a second lead with stimulation electrodes that replaces the first after target
neuron identification. In some embodiments, the same lead may include both recording

electrodes and stimulation electrodes or electrodes may be used for both recording and

stimulation.

Figure 1 illustrates one embodiment of a device 100 for brain stimulation. The device
includes a lead 110, a plurality of electrodes 125 disposed at least partially about a
circumference of the lead 110, a plurality of terminals 135, a connector 130 for connection of
the electrodes to a control unmit, and a stylet 140 for assisting in insertion and positioning of the
lead 1n the patient's brain. The stylet 140 can be made of a rigid material. Examples of suitable
materials for the stylet include, but are not limited to, tungsten, stainless steel, and plastic. The
stylet 140 may have a handle 150 to assist insertion into the lead 110, as well as rotation of the
stylet 140 and lead 110. The connector 130 fits over a proximal end of the lead 110, preferably

after removal of the stylet 140.

The control unit (not shown) 1s typically an implantable pulse generator that can be
implanted into a patient's body, for example, below the patient's clavicle area. The pulse
generator can have eight stimulation channels which may be independently programmable to

control the magnitude of the current stimulus from each channel. In
7
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some cazes the pulse generalor may Rave more o fower than eight stimulation channels

(oo, A4 6o 16-, 32 or more stunalidion channels), The control umit may nave ong, two,
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In one example of operation, access (o the desirad posiionn the brain can be
accomplished by ditlling a bole w the patizat’s skull or cranm with a crantal dridl

(commoenly referred to as 3 bure), and coagalating sand ncisng the dura mater, or hramn
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coveriz., The lead 110 cann be mserted mnto the cramuuin and braim tissue with the

sssistance of the stvlel 140, FThe lead 110 can be goided (o the target location within the
brain using, for example, a sterectactic frame and o wncrodnyve motor system, 1 soms
smbodiments, the mucrodrive moior svetem can be hudly or pariialiy automane, The

rocredrive motor system way be configurad 10 peviorm ong o more the foHowing actions

{atone or in combination): mser? the lead 110, retract the lead 110, or rotate the lead 110

ln sorne smbodunents, measurement devices coupled to the museles or othey
tissues stimuldated by the target neuvons, oF a unil yesponsive o the patient or chimoian,
cant be coupled o the conlrol vt oy sncrodnve medor systenn. The msasurament device,
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The lead 110 for deep bramn stimuiaiion can incloede stimudation electrodes,

recording elecirodes, or bothy i at lesy some embodiments, the fead 110 rotatable 50

that the stiroalation electrodes cap be aligned with the marget peurcns afier the newons

have beon located using the recording slectrodes,

Stiymntlation elecirades may be dizposed on the crrcwnierence of the lead 110 10

stimudote the wrget newron:, Stimulation electrodes may be ring-shaped so that carrem
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current 1o be directed to only one side of the lead, Segmented alectrodes, however, can
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stunulation. The lead 280 inclndes a lead body 215, one or woove opiiomal rie electrodes

220 and 3 plurality of sets of sepmiented electrodes 236, The lead body 210 can be
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formed of a bocompatible, non-conductng malerial such as, for exunpie, a polvieric
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The clectrodes may be mads using a metal, alloy, conduriive oxide, or any ather

Hle conductive hocompatibie material. Uxamples of suitable mgterials melade, bt
are not limited to, platimarn, platinum mdiom alloy, wdormn, ttaniam, tungsten,

25 palladiae, or the ke, Preferably, the electrodes ave made of a matenial that s
brocompatible and dows not substantially corvede under expectad operating condiiicns o

the operating environment for the expected duraiion of use.

Lach of the electrodes can sather be vsad or onused (OEFF L When the electrods 13
uzed, the elecirede can be used as an anode or cathode and carry anodic oy eathodie

30 curvend. o somns mstenees, an clecirods misht e an anode for o poriod of time and o

cathode for a pened af e,
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Stimulation electrodes in the form of ring electrodes 220 may be disposed on any part
of the lead body 210, usually near a distal end of the lead 200. In Figure 2, the lead 200 includes
two ring electrodes 220. Any number of ring electrodes 220 may be disposed along the length
of the lead body 210 including, for example, one, two, three, four, five, six, scven, eight, nine,
ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen or more ring electrodes 220. It will be

understood that any lumber of ring electrodes may be disposed along the length of the lead body

210. In some embodiments, the ring electrodes 220 are substantially cylindrical and wrap
around the entire circumference of the lead body 210. In some embodiments, the outer
diameters of the ring electrodes 220 are substantially equal to the outer diameter of the lead
body 210. The length of the ring electrodes 220 may vary according to the desired treatment and
the location of the target neurons. In some embodiments, the length of the ring electrodes 220
arc less than, or equal to, the diameters of the ring electrodes 220. In other embodiments, the
lengths of the ring electrodes 220 are greater than the diameters of the ring electrodes 220. In
other embodiments, the lengths of the ring electrodes 220 are greater than the diameters of the
ring electrodes 220. The distal-most ring electrode 220 may be a tip electrode (see e.g., tip
electrode 320a of Figure 3C) which covers most, or all, of the distal tip of the lead.

Deep brain stimulation leads may include one or more sets of segmented electrodes.
Segmented electrodes may provide for superior current steering than ring electrodes because
target structures in deep brain stimulation are not typically symmetric about the axis of the
distal electrode array. Instead, a target may be located on one side of a plane running through

the axis of the lead. Through the use of a radially segmented electrode array ("RSEA"), current

steering can be performed not only along a length of the lead but also around a circumference of
the lead. This provides precise three-dimensional targeting and delivery of the current stimulus
to neural target tissue, while potentially avoiding stimulation of other tissue. Examples of leads
with segmented electrodes include U.S. Patent Application Publication Nos. 2010/0268298;
2011/0005069; 2011/0130803; 2011/0130816; 2011/0130817; 2011/0130818; 2011/0078900;

2011/0238129; 2012/0016378; 2012/0046710; 2012/0071949; 2012/0165911; 2012/197375;
2012/0203316; 2012/0203320; and 2012/0203321.

10
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plurality of seemented elecirodes 230
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between corresponding electrodes of different sets of segmented electrodes 230 along the length of
the lead 200 may reduce uncertainty as to the location or orientation between corresponding
segmented electrodes of ditferent sets of segmented electrodes. Accordingly, it may be beneficial to
form electrode arrays such that corresponding electrodes of different sets of segmented electrodes

along the length of the lead 200 are radially aligned with one another and do not radially shift in

relation to one another during manufacturing of the lead 200.

Figure 5 1s a side view of another embodiment of the lead 200 having a plurality of stets
of segmented electrodes. As shown in Figure 5, individual electrodes in the two sets of segmented
electrodes 230 are staggered relative to one another along the length of the lead body 210. In some
cases, the staggered positioning of corresponding electrodes of different sets of segmented

electrodes along the length of the lead 200 may be designed for a specific application.

A number of issues can arise in the manufacture of leads containing segmented
electrodes. For example, it may be difficult to maintain the position and spacing between segmented
electrodes during or after manufacture, particularly during operations in which parts of the lead
body are heated for reflow. The segmented electrodes may shift within the heated polymer, altering
the spacing between segmented electrodes. 'urthermore, electrode retention after manufacture may
be of concern. Segmented electrodes and methods of manufacture can be designed to address these
and other issues. For example, U.S. Provisional Patent Application Serial No. 61/356,529, provides

some examples of segmented electrodes and method of manufacture.

As herein described, the segmented electrodes can include one or more lead-retention
features that facilitate retention and maintenance of the positioning and spacing of the segmented
electrodes during or after (or both during and after) manufacture. During manufacture, the lead-
retention features can be at least partially filled (preferably, completely filled) with material from
the lead body or other portions of the lead to facilitate maintenance of the positioning and spacing,

as well as retention, of the segmented electrodes.

Sets of radially-disposed segmented electrodes can be formed from pre-electrodes.

Figures 6A-10C illustrate embodiments of pre-electrodes and sets of segmented
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[he pre-elecivade 600 woludes mdividial sepmented electrodes 017 jomned by

connecting msterial 614, The conpecting matorial ¢14 can be removed (or example, by
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formed alones ab feast o portion of the side-vwall of at least one of the scamenied slecirodes
’ ) - A

The one of more opeg cavities may enhance lead retention by cilitating adhesion
of the materal of the lead body 1o th

~electrode (pror 1o removal of the contscting

neted electyodes (afier removal of the

Sy

material i, and {0 (he seed

connacting matenal), o
at least some embodimnents, the open cavilies are conliguy

ity retain
a portion of one

of more conducions (see ¢ 2, Flgures TA-TUY o af least seme

it the one or more of the open cavilies provide one or mere clectrical
coupling witerfaces for coupling one or mors portions of one of more conduciors 1o a
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Fionres 04-00 tustrate cutouts that are clovershaped 1 frgasverse cross-seciion
with mulit-lobed perttneters 617 that detine a laderal lobe 618 snd one

OT e side lobes

G20, The side lobes 620 are configurs

1o form opposia

e

2 ocaviites {020 1 Figures 61060
defined along side-walls (6223 and 622b in Fignres 6068 of abuthog segmented

sotrodes 612, The Iateral lobe 618 18 posttioned along a lateral penphery of 1he catout

moved, the lateral lobe 618 opens o

G616 such lli'J, when tne ¢ a”lﬁ!:i‘k["ﬁh maierial 614 i< e

the outer suriace 606 of the pre-clectrode. Do at loast

some embodiments, the ferd Tob
GEN extends at least partzally oo

the connsciing walerial ©

:r---‘.

4 such that, when the

connecting material 614 18 removed the latersd lobe 618 1 at least partially removed along

2 with the connecling matenal 014, In ad leasi some embodiments, when the connecting
miatertal @14 i removed the one o moers side lobes &7

5 S reman intact

The pre-electrode 60U forther welades o nere channels 628 formed in e

Fhere muay be one, v

e, dour, of more channels tormed

The numiber of channzis moeach segmeniag
25 electrads may be the saros or different from the number of

channels m other segmented

.A..

The one oy more channels can funchion ax lead-retention fealures by allowing

s material from the lead body dnelading spacers positioned, Tor oxas
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within the channels can aloo focilithie maatenance of the postioning and spacing of the

segimented slectrnde,
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In gi least some embodimenss, the aligrnent s 6440 1 entirely dizposed along
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side-walls 7220 and 7220, exiending radwsily between the intenior surlace 704 and the
cxierior surtace 736, 10 will be wnderstood that, although not shown in Figure 740, the
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the nterior surtface 704 of the pre-clectvade 700, The oppoesing side~walls 7700 and 722b
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ave typieally defied by portions of the penimeters 717 of the codouls 716, In at least

some embodiments, when removing the connecting matenal 71, portions of fhe

1 perimeier 717 of the cutouts 716 (paricular]ly the Iaterslomost portions of the perimeier
T17 1 may he removed along with the cormecting material 714, The exierior suriaces 750
of the seemended electrodes 712 are formed from winer portions of the body 702 of the
nre-electrode 700 that previousty abutted the connecting material 714 prior o remwoval of
the conneeting matanal 714,

15 It Figues 70, the lead body 672 includes the longgindingl surface 676, Optionally,
ihe Jead body 672 defines one or more lumens 630 extending along a longiudinal length
of the lead body 0772 and configured to receive a stviet (vee e, 4o Figure 1) Inoat
least some embodiments, the sepmented clectrodes 712 are eaually spaced-apart from ong
snother around o fmmeverse oircomierence of the lead body 672, The extenor surkaves

26 T30 of one of weore of the sepmented electrodes 512 can be mset trom, o extended
outwardly from, the lonettudinal surface 876 of the lead body 6720 In Figure 70U the
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szt ends are tyracally the same proziimal and distal ends as that of

the pre~clectrode along which the segnmenied are disposed (see e.g, Figure 6B
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sipfaces as the ndenior suwrface 204 of the pre~clacirode B08, When the segmenis
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clecirodes are se p,ﬁ;rﬁjif;}t‘: POy s u’i{nht*’t ine channels Y28 exiend SO the e
suviuce 204 of al least one of the sepmented electrodes 212 such that the chanpels Y28

cextend along at legst 308G, 40%, 5094 60% 708, 8% S0% or mure 0 circinmisrenid

leneth of the wiscior suriiee 904 ol the segmented elvctrode.

Fhe opposing side-walls 9200 and Y220 are typecally debhned by porfuwens of the
o -’ v o

pertmeters Y17 of the cutauts @15, o at least some swbodiments, when retnoving the

L

connecting matenal 214,
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muierind 914 The exiernior surfaces 956 of the SIS E 915 gited electrodes Y10 are {ormes fron

ihner pociiong of the body 202 ol i

5
-

connecting matenal 214 prwor o removal of the conmecling wnalera 914,
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angled such ihat, when the connecting matenal %14 s removed, the anghing of ihe sude-

walls facilitaies adbesion betwean the segeented electrodes and the maianal of the fead

podvy, 1o at least some ebodiments, at least one of the sade~walls of ab isast one of the

™

Y

cuiouis forms an angle Y58 with the exierior surtace 956 that 15 greater than 907, In af
least somme cmbodimends, at lzast one of the side-walls of ai least one of the cutouts o
an anzle with the exterior surface 9536 thet 13 at least 940°, 1600 1109, 1209 1369, 1407,
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[ oad least some ewbodinents the pre-clectrede meludes an aligoonent featune

10 foomed as one or more alicnment tabs, Floure S0 dlustrates, in wansverse oross seciion.

au alisnment tab 998 odending radaally outward from the osuter surface B¢ of the body

one o more ahgmment 1abe extend less than the entire length of the pre-electrode from the
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The cutouts TGS have panimetsrs Ee-I extending between adjgeent porlions ¢

the interior surtace 1004 of the preelectrode 1008, BEach cudoud abuts two sepmenied

e

clectrodes with portions of the peruneter 1017 lormung side-walls of those segmenied

\ 4

clectrodes, The outonts 1816 are defimead between the mdividual segmented electrodes

“

wically define the spacing belween the segmenied elocirodes. The pre-clecirode

{000 jncludes wndvvidual segmented slecirodes 1012 jomed by connecting matenal 18314
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1 removing the connecting matenial 1014) o leave the separated segmented slectrodes 10172

e Frum?

whien the pre-elecirode 18 in place oo the iead,

hie body 1002 of the pre-slectrods 1000 hag a closed-loop
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15 eotiee length of the cutout 1016 hetween a pregnmal end and a distal end o1 the body

[O02 effectively making the body 1042 of the pre~cloctrode TG} open-loop, or C-shaped
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apertures, and abhgrment fubs, the slisnmend groeves 120 may be used (sither alternately
raddition o on alimonent ¢ Ei; one or more aligement aperlures, oF OB OF NEKyE
abienment taby) o mark the exterior surface of the pre-clecirode 1o indicate the position of
a segmented electvode boneath to faciitate manuiachure and oneotation of the pre-
elecirode w the desired postiion during manniacture. Such aligniment grooves 1096 may

{acilitaie aligning several pre-electrodes so that the underlying seginented electrades will

have the oroper relative postitons alter complebion of the manuiaciure of the lead,

In some embodiments, the altenment grooves 1096 do nol extend o the
seeinentesd electrode 1012, so that when the connectimg materal 1014 of the prosslectrod

1000 12 removed by, for exampls, sonding, (o release the wdhividosl segmienied

L

3

clectrodes, the abiunment groeves 1096 13 no longer visible, Tu viher embodlinenis, the
aliznment grooves 1094 do exiend ndo the segmenied elecirode 1012 and may be usad o

iark the seomented elecivode.
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Figure 100 Hlostrates, i transverse cross section, the soi of szsgmented electyodes
. - : -

1012 fopmed after removal of the connecting materal 1014 of the pre-ciectrode 100,
The segmented electrodes 1012 inchude the mterior surlace 1004, and extenor suriace
P56, and opposing side-walls 10228 and 10226 extensding vadially between the wnterioy

surfoce 1004 aud the extorior surface TOSG, 1T will be understoos that, although not

shown i Frgurs 100, the segmenied electrodes [0 also melude a proxomal end and o

K
4

apposing dstal end. These proxumal and distal ends are typreally the same proxunal ane

T

L)
v
=

distal ends as that of the pre-electrode along which the segmented are disposed (e .o,

Figurs 0B )

y

The intenior surfaces 1004 of the segmeniad electrodes 101U are typicaity the

'k-'
l-h.-.
M

same surfaces as the interior siwisce 1004 of the pre-elecirode - The apposing side-
withiz 102 2a and 120 ave typreadly debimed by portions of the poruneters 17 of the
cutouts 1016, o al fesst some embodunents, when removiny the compecing materuld
{214, porticns of the peruncior 1017 of the cutonts 1016 {partiondarly the iateralsoost
portions of the peruneter HO17) may be vemueved along wiih the connecting matenal 114
The exterior surfaces 1056 of the 2eomented slocirodes 1012 are Bomed row inney

P S . _A_“*c } . "*\ _}.,",u.; E‘E -r‘“t--”‘_g . n ,-.}A I '5E .. E' J‘E{ “*3 4t - B R A _:* vy bey W .I“} 5 ,.h.,'.!: N
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cineciing waterial 1014 prior o comoval of the compecting matenal 1014
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The pre-glectrade 1000 farther tieludes multiple channels dispozad along the
irterior surface 1004 of the pro-glecirode 1000, In at least some emboadiments, the
chonnels are arranged suct that at least two channsds, such as chaonels TUZEg and JUSh,

aye foriaed along the vateror surfaces 1004 of ar least one of the segmenisd electiodes

012, In Figure 100 two channels are shown defined atong the mienor surface 1004 of

ﬂ.'

ach of the segmenied electrodes 101 I other cmbodimentis, mors than two channels

electrode T2 I at least

o B
HT!
w\-ﬂ
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L
fi.
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1
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are defined along the fenor swy face 1004 o
some embodiments, the two or wore channels have the same s1ze, or shape, or both. o
ciher embodiments, the two or more chanels bave arfferent as or shupes, or both

{roin one another,

[t will be understcod that features from any of the pre-electrodes i, 700, B,

Qi and 1000 gre comtanable and may be vsed mtzechangeably with one ancthar, For

example, the cutouwis of any of the pre-electredes 600, 700, 800, Y04, and TOU0 may be
vaed with the channels of any of the pre-siectrodes SO, EU), SO0, and 1000,

-‘

ddivtemally, the sligoment feabares, such as §

-PJ l-"‘.,

e aligninent apertures, ihe aliznmend shis,
atiopiment tabs, and the slignment grooves may be usad o any corpbinalion with each

- I T S . T AU R AT E rra ' VAT N5 e L P ~
nther and with any of the pre-clectrodes 600G, 70, 300, UG quad [OOG,

The above speciiication, examples, and data provide a deseriphion of the
manutacture and wse of the compositton of the mvention. Smcee many embodiments of

’(ilu INnVent hma 511 D : k nl[llnl. ;i } At 111"" lmm mc %}sui{ .d \Li'UL sf! m:. mt i’l’lsa i,

the smvention also resides e the clans heremafter appended,

-
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CLAIMS:

1. A stimulation lead, comprising:

a lead body comprising a longitudinal surface, a distal end portion, a proximal

end portion, and a longitudinal length;
a plurality of terminals disposed along the proximal end portion of the lead body;

a plurality of electrodes disposed along the distal end portion of the lead body,
the plurality of electrodes comprising a plurality of segmented electrodes, each of the plurality
of segmented electrodes comprising a proximal end, a distal end, an exterior surface, an
interior surface opposite the exterior surface, a first side-wall extending radially between the
interior surface and the exterior surface from the distal end to the proximal end, a second side-
wall opposite to the first side-wall and extending radially between interior surface and the
exterior surface from the distal end to the proximal end, at least one of the plurality of
segmented electrodes defining at least one open cavity formed along the first side-wall of the
segmented electrode and extending circumferentially inwardly and extending from the distal
end to the proximal end, the at least one open cavity configured and arranged to facilitate

adhesion of the segmented electrode to the lead body; and

a plurality ot conductors electrically coupling the plurality of terminals to the
plurality ot electrodes, wherein a portion of at least one conductor of the plurality of

conductors 1s received in the at least one open cavity.

2. The stimulation lead of claim 1, wherein the at least one open cavity comprises

and 1nternal ridge that extends from the distal end to the proximal end of the at least one of the

plurality of segmented electrodes.

3. The stimulation lead of claim 1, wherein at least one of the plurality of
segmented electrodes receives a portion of, and electrically couples to, at least two conductors

of the plurality of conductors.
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4. The stimulation lead of claim 1, wherein the first side-wall and the exterior

surface of at least one of the plurality of segmented electrodes form an angle that is greater

than 90°.

5. The stimulation lead of claim 1, wherein at least one of the plurality of
segmented electrodes further defines at least one channel formed along the interior surface of
the segmented electrode and extending from the proximal end to the distal end of the

segmented electrode, the at least one channel configured and arranged to facilitate adhesion of

the segmented electrode to the lead body.

6. The stimulation lead of claim 5, wherein the at least one channel has an arcuate

cross-sectional profile.

7. The stimulation lead of claim 5, wherein the at least one channel has a U-shaped

cross-sectional profile.

8. The stimulation lead of claim 5, wherein the at least one channel extends along at

least 30% of a circumferential length of the interior surface of the segmented electrode.
9. A method of making a stimulation lead, the method comprising

disposing at least one pre-electrode along a distal end portion of a lead body,
the at least one pre-electrode comprising a substantially-cylindrical body comprising an outer

surface, an interior surface opposite the outer surface, a proximal end, and a distal end, the

body comprising

a plurality of segmented electrodes disposed along the body in a spaced-apart
configuration, each of the plurality of segmented electrodes extending between the proximal
end and the distal end of the body, each of the plurality of segmented electrodes also
extending between the interior surface of the body and an exterior surface, each of the
plurality of segmented electrodes comprising a first side-wall and a second side-wall opposite
to the first side-wall, the first side-wall and the second side-wall each extending radially

between the interior surface and the exterior surface from the distal end to the proximal end,
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the plurality of segmented electrodes comprising a first segmented electrode and a second
segmented electrode, the first segmented electrode defining a first open cavity extending

circumferentially inwardly into the first side-wall from the distal end to the proximal end,

connecting material coupling the first segmented electrode to the second

segmented electrode, and

a cutout defined along the body between the first segmented electrode and the

second segmented electrode;

recetving within the at least one open cavity a portion of at least one conductor

extending along a longitudinal length of the lead body; and

placing non-conductive material within the first open cavity to facilitate

retention of the first segmented electrode with the lead body.

10. The method of claim 9, further comprising placing the non-conductive material

within at least one channel formed along the interior surface of the first segmented electrode,

the at least one channel extending from the distal end to the proximal end.

11. The method of claim 9, further comprising removing the connecting material to

physically separate the first segmented electrode from the second segmented electrode.

12. The method of claim 9, wherein the at least one pre-electrode comprises a first
pre-electrode and a second pre-electrode, and further comprising circumferentially aligning
the plurality of segmented electrodes of the first pre-electrode with the plurality of segmented

electrodes of the second pre-electrode along a longitudinal length of the lead body.

13. A pre-electrode for a stimulation lead, the pre-electrode comprising:

a substantially-cylindrical body comprising an outer surface, an interior surface

opposite the outer surface, a proximal end, and a distal end;
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a plurality of segmented electrodes disposed along the body in a spaced-apart
contiguration, each of the plurality of segmented electrodes having opposing side-walls

extending between the proximal end and the distal end of the body;

at least one open cavity defined along at least one side-wall of at least one of the
plurality of segmented electrodes, the at least one open cavity extending between the proximal

end and the distal end of the body;

connecting material disposed along the outer surface of the body, the connecting

material coupling each of the plurality of segmented electrodes to one another;

a plurality of cutouts defined between adjacent segmented electrodes of the

plurality of segmented electrodes; and

at least one alignment feature formed between the outer surface of the body and

one of the plurality of cutouts.

14. The pre-electrode of claim 13, wherein the at least one alignment feature forms

an opening extending between the outer surface of the body and one of the plurality of cutouts.

15. The pre-electrode of claim 14, wherein the at least one alignment feature

comprises an alignment slit extending between the proximal end of the body to the distal end of

the body.

16. The pre-electrode of claim 14, wherein the at least one alignment feature

comprises at least one of an alignment aperture extending less than an entire dimension between

the proximal end of the body to the distal end of the body.
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