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(57) Abstract: A paddle lead assembly for providing electrical stimulation of pa-
tient tissue includes a paddle body having a longitudinal axis and a lateral axis
transverse to the longitudinal axis. The paddle body includes a plurality of elec-
trodes disposed imnto at least four columns extending parallel with the longitudinal
axis. The at least four columns include two lateral columns and at least two medial
columns disposed therebetween. The electrodes of the at least two medial columns
are arranged into rows aligned along the transverse axis. The electrodes of the two
lateral columns are each longitudinally offset from the rows of electrodes of the at
least two medial columns. An array of terminals are disposed on each of at least one
lead body coupled to the paddle body. A plurality of conductive wires couple each
of the electrodes to at least one terminal of the terminal arrays.
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SYSTEMS AND METHODS FOR MAKING AND USING ELECTRODE
CONFIGURATIONS FOR PADDLE LEADS

This appiication claims the benefit of U.S. Provisional Patent Appiic&tio:n Serial

No. 61/383,643 filed on Septeraber 16, 2010, which is incorporated herein by reference.

The present invention is directed to the area of implantable electrical stimulation
systerns and methods of making and using the systems. The present invention 1s also
directed {o impiantabie electrical stimulation paddle leads that include electrodes

making and using the paddle ieads, electrodes, and electrical stimulation systems.

BACKGROUND
Implantable electrical stimulation systems have proven therapeutic in a variety of
diseases and disorders. For example, spinal cord stinmiiation systems nave been used as
a therapeutic modality for the treatment of chronic pain syndromes. Peripheral nerve
stimulation has been used to freat chronic pain syndrome and incontinence, with a
number of other applications under investigation. Functional electrical stimulation
systems have been applied to restore some functionality to paralyzed extremities in

spinal cord injury patients.

Stimulators have been developed to provide therapy for a variety of treatments.
A stimulator can include a control module {with a pulse generator), one or more leads,
and an array of stimulator electrodes on each lead. The stimulator electrodes are in
contact with or near the nerves, muscles, or other tissue to be stimulated. The pulse
generator in the control module generates electrical pulses that are delivered by the

electrodes to body tissue.

In one embodiment, a paddle lead assembly for providing electrical stimulation

of patient tissue includes a paddle body having a longitudinal axis and a lateral axis

1.
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transverse to the longitudinal axis. The paddie body includes a plurality of electrodes
disposed into at least four columns extending parallel with the longitudinal axis. The at
least four columns include two lateral cohumns and at least two medial columns disposed
therebetween such that the two lateral columns flank the at least two medial columns.
The electrodes of the at least two medial columus are arranged into rows aligned along
the transverse axis. The clectrodes of the two lateral columns are each longttudinally
offset from the rows of electrodes of the at least two medial columns. A plurality of lead
bodies are coupled to the paddie body. An array of terminals are disposed on each of the
at least one lead bodies. The paddie lead assembly further includes a phurality of
conductive wires, each conductive wire coupiing one of the electrodes to at least one

terminal of at least one of the terminal arrays.

BRIEF DESCRIPTION OF THE DRAWINGS

[P pp——— Ty Wy Sy Ay g, g, A, S, e e A L 0 g i i 0 B B B it

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
following Detailed Description, which is to be read in assoctation with the accompanying

drawings, wherein:

FIG. 1 is a schematic view of one embodiment of an electrical stimulation system
that includes a paddie body coupled to a control module via lead bodies, according to the

invention:

FIG. 2A 1s a schematic side view of one embodiment of a plurality of connector

assemblies disposed in the control module of FIG. 1, the connector assemblies

according to the invention;

FI1G. 2B is a schematic side view of one embodiment of a proximal portion of a
lead body and a lead extension coupled to & control module, the lead extension
configured and arranged to couple the proximal portion of the lead body to the control

module, according to the mvention;
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FI1G. 2C is a schematic side view of one embodiment of a connector assembly
disposed in the control module of FIG. 2B, the connector assembly configured and

arranged to receive the lead extension of FIG. 2B, according to the invention;

FIG. 3 is a schematic Jongitudinal cross-sectional view of one embodiment of one

of the connector assemblies of FIG. 1, according to the invention.

FIG. 4 is a schematic perspective view a control module with a header that

defines four ports, according to the nventioxn,

FIG. 5 is a schematic top view of one embodiment of a paddle lead assembly that

mncludes a paddle body with four columns of electrodes, according to the invention;

FIG. 6A is a schematic top view of another embodiment of the paddie body of

FIG. §, according 1o the mvention;

F1G. 6B is a schematic top view of yet another embodiment of the paddie body of

FIG. 5, according to the invention;

FIG. 6C is a schematic top view of another embodiment of the paddle body of

FIG. 5, according to the invention;

FIG. 7A is a schematic view of one embodiment of a paddle lead assembly of an

clectrical stimulation system, according to the invention;

FIG. 7B is a schematic view of a second embodiment of a paddle jead assembly

of an electrical stimulation system, according to the invention;

FIG. 7C is a schematic view of a third embodiment of a paddle lead assembly of

an electrical stimulation system, according to the invention;

FI(3. 8A is a schematic transverse cross~sectional view of one embodiment of an
intermediate extension element of a lead body arrangement of the paddle lead assembly

of FIG. 7C, according to the invention;

FIG. 8B is a schematic transverse cross-sectional view of another embodiment of
an intermediate extension element of a lead body arrangement of the paddie lead

assembly of FIG. 7C, according to the invention;
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FIG. 8C 15 a schematic transverse cross-sectional view of yet another
embodiment of an intermediate extension element of a lead body arrangement of the

paddie lead assembly of FIG. 7C, according to the invention;

FIG, 9A is a schematic transverse cross~sectional view of one embodiment of 2
5 multi-layer arrangement of lead bodics disposed in a junction of the paddie lead

assembly of FIG. 7C, according to the invention;

F1G. 9R 15 a schematic ttangverse crose-sectional view of avotber ernbodimaent of

a one~layer arrangement of lead bodies disposed in a junction of the paddle lead

assembly of FIG. 7C, according to the invention;

10 FIG. 10A 1s a schematic side view of one embodiment of proximal ends of {ead
bodies of a lead body arrangement, the lead bodies coupled together by weakened

regions, according to the invention;

F1(3. 10B is a schematic side view of one embodiment of proximal ends of the
lead bodies of FIG. 10A, with one of the lead bodies separated from the other lead bodies

15 dueto separation along a weakened region, according to the invention; and

FIG. 11 is a schematic overview of one embodiment of components of a
stimnulation systerm, including an electronic subassembly disposed within a control

module, according to the invention.

20 DETAILED DESCRIPTION

2 e S A A e e A r A S e A e

The present invention is directed to the area of implantable electrical stimulation
systems and methods of making and using the systems. The present invention is also
directed to implantable electrical stimulation paddle leads that include electrodes
configured into arrangements that improve control of stimulation, as well as methods of

25 making and using the paddie leads, electrodes, and electrical stimulation systems,

Suitable implantable electrical stimulation systems include, but are not limited to,
an electrode lead (“lead”™) with one or more electrodes disposed on a distal end of the
lead and one or more terminals disposed on one or more proximal ends of the lead.

1eads include, for example, percutaneous leads, paddle leads, and cuff leads. Exampiles

“4”
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of electrical stimulation systems with leads are found in, for example, U.S. Patents Nos.
6,181,969; 6,516,227; 6,609,029; 6,609,032; and 6,741,892, 7,244,150; 7,672,734,
7,761,165; 7,949,395; 7,.974,706; and U.S. Patent Applications Publication Nos.
2005/0165465; 2007/0150036; 2007/0219595; and 2008/0071320, all of which are

mncorporated by reference.

Figure 1 illustrates schematically one embodiment of an electrical stimulation
system 100. The electrical stimulation system includes a control module (e.g,, a
stimulator or pulse generator) 102, a paddie body 104, and one or more lead bodies 106
coupling the control module 102 to the paddle body 104, The paddle body 104 and the
one or more lead bodics 106 form a lead. The paddle body 104 typically includes an
array of electrodes 134. The control module 102 typically includes an electronic

subassembly 110 and an optional power source 120 disposed in 2 sealed housing 114, In

Figure 1, two lead bodies 106 are shown coupled to the control module 102,

The control module 102 typically inchudes one or more connector assemblies 144
into which the proximal end of the one or more lead bodies 106 can be plugged to make
an electrical connection via connector contacts {e.g., 216 in Figure 2A). The connecior
contacts are coupled to the electronic subassembly 110 and the terminals are coupled to

the electrodes 134. In Figure 1, two connector assemblies 144 are shown.

The one or more connector assemblies 144 may be disposed in a header 150, The
header 150 provides a protective covering over the one or more connector assemblies
144. The header 150 may be formed using any suitable process mchuding, for exampie,
casting, molding (including injection molding), and the hike. In addition, one or more
lead extensions 224 (see Figure 2B) can be disposed between the one or more lead
bodies 106 and the control module 102 to extend the distance between the one or more

lead bodies 106 and the control module 102.

The electrical stimulation system or components of the electrical stimulation

system, including one or more of the lead bodies 106, the paddie body 104, and the

control module 1072, are typically irnplanted 1mnto the body of a patient. The eledirical
stitnulation system can be used for a variety of applications including, but not limited to,
spinal cord stimulation, brain stimulation, neural stimulation, muscle stimulation, and the

hike,
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The electrodes 134 can be formed using any conductive, biocompatible matenal.
Examples of suitable materials include metals, alloys, conductive polymers, conductive
carbon, and the like, as well as combinations thereof. In at least some embodiments, one
or more of the electrodes 134 are formed from one or more oft platinum, platinum

iridium, palladium, titanium nitride, or rhennm,

The number of electrodes 134 in the array of electrodes 134 may vary. For
example, there can be two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, or more electrodes 134, As will be recognized, other
numnbers of electrodes 134 may also be used. As will be recognized, other numbers of
electrodes 134 may also be used. In Figure 1, sixteen electrodes 134 are shown. The
electrodes 134 can be formed in any suitable shape including, for example, round, oval,

triangidar, rectangular, pentagonal, bexagonal, heptagonal, octagonal, ot the bike.

The electrodes of the paddle body 104 or one or more lead bodies 106 are

typically disposed in, or separated by, a non-conductive, biocompatible material

o

including, for example, silicone, polyurethane, and the like or combinations thereof. the

paddie body 104 and one or more lead bodies 106 may be formed in the desired shape by
any process including, for example, molding (including injection molding), casting, and
the like. Electrodes and connecting wires can be disposed onto or within a paddie body
either prior to or subsequent to a molding or casting process. The non~conductive
material typically extends from the distal end of the lead to the proximal end of each of
the one or more lead bodies 106. The non-conductive, biocompatible material of the
paddle body 104 and the one or more lead bodies 106 may be the same or different. The
paddie body 104 and the one or more lead bodies 106 may be a unitary structure or can
be formed as two separate structures that are permanently or detachably coupled

together.

Terminals (e.g., 210 in Figure 2A) are typically disposed at the proximal end of
the one or more lead bodies 106 for connection to corresponding conductive contacts

(e.g., 216 in Figure 2A} in connector assemblies disposed on, for example, the control

module 102 (or to other devices, such as conductive contacts on a lead extension, an

operating room cable, a splitter, an adaptor, or the like). Conductive wires (not shown)

extend from the terminals to the electrodes 134. Typically, one or more electrodes 134
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are clectrically coupled to a terminal (e.g, 210 1 Figure 2A). In some embodiments,

each terminal (e.g., 210 in Figure 2A) is only coupled to one electrode 134,

The conductive wires may be embedded 1n the non-conductive material of the
lead or can be disposed in one or more lumens {not shown) extending along the lead. In
some embodiments, there is an individual humen for each conductive wire. I other
embodiments, two or more conductive wires may extend through a lumen. There may
also be one or more humens (not shown) that open at, or near, the proximal end of the
lead, for example, for inserting a stylet rod to facilitate placement of the lead within 4
open at, or near, the distal end of the lead, for example, for infusion of drugs or
medication into the site of implantation of the paddle body 104, The one or more lumens
may, optionally, be flushed continumally, or on a regular basis, with saline, epidural fluid,
or the like. The one or more lumens can be permanently or removably sealable at the

distal end.

As discussed above, the one or more iead bodies 106 may be coupied to the one
or more connector assembhies 144 disposed on the control module 102, The control
module 102 can include any suitable number of connector assemblies 144 including, for
cxample, two three, four, five, six, seven, eight, or more connector assemblies 144, It
will be understood that other numbers of connector assemblies 144 may be used instead.
in Figure 1, each of the two lead bodies 106 includes eight terminals that are shown

coupled with eight conductive contacts disposed in a different one of two different

connector assemblies 144,

Figure 2A is a schematic side view of one embodiment of the two lead bodies
106 shown in Figure 1 configured and arranged for coupling with the control module
102, A plurality of connector assemblies 144 are disposed in the control module 102, In
af least some embodiments, the control module 102 includes two, three, four, or more
connector assemblies 144, Typically, the number of connector assemblies 144 disposed
in the control module 102 is equal to the number of lead bodies 106 of the lead. For
example, in Figure 24, the two lead bodies 106 shown in Figure 1 are shown configured
and arranged for msertion into two connector assemblies 144 disposed on the control

module 102,
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The connector assemblies 144 each include a connector housing 214 and a
plurality of connector contacts 316 disposed therein. Typically, the connector housing
214 defines a port {not shown) that provides access to the plurality of connector contacts
216. In at least some embodiments, the connector assemblies 144 hurther include
retaining elements 218 configured and arranged to fasten the corresponding lead bodies
206 to the connector assemblies 144 when the lead bodies 106 are mserted into the
connector assemblies 144 to prevent undesired detachment of the lead bodies 106 from
the connector assemublies 144, For example, the retaining elements 218 may include

apertures through which fasteners {e.g., set screws, pins, ot the like)} may be inserted and

secured against an inserted lead body (or lead extension).

In Figure 2A, the plurality of connector assemblies 144 are disposed in the header
150, ln at least some embodiments, the header 150 defines ope of more ports 204 into
which a proximal end 206 of the one or more lead bodies 106 with terminals 210 can be
inserted, as shown by directional arrows 212, in order to gain access to the connector

contacts 216 disposed in the connector assemblies 144,

When the lead bodies 106 are inseried mio the ports 204, the connecior contacts
216 can be aligned with the terminals 210 disposed on the lead bodies 106 to electrically
couple the control module 102 to the electrodes (134 of Figure 1) disposed at a distal end
of the lead bodies 106. Examples of connector assemblies in control modules are found
iy, for example, U.S. Patent No. 7,244,150 and U.S. Patent Application Publication No.
2008/0071320 Al, which are incorporated by reference.

In some instances, the electrical stimulation system may include one or more lead
extensions. Figure 2B is a schematic side view of one embodiment of a proximal end of
a single lead body 106 configured and arranged to couple with a lead extension 224 that
is coupled with the control module 102°. In Figure 2B, a lead extension connector
assembly 222 is disposed at a distal end 226 of the lead extension 224, The lead
extension connector assembly 222 includes a contact housing 228. The contact housing
228 defines at least one port 230 into which a proximal end 206 of the lead body 106
with terminals 210 can be inserted, as shown by directional arrow 238, The lgad
extension connector assembly 222 also includes a plurality of connector contacts 240.

When the lead body 106 is mnserted into the port 230, the connector contacts 240
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disposed in the contact housing 228 can be aligned with the termunals 210 on the lead
body 106 to electrically couple the lead extension 224 to electrodes (not shown) disposed

on the lead body 106°.

The proximal end of a lead extension can be similarly configured and arranged as
a proximal end of a lead body, such as one of the lead bodies 106, or the lead body 1 067,
The lead extension 224 may include a plurality of conductive wires {not shown) that
clectrically couple the connector contacts 240 to terminals at the proximal end 248 of the
tead extension 224. The conductive wires disposed in the lead extension 224 can be
electrically coupled to a plurality of terminals (not shown) disposed on the proximal end

248 of the lead extension 224.

Figure 2C is a schematic side view of one embodiment of the lead extension 224
configured and arranged for coupling with the control module 1027, The control module
1027 includes a single connector assembly 144. Alternately, the control module 1027
may receive the lead body 106° directly. It will be understood that the control modules
102 and 102" can both receive either lead bodies or lead extensions. It will also be
understood that the electrical stimulation system 100 can include a plurahty of lead
extensions 224. For example, each of the lead bodies 106 shown in Figures 1 and 2A
can, alternatively, be coupled to a different lead extension 224 which, in turn, are each
coupled to different ports of a two-~port control module, such as the control modale 102

of Figures 1 and ZA.

Figure 3 is a schematic longitudinal cross-sectional view of one embodiment of
one of the connector assemblies 144. The connector assembly 144 includes the
connector housing 314 into which a lead or lead extension can be mserted via a port 302
at a distal end 304 of the connector housing 314, In at least some entbodiments, a
retaining element 318 1s coupled to the connector housing 314. 'The retaining element
318 defines an aperture 306 through which a fastener {(e.g., a set screw, pin, or the like)
may be inserted and secured against a lead body or lead extension when the lead or Jead
extension is inserted into the port 302. Connector contacts, such as the connector contact
216, are disposed in the connector housing 314. In at least some embodiments, each of

the connector assembilies 144 includes eight connector contacts.



10

}lasl).
h

20

29

30

CA 02810692 2013-03-06

WO 2012/036925 PCT/US2011/050400

The connector contacts 216 may be separated from one another by one or more
non-conductive spacers {or seals), such as spacer 308, to prevent electrical contact
between adjacent connector contacts 210. As discussed above, when a proximal end of a
iead or lead extension is inserted into the port 302, terminals disposed on the inserted
iead or lead extension align with the connector contacts 216, thereby establishing an
electrical connection between the electronic subassembly 110 of the control module 102

and the electrodes 134 of the lead.

Figure 4 is a schematic perspective view of a control module 1027, The header
1 50 of the control module 102” defines four header ports 404. Collectively, the header
ports 404 are configured and arranged to each receive one or more lead bodies 106 or
150 can define any suitable mumbes of beader ports 404 weluding, for example, one, two,
three, four, five, six, seven, eight, or more header ports 404. In Figure 4, the header 150
is shown defining four header ports 404. Thus, in at least some embodiments, the
control module 102 of Figure 4 is configured and arranged fo recetve up to four lead

bodies 106 or lead extensions 224, or a combination of both.

The header ports 404 can be defined in the header 150 in any suitable
arrangement. In preferred embodiments, each of the header ports 404 are configured and
arranged to align with one of the ports 302 of the one or more connector assemblies 144
disposed in the header 150. For example, in at least some embodiments, four connector
assembliecs 144 are disposed in the header 150 such that four header ports 404 defined 1n
the header 150 align with the four ports 302 of the four connector assemblies 144, In at
least some embodiments, the number of header ports 404 is no greater than the munber

{ connector assemblies 144, In at least some embodiments, the number of header ports
404 is no less than the number of connector assemblics 144, In at least some
embodiments, the number of header ports 404 15 equal to the number of connector

assemblies 144,

{t may be useful to design a lead with more electrodes than the lead illustrated
Figure 1. For example, a patient may be experiencing pain emanating from an area

greater in size than the dimensions of an array of electrodes (e g, 134 of Figure 1)

.10 -
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selectively target one or more separately-sttuated stimulation regions {e.g., nerve fibers,
or the like) along the spinal cord while reducing, or even eliminating, stimulation of

other regions in proximity to the stimulation regions.

Paddie bodies are typically surgically implanted into a patient. The location of
implantation may have some impact on the design (e.g., the size, shape, or the like) of
the paddle body. For example, when the one or more target stimulation regions are along
the spinal cord of the patient, the paddie body 1s typically surgically implanted nto the
cpidural space of the patient. It may, therefore, be an advantage to form the paddle body

to fit within the confines of the patient’s epidural space.

Typically, the paddle body is implanted into the epidural space such that a
longitudinal axis of the paddle body is positioned along a rostral-caudal axis (i.e., head to
toe) of the patient, and an axis transverse to the longitudinal axis {a “width”) is
positioned along a medial-fateral axis (i.e., shoulder to shoulder) of the patient.
Therefore, it may be an advantage to form the paddle body with a width that 15 narrow
enough to fit within the medial-lateral confines of the epidural space without causing

yndue discomfort to the patient.

Forming the paddie body width to be narrow enough to £it within the epidural
space, however, may limit the amount of space onto which el ecirodes can be disposed.
Increasing the number of electrodes disposed on the paddle lead may, therefore, also
involve decreasing the spacing between adjacent electrodes on the paddle body. As the
spacing between electrodes decreases, an increase in current shunting may occur between
at least some electrodes. Current shunting may adversely affect the amplitude of
stimulation of affected electrodes by decreasing the depth of current penetration. Current

shunting, however, can also be used to facilitate tuning of the direction of stimulation,

Other techniques, such as current steering, may also be used to facilitate tuning of
the direction of stimulation. Sometimes, one or more electrodes of an electrode array are
configured and arranged to operate as cathodes, while one or more other electrodes of the
clectrode array are configured and arranged 10 operate as anodes. Current steerning may

involve applying disproportionate amounts of current to two or more adjacent cathodes.

S 11 .
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in at least some embodiments, the longitudinal spacing between adjacent
electrodes is selected for improving medial-lateral current steering, In at least some

embodiments, the longitudinal spacing between adjacent electrodes is selected for

improving a span of rostral-caudal stimulation. In at least some embodiments, the

anodes and cathodes are arranged on the paddlc body such that they reduce, or even
eliminate, undesired stimulation of nerve fibers of the dorsal root. In at least some

embodiments, lateral columns of corresponding anodes are longitudinally offset from the
iongitudinally-aligned cathodes in order to increase spacing between corresponding

anodes and cathodes without increasing the width of the paddle body.

Figure 5 is a top schematic view of one embodiment of a paddle lead assembly
500. The paddle lead assembly 500 includes a paddle body 502 and a plurality of lead
bodies 504. At least some of the plurality of lead bodies 504 include arvays of terminals
505. In at least some embodiments, terminal arrays 505 are disposed on each of the

plurality of lead bodies 504.

The paddie body 502 includes a longitudinal axis 506 and a transverse axis 508
that is transverse to the longitudinal axis 506. The paddie body 502 includes an array of
electrodes 510. The paddle body 502 can include any number of electrodes in the
electrode array 510 including, for example, sixteen, eighteen, twenty, twenty-two,
twenty-four, twenty-six, twenty-cight, thirty, thirty-two, thirty-four, or more electrodes.

1t will be understood that other numbers of electrodes may be used instead.

Individual electrodes within the electrode array 510 are arranged into columns
extending paraliel with the longitudinal axis 506 of the paddle body 502. The columps
of electrodes include lateral columns 512 and 514. The columns of electrodes also
include two or more medial columns 516. In Figure 3, the paddie body 502 is shown
with two medial columns 516a and 516b. In at least some embodiments, the medial
columns 516a and 516b of electrodes are staggered longitudinally relative to the two

lateral columns 512 and 514.

Fach of the columns 512, S14, 516 of the electrode arvay S10 may welade the
game pumber of electrodes. In at least some embodiments, at least one of the colummns
512, 514, 516 of the electrode array 510 include a different number of electrodes from

one or more of the other columns. In at least some embodiments, each of the lateral
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columns, 512 and 514, include the same number of electrodes. In at least some
embodiments, each of the two or more medial columns 516 include the same number of
electrodes. In at least some embodiments, the tofal number of electrodes disposed in the
lateral columms 512, 514 is equal to the total number of electrodes disposed 1n the two or
more medial columns 516. In at least some embodiments, each of the lateral columnps,
512 and 514, include the same number of electrodes, while each of the two or more
medial columns 516 also include the same number of electrodes, where the number of

electrodes disposed in the lateral columns 512 and 514 is different from the number of

electrodes disposed in the two or more medial columns 516.

In Figure 5, each of the columns 512, 514, 516a, 516b of the electrode array 510
is shown having eight electrodes. It will be understood that other numbers of electrodes,
either fewer or greater, may be disposed in cach column. For example, each of the
columns 512, 514, 516 can include two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nincteen, twenty,

twenty~four, thirty-two or more elecirodes.

Rach of the electrodes of the electrode array 510 may be independently operated,
via a pulse generator disposed in the control module 102, In at least some embodiments,
the control module 102 has at least as many independently programmable stimulation
channels as electrodes in the electrode array 510, The conirol module 102 stimulation
channels may be independently programmable, preferably to deliver constant current
stimulus pulses to each of the electrodes of the electrode array 510. The constant current

stimulus pulses may be biphasic in form.

A cathodic {current) stimulus pulse can have a negative square wave spike
followed by a longer duration positive return that cavses the biphasic stimulus to be
charged balanced. The cathodic spike is the portion of the current stunulus that causes
nerve tissues to be stimulated and discharged, causing an action potential to propagate
along the nerve. When the electrical stimulation syster has thirty-two electrodes in the
electrode array 510, and 32 independently programmable channels in the control module
102, each of the electrodes of the array 510 may function as a cathode, as an anode, or be

effectively turned off at any point in time. When a biphasic cathodic stimulus pulse 15
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electrode is referred to as a “cathode.” When the same particular electrode is functioning
in the opposite polarity {a positive spike followed by longer duration negative return),
that particular electrode is referred o as an “anode.” The use of the term “cathode” or
“anode” as used herein, refers to whether the particular electrode in the paddle body that

is delivering a biphasic stimulus pulse is sinking or sourcing the stimulus current.

Turning back to Figures 3 and 4 (in combination with Figure 5}, in at least some
embodiments four connector assemblies 144 are disposed in the header 150 and

accessible to up to four lead bodies 505 via four header ports 404. Each port 302 defined

in the connector assemblies 144 can be configured and arranged to enable an electrical

connection between the terminals 505 of the lead bodies 504. In at least some
embodiments, each port (302 of Figure 3) of the connector assembiies (144 of Figure 3)
has eight conpector contacts. In gt least some embodiments, the control module (1027 m

Figure 4) has a total of 32 independently programmable stimulation channels.

Each channel may be programmed to operate as a cathode, an anode, or be turned
off at any one time. Additionally, each stimulus channel may sink different magnitudes
of stimulus current through two or more cathode electrodes and source stimulus current
with different magnitudes through two or more anodes. Moreovet, the housing (114
Figure 1) of the control module 102 can be programmed to be an anode or to be OFF.
When the electrical stimulation system includes a 32-contact paddle assembly 500, the
conirol module 102 may also enable many different configurations of monopolar
stimnulation (i e., one or more of the electrodes 1n the electrode array 510 may
concurrently be delivering a cathodic stimulus pulse, while the remainder of the
electrodes are OFF and the housing {114 of Figure 1) of the control module 102 is turned

ot as the anode).

Additionally, the stimulation system may also enable many different
configurations of multipolar stimulation (i e., one or more of the clectrodes in the
electrode array 510 may function as cathodes and, concurrently, one or niore of the
electrodes S10 may function as anodes). Alternatively, it may be possible to have a
hybrid stimulation system (i.e., one or more of the electrodes in the electrode array 510 18
functioning as an anode and, concurrently, the housing (114 of Figure 1) of the control

module may be functioning as an anode).
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At least some potential implantation sites within the epidural space include both

sensory and motor nerve fibers. In at least some embodiments, it is generally preferred

[

to stirnulate sensory nerve fibers without unduly stimulating motor nerve fibers, which

may potentially cause undesired motor movemerts. Therefore, in at least some
embodiments, when the paddie body 502 is disposed in the epidural space, it is generally
preferred to position the electrode array 510 to stimulate nerve fibers in the dorsal
column (primarily sepsory nerve fibers) while avoiding stimulation of nerve {ibers in the
dorsal roots (both sensory and nerve fibers). It will be understood that, in alternate
embodiments, the paddle body 502 can be configured and arranged to stimulate nerve

fibers in the dorsal roots, while avoiding stimulation of the dorsal coluran.

The dorsal column is typically located along a midline of the spinal cord, while
the dorsal roots typically enter the spinal cord at locations that are lateral {rom the dorsal
column. Thus, it may be an advantage to position the paddle body 502 along the midiine
of the spinal cord and operate at least some of the electrodes of the two or more medial
columns 516 as cathodes and operate at least some of the electrodes of the lateral
colurmnmns 512, 514 as anodes so that the medially-disposed cathodes provide stimulation
dorsal roots by repelling at least some of the laterally-directed stimulation. As discussed
above, in alternate embodiments, the paddle body 502 can be configured and arranged to
stimulate nerve fibers in the dorsal roots, while avoiding stimulation of the dorsal

cOIUINM.

At least some of the electrodes of the two or more medial colurmns 516 may be
fongitudinally-aligned with one another such that the electrodes form rows along the
transverse axis 508. In at least some embodiments, at least some of the longitudinally-
aligned electrodes of the two or more medial columms 516 are configured and arranged to
operate as cathodes. In at least some embodiments, operating two or more electrodes
aligned along the transverse axis 508 as cathodes enables medial-lateral currvent steering
to be performed by providing disproportionate levels of current to the two or more
cathodes aligned along the transverse axis S08. It may be an advantage to form the
electrode array 510 to promote medial-lateral current steering to selectively stimulate

tissue that is not located along a midline of the spinal cord. This may especially be an
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advantage when stimulating lower back tissue {e.g., on or around the T6 level of the

spine) where target patient tissue may occur off the midline of the spinal cord.

T at least some embodiments, electrodes of the lateral columns 512, 514 are also
longitudinally-aligned with one another along the transverse axis 508, In at Jeast some
embodiments, at least some of the longitudinally-aligned electrodes of the lateral
cofumns 512, 514 are configured and arranged to operate as anodes. As discussed above,
it may be an advantage o operate at least some of the electrodes of the two or more
medial columns 516 as cathodes and at least some of the electrodes of the lateral
columns 512, 514 as anodes to stimulate the dorsal column while also guarding against

stinmulation of the laterally-positioned dorsal roots.

In at least some embodiments, longitudinally-aligned anodes of the lateral
columns 512, 514 are longitudinally offset from corresponding rows of cathodes of the
two or more medial columns 516. As shown in Figure S, the electrodes of the two
medial cohunns 516a and 516b are longitudinally aligned with one another along the
longitudinal axis 506 of paddle body (i.e., inrows). Additionally, the flanking electrodes
of the 1ateral colummns 512, 514 are also shows in Figure § as being aligned with one
another along the longitudinal axis 506 of paddle body. In Figure 5, the rows of
electrodes of the medial columns 516 are longitudinally offset from the electrodes of the
lateral columns §12, 514, Thus, when the electrodes of the medial column 516 are
operated as cathodes and the electrodes of the lateral columns are operated as anodes, the
corresponding anode/cathode pairs are longitudinally offset from one another (i e., the

anode/cathode pairs are not longitudinally aligned with one another).

As discussed above, the amount of center-to-center space between corresponding
anodes and cathodes (7. e., anode/cathode pairs) may affect the amount of current
shunting. One way to increase the center-to-center distance between corresponding
cathodes and anodes is to longitudinally offset rows of cathodes from corresponding
anodes. It may sometimes be desirable to increase the center-to-center distance between
corresponding cathodes and anodes to reduce current shunting, particularly to dispose
more electrodes on a Himited surface space on the paddle body 502. This can be
important for packing 32 electrode contacts onto a paddie surface, which is imited in

S17€.
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Thus, in at least some embodiments, it may be an advantage to longitudinally
offset electrodes from electrodes in an adjacent column (e.g., electrodes in the medial
colummn relative to electrodes in the lateral column) to reduce the ettects of current
shunting without increasing a width of the paddie body 502 (i.e., the length of the
transverse axis SOR). As discussed above, it may be an advantage to maintain a narrow

width in order to decrease patient discomfort during implantation and operation of the

paddie lead, as well ag increase aceessible stimulation regions.

In at least some embodiments, the paddle body 502 has a width of no more than
12 millimeters. In at least some embodiments, the paddie body 502 has a2 width of no
more than 11 millimeters. In at least some embodiments, the paddie body 502 has a
width of no more than 10 millimeters. In at least some embodiments, the paddle body
502 has a width of no more than 9 millimeters. 1u at least some embodiments, the paddle

body 502 has a width of no more than 8 millimeters.

The electrodes of the electrode array 510 can have any suitable center-to-center
spacing between adjacent clectrodes in a given column, or longitudinal spacing. It will
be nnderstood that atl longitudinal spacings between adjacent electrodes are measured as
center~to~center distances. In at least some embodiments, each of the electrodes of the
tateral column 512 are equally spaced apart longitudinally from one another (e, the
adjacent electrodes have equal longitudinal spacings). In at least some embodiments,
cach of the electrodes of the lateral column 514 are egually spaced apart longitudinally
from one another (i.e., the adjacent electrodes have equal longitudinal spacings). In at
least some embodiments, the longitudinal spacing of adjacent electrodes of the lateral
column 512 is equal to the longitudinal spacing of adjacent electrodes of the lateral
column 514, In at least some embodiments, each of the electrodes of the medial column
516a are equally spaced apart longitudinally from one another (7.e., the adjacent
elecirodes have equal longitudinal spacings). In at least some embodiments, each of the
electrodes of the medial column 516b are equally spaced apart longitudinally from one
another (i.e., the adjacent electrodes have equal longitudinal spacings). In at least some
embodiments, the longitudinal spacing of adjacent clectrodes of the medial column 5163
is equal to the longitudinal spacing of adjacent electrodes of the medial column 516b. In
at least some embodiments, the longitudinal spacing of adjacent electrodes of the lateral

column 512 is equal to the longitudinal spacing of adjacent electrodes of each of the
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lateral column 514, the medial column 516a, and the medial column 516b, In at least
some embodiments, the transverse spacing between electrodes of the lateral column 512
and clectrodes of the medial column 516a is equal to the transverse spacing between

clectrodes of the lateral column 514 and the medial column 31 6b.

Figares 6A-6C show the paddle body 502 with three different longitudinal
spacings between adjacent electrodes in the electrode array. In Figures 6A-6C, each of
the columns 512, 514, 516 has equal longitudinal spacing between adjacent electrodes.

In Figure 6A, longitudinally-adjacent electrodes are separated from one another by a first
longitudinal spacing 602 between adjacent electrodes. In Figure 6B, longitudinally-
adjacent electrodes are separated from one another by a second longitudinal spacing 604
hetween adjacent electrodes that is greater than the first longitudinal spacing 602
between adjacent electrodes. In Figure 6C, longttudinally-adiacent electredes ars
separated from one another by a third longitudinal spacing 606 between adjacent
electrodes that is greater than the second longitudinal spacing 604 between adjacent

electrodes.

In at least some embodiments, the longitudimal spacing between adjacent
efectrodes is no greater than 7 millimeters. In at least some embodiments, the
fongitudinal spacing between adjacent electrodes is no greater than 6.5 millimeters. Inat
icast some embodiments, the fongitudinal spacing between adjacent clectrodes is no
greater than 6 millimeters. In at least some embodiments, the longttudinal spacing
between adjacent electrodes 18 no greater than 5.5 millimeters. In at least some
embodiments, the longitudinal spacing between adjacent electrodes is no greater than 3
millimeters. In at least some embodiments, the longitudinal spacing between adjacent

electrodes is no greater than 4.5 millimeters.

As discussed above, current shunting may occur as spacing between adjacent
clectrodes is reduced. Current shunting may be used to enhance the ability to divect
medial-lateral stimulation. Current shunting, however, may also cause a decrease in all
or one or more portions of stimulation coverage along a given span. Computer modeling
1as shown that, in at least some instances, a longitudinal spacing between adjacent
clectrodes that is greater than six millimeters reduces current shunting to facilitate equal

stimulation along the patient’s rostral-caudal axis. Computer modeling also has shown
g 1a P .
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that, in some instances, a longitadinal spacing that is greater than six millimeters may
provide therapy (e.g., reducing back pain, or the like) when positioned at the T8 level of

the patient’s spine,

In some sitnations, enhanced control over medial-lateral stimulation (i e,
improved current steering) may outweigh the corresponding insuificiencies in complete
sttmulation across the rostral-caudal axis (.., a shorter longitudinal span of stimulation).
For example, improved current steering may outweigh a shorter longitudinal span of
stimulation when a patient is experiencing pain emanating from one or more discrete
regions in close proximity to one another or off the midline of the spinal cord (e.g., lower
back pain, or the like). Computer modeling has shown that, in at least some instances, a
tongitudinal spacing between adjacent electrodes that is no greater than six millimeters
along a medial-lateral axis. Computer modeling also has shown that, in at least some
instances, such a longitudinal spacing may provide therapy (e.g., reducing back pain, or

the hike) when positiomd at the T6 level of the patient’s spine.

The electrodes can be confipured nio any number of colmns greater than thiee,
and any number of electrodes can be disposed it any of the columns. When the
electrode array 510 includes thirty-two electrodes, many different electrode
configurations are possible including, for example, two lateral columns with six
electrodes each, two medial columns with six electrodes, and one medial coluran with
eight electrodes. This configuration may simply be referred to as 6-6-8-6-6, where the
gumber of electrodes in a column are counted from lfeft to right. It may be helpful to use
this shorthand notation. Alternately, the above configuration may be rearranged such
that the eight-electrode column may be disposed in the second position (6-3-6-6-6), of
the fourth position {(6-6~6-8-6). Other 32-electrode configurations may include, for
example 6-7-6-7-6; 5-5-6-6-5-5; 4-4.5-6-5-4~4; and 4-4-4-4-4-4-4-4. it will be

understood that other rearrangements and configurations are possible, as well.

Turning now to Figure 7A, the plurality of lead bodies are configured and
arranged for insertion into one or more connectors. The plurality of lead bodies can be
configured and arranged for insertion into one or more connectors n many ditferent

ways. In at least some emnbodirments, conductive wires extending {rom electrodes
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disposed on the paddle body can be arranged into a plurality of distinct groups, and each
group disposed in the plurality of lead bodies. In at least some embodiments, each of the
lead bodies is configured and arranged for direct insertion into the one or more

connectors. In at least some embodiments, each of the lead bodies 1s configured and

arranged for insertion into a splitter which, in turn, is configured and arranged for

insertion into the one or more connectors. In at least some embodiments, conductive

wires extend from the paddle body to a distal element that, in turn, is coupled to the lead

hodies.

Figure 7A is a schematic view of one embodiment of an electrical stimulation
system 700. The electrical stimulation system 700 includes a paddle lead assembly 702,
The paddie lead assembly 702 includes a paddie body 704 and lead bodies 706. An array
of electrodes 708 is disposed on the paddie body 704, An array of termunals 710 is
disposed on each of the lead bodies 706. The electrical stimulation system 700 also
includes one or more control modules 712 and one or more connectors 714 for couphng
the lead bodies 706 to the control module(s) 712, In at least some embodiments, the one
or more control modules 712 includes 32 independently programmable stimulation
conductive wires within the lead bodies 706 electrically couple to conductive contacts

disposed within one or more ports of the one or more connectors 714.

One or more conductive wires electrically couple the electrodes 708 to the
terminals 710. At least a portion of the conductive wires extend within the lead bodies
706. In at least some embodiments, each electrode 708 is coupled to a single different
corresponding terminal 710 on one of the lead bodies 706 via a single conductive wire.
In at least some embodiments, at least one conductive wire extends along each of the

tead bodies 7086.

In at least some embodiments, the electrodes 708 are arranged mto columns 716.
in at Jeast some embodiments, each different column 716 of electrodes is electrically
coupled to terminals disposed on a different onc of the lead bodies 706. In af least some
embodiments, the paddle body 704 includes four columns 716 of electrodes. In at least
some embodiments, cach column 716 includes eight electrodes. In at least some

embodiments, each of the lead bodies 706 are the same length. In at least some
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ernbodiments, at least one of the lead bodies 706 has a length that 1s different from at
least one other of the lead bodies 706. In at least some embodiments, each of the lead

bodies 706 has a different length.

When multiple lead bodies are inserted into a patient, it may be difficult fora
medical practitioner to identify which proximal end of which lead body corresponds to
which electrode(s). Accordingly, it may be an advantage to form the lead bodies 706
with different lengths to distinguish each lead body 706 from the other lead bodies 706,

thereby facilitating identification of which lead bodies include conductive wires coupled

to which electrodes. It will be understood that arranging electrodes into columns and

using different lengths for each of the lead bodies can also facilitate electrode

identification. Additionally (or alternatively), one or more markers can be disposed on
one or more of the {ead bodies 706 to facilitate electrade identification. These
considerations and arrangements also apply equally to each of the below-described

embodiments of the electrical stimulation system.

Any number of lead bodies 706 can be disposed on the paddle lead assembly 702
inchading, for example, two, three, four, or more jead bodies 706, In Figure 7A, the
paddle lead assembly 702 includes four lead bodies 706. In at least some embodiments,

the number of lead bodies 706 is equal to the number of columns 716 of electrodes.

Turning now to Figure 7B, sometimes a iead body is incompatible with a
connector, For example, a lead body may include a number of termumnals that exceeds a
number of conductor contacts disposed in a connector. In at least some embodiments, a
paddle lead assembly may include one or more lead sphitters that receive lead bodies and
split the conductive wires of the received lead bodies into two or more groupings
disposed in splitter bodies that are compatible with, for example, conventional

conneciors.

Figure 7B is a schematic view of a second embodiment of an electrical
stimulation system 730. The electrical stimulation system 730 inchides a paddle lead
assemibly 732, The paddie lead assembly 732 includes a paddle body 734 and lead
bodies 736. An array of electrodes 738 is disposed on the paddie body 734. An array of
terminals 740 is disposed on each of the lead bodies 736, The electrical stimulation

systern 730 also includes lead splitters 742. The lead splitters 742 include connectors

271 .
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744 and splitter lead bodies 746. In at least some embodiments, the connectors 744 are
female connectors, Splitter terminal arrays 748 are disposed on the splitter lead bodies
746. The electrical stimulation system 730 may also 1nclude one or more control

modules 712 and the one or more connectors 714 for coupling the splitter bodies 744 1o

5 the control module(s) 712.

Conductive wires (not shown) extending within the lead splitters 742 electrically
couple connector contacts within the splitter connectors 744 to terminals of the splitter
terminal arrays 748. The splitter conductive wires are split into multiple groupings of
conductive wires. Fach grouping of conductive wires extends within a different splitter

10 body 744. For example, in at least some enmtbodiments, the lead bodies 736 each have
sixteen terminals 740 and the splitfer terminal arrays 748 each have eight terminals.
Thus, in at least some embodiments, a thirty-two electrade paddle tead 732 may be
coupled to two lead bodies 736 each having sixteen terminals 740, and each of two lead
splitters 742 may receive one of the sixteen~terminal lead bodies 736 and couple the

15 sixteen terminals 740 of the received lead body 736 to two splitter terminal arrays 748
cach having eight terminals and each configured and arranged for insertion into the one

or more connectors 714 such that conductive wires within the splitter bodies 744

electrically couple to conductive contacts disposed within one or more ports of the one or

maore connectors 714.

20 Figure 7B shows each lead splitter 742 including two splitter lead bodies 746. It
will be understood that the lead splitiers 742 may include any nureber of sphitter lead
bodies 746 including, for example, three, four, five, six, seven, eight, nine, ten, or more
splitter lead bodies 746. Splitter terminals 748 may be disposed on all, or a portion, of

the sphitier lead bodies 746.

25 In Figure 7B, the splitter lead bodies 746 of one of the lead splitters 742 are
identified as 746a and 746b. In at least some embodiments, at least one of the splitter
lead bodies 746 has a length that is different from at least one other of the splitter lead
bodies 746. For example, in at least some embodiments, the splitter lead bodies 7462
and 746b have different lengths. As discussed above, when muitipie lead bodies and

30 lead splitters are inserted into a patient, it may be difficult for a medical practitioner 10

identify which proximal end of which splitter lead body 746 corresponds to which
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electrode(s). Thus, it may be an advantage to form the splitter lead bodies 746 with
different lengths to distinguish each splitter lead bodies 746 from the other splitter lead
bodies 746, thereby facilitating identification of which splitter lead bodies 746 includes
conductive wires coupled to which electrodes. Additionally (or aiternatively), one or
more markers can be disposed on one or more of the splitter lead bodies 746 to

distingunish each splitter iead bodies 746 from the other splitter lead bodies 746.

Turning now to Figure 7C, in at least some embodiments the electrical
stimulation system includes an intermediate extension element and a plurality of fead
bodies disposed proximally to the intermediate extension element. in at least some
embodiments, the intermediate extension element is coupled to the lead bodies via one or

more junciions.

Conductive wires extending within the extension element are divided at the
junction into multiple distinct groupings of conductive wires. Each distinct grouping of
conductive wires extends within a different proximal element. At least one of the lead
bodies is configured and arranged to couple to a connector such that conductive wires
within the lead body electncally couple 1o connector contacts disposed witnin one or

more ports of the connector.

Figure 7C is a schematic view of a third embodiment of an electrical stimulation
systern 770. The electrical stimulation system 770 includes a paddle lead assembly 774,
The paddle lead assembly 772 includes a paddle body 774 and a lead body arrangement
776. An array of electrodes 778 is disposed on the paddie body 774. The lead body
arrangement 776 includes an intermediate extension element 780 coupled to the paddle
body 774, a plurality of lead bodies 782, and a junction 784 coupling the intermediate
extension element 780 to the plurality of lead bodies 782. An array of terminals 786 1s
disposed on at least one of the plurality of lead bodies 782, The electrical stimulation
system 770 also includes the one or more control modules 712 and the one or more

connectors 714 for coupling the proximal lead bodies 782 to the control module(s) 712,

In at least some embodiments, the cxtension element 708 has a length that is
substantially greater than a length of each of the lead bodies 782. In at least some
embodiments, at least one of the lead bodies 782 has a length that is different than at

icast one other of the lead bodies 782. When multiple lead bodies 782 and junctions 784

~23 -



10

15

23

30

CA 02810692 2013-03-06

WO 2012/036925 PCT/US2011/050400

are inserted into a patient, it may be difficult for a medical practitioner to identify which

proximal end of which lead body corresponds to which electrode(s). Thus, it may be an

advantage to form the lead bodies 782 with different lengths to distinguish each of the
lead bodies 782 from one another, thereby factiitating identification of which lead body

782 includes conductive wires coupled to which electrodes. Additionally (or

alternatively), one or more markers can be disposed on one or more of the lead bodies

782 to distinguish each lead body 782 from the other lead bodies 782.

It may be an advantage to use a paddle lead assembly having a single extension
clement extending from the paddle body 774 because using a single extension element
may reduce patient discomfort during insertion or during the implantation period of the
electrical stimulation system 770, When multiple lead bodies are inserted into a patient
such that each of the lead bodies extends the entire distance between the paddle body and
the control module, multiple tumnels may be bored through patient tissue. Each tunnel
may cause patient discomfort or lead to potential complications during implantation.
Additionally, in order 1o maintain precise positioning of paddie bodies during operation,
some lead bodies may be anchored to patient tissue. Each anchoring may also cause
patient discomfort or lead to potential complications during implantation. It may,
therefore, be an advantage to only anchor a single extension element to patient tissue in

proximity to the paddie body instead of anchoring a plurality of lead bodies.

In at least some embodiments, the cross-sectional profile of the extension element
may be reduced to further reduce patient discomfort. In at least some embodiments, the
extension element may be formed from a single extrusion of one or more polymers {e.g.,

ethylene tetrafluorocthylene, or the like) coated with one or more layers of

biocompatible, biostable insulating material (e.g., polyurethane, silicone, or the like).

Conductive wires can be disposed in the extension element 780 in any
configuration. It may be an advantage to extend conductive wires along the intermediate
extension element 780 arranged into distinct (by sight, by touch, or the like) groupings
that correspond to each of the plurality of lead bodies 782. In at least some
embodiments, one or more dividers may extend along all, or a portion, of the
intermediate extension element 780 to separate one or more of the groupings from one

another. Figure 8A is a schematic transverse cross-sectional view of one embodiment of
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an arrangement of dividers 802 disposed along the intermediate extension element 789,
Figure 81 is a schematic transverse cross-sectional view of a second embodiment of an
arrangement of dividers 802 disposed along the intermediate extension element 780.
Figure 8C is a schematic transverse cross-sectional view of a third embodiment of an

arrangement of dividers 802 disposed along the mtermediate extension element 780,

The transverse profile of the intermediate extension element 780 can be any

geometric or non~-geometric shape inclading, for example, round, oval, rectangular,

rounded rectangular, or the like. In preferred embodiments, the transverse profile of the
extension element is formed so as o reduce patient discomfort. In at least some
least some embodiments, the intermediate extension element 780 does not couple

directly to the one or wore connectors 714,

In at least some embodiments, the plurality of lead bodies 782 each couple to the
junction 784 such that the {ead bodies 782 are stacked mto two or more layers. Figure
9A is a schematic transverse cross-sectional view of one embodiment of the lead bodies
782 extending within the junction 784. The lead bodies 782 are arranged mnto two layers
902 and 904. It will be understood that the lead bodies 782 can be arranged into any

number of layers, and each layer may include any number of lead bodies 732.

In at least some embodiments, the lead bodies 782 couple to the junction 784
such that the lead bodies 782 are arranged into a single layer. Figure 9B is a schematic
transverse cross-sectional view of one embodiment of the lead bodies 782 extending
within the junction 784. The lead bodies 782 are arranged into a single layer 906. It
may be an advantage to couple the lead bodies 782 to the junction 784 in a single layer
because a single layer of lead bodies 782 may produce less patient discomfort than
multiple layers. It may also be an advantage to couple the lead bodies 782 to the
junction 784 in a single layer because the arrangement of the lead bodies 782 may be
configured in a manner that is similar to the arrangement of the electrodes 778, thereby
facilitating identification of which lead body includes terminals coupled to which

electrodes, or columns of electrodes.

Turning now to Figures 10A and 10B, in at least some embodiments the lead

bodies 782 are at least partially coupled together along at least a portion of a longitudinal

225 .
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axis of the lead bodies 782. In at least some embodiments, the fead bodies 782 are
coupled together such that one or more weakened regions (e g, perforations, or the like}
are formed along at least a portion of the coupled portions. In at least some
embodiments, one or more of the lead bodies 782 can be separated from the other lead
bodies 782 along one or more of the weakened regions and inserted into a connector. it
will be understood that the lead bodies 706, or the lead splitter bodies 746 can also be

simitlarly coupled together by one or more weakened regions.

Figure 10A is a schematic side view of one embodiment of proximal ends of the

lcad bodies 782. The lead bodies 782 are arranged in a single layer such that the lead

bodies 782 are in a side-by-side configuration. The lead bodies 782 are coupled together

by ong or more weakened regions, such as weakened region 1002 extending along a
longitudinal axis, shown in Figure 10A as av arrow 1004, {n ot least some embodiments,
one or more of the weakened regions may be separated to partially detach one or more of

the lead bodies 782 from one or more other of the lead bodies 782,

Figure 108 is a schematic side view of one embodiment of proximal ends of the
tead bodies 782. One of the weakened regions 1002 has been separated along a
proximal-most portion of the weakened region to partially separate one of the lead bodies
782 from the other lead bodies 782. In at least some embodiments, the separated lead
body 782 can be inserted into a connector {e.g. of a control module, a lead extension, or
the like). In at least some embodiments, the one or more weakened regions 1002 can be
separated by a medical practitioner during implantation of the electrical stimulation
system 770. In at least some embodiments, the one or more weakened regions 1002 can

be separated after the paddle lead assembly 772 1s tnserted into a patient.

Figure 11 is a schematic overview of one embodiment of components of an

electrical stimnulation system 1100 including an electronic subassembly 1110 disposed
within a control module. It will be understood that the electrical stimulation system can
inchude more, fewer, or different components and can have a vanety of different
configurations including those configurations disclosed in the stimulator references cited

herein.,

Some of the components (for example, power source 1112, antenna 1118,

receiver 1102, and processor 1104) of the electrical stimulation system can be positioned

- 25 ~
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on one or more circuit boards or similar carners within a sealed bousing of an
implantable pulse generator, if desired. Any power source 1112 can be used including,
for example, a battery such as a primary battery or a rechargeable battery. Examples of
other power sources include super capacitors, nuclear or atomic baiteries, mechanical
resonators, infrared coliectors, thermally~-powered energy sources, tiexural powered
energy sources, bioenergy power sources, fuel cells, bioelectric cells, osmotic pressure

pamps, and the like including the power sources described in U.S. Patent Application

Publication No. 2004/0059392, mmcorporated herein by reference.

As another alternative, power can be supplied by an external power source
through inductive coupling via the optional antenna 1118 or a secondary antenna. The
external power source can be in a device that is mounted on the skin of the userorin a

unit that is provided near the user on a permanent or periodic basis.

If the power source 1112 is a rechargeable battery, the battery may be recharged

asing the optional antenna 1118, if desired. Power can be provided to the battery for

recharging by inductively coupling the battery through the antenna to a recharging unit

1116 external to the user. Examples of such arrangements can be found in the references

1dentified above.

In one embodiment, electrical current 1s emitted by the electrodes 134 on the
paddie or lead body to stimulate nerve fibers, muscle fibers, or other body tissues near
the electrical stimulation system. A processor 1104 is generally included to control the
timing and electrical characteristics of the electrical stimulation system. For example,
the processor 1104 can, if desired, control one or more of the timing, frequency, strength,
doration, and waveform of the pulses. In addition, the processor 1104 can select which

electrodes can be used to provide stimulation, if desired. In some embodiments, the

processor 1104 may select which electrode(s) are cathodes and which electrode(s) are

anodes. In some embodiments, the processor 1104 may be used to identify which

electrodes provide the most useful stimulation of the desired tissue.

Aty processor can be used and can be as simple as an electronic device that, for
example, produces pulses at a regular interval or the processor can be capable of
receiving and interpreting instructions from an external programming unit 1108 that, for

example, allows modification of pulse characteristics. In the {llustrated embodiment, the
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processor 1104 is coupled to a receiver 1102 which, in turn, is coupled to the optional
antenna 1118, This allows the processor 1104 to receive instructions from an external
source to, for example, direct the pulse characteristics and the selection of electrodes, if

desired.

In one embodiment, the antenna 1118 1s capable of receiving signals (e g, RF
signals) from an external telemetry unit 1106 which is programmed by a programming
unit 1108, The progranmuming unit 1108 can be external to, or patt of, the telemetry unit
1106. The telemetry unit 1106 can be a device that is worn on the skin of the user or can
be carried by the user and can have a form similar to a pager, cellular phone, or remote
control, if desired. As another alternative, the telemetry unit 1106 may not be worn or
carried by the user but may only be available at a home station or at a clinician’s office.
The programming unit 1108 can be any unit that can provide information (o the

telemetry unit 1106 for transmission to the electrical stimulation system 1100, The

programming unit 1108 can be part of the telemetry unit 1106 or can provide signals or

information to the telemetry unit 1106 via a2 wireless or wired connection. One example
of a suitable programming unit 1s a computer operated by the user or clinucian to send

signals to the telemetry unit 1166,

The signals sent to the processor 1104 via the antenna 1118 and receiver 1102
can be used to modify or otherwise direct the operation of the electrical stimulation
system. For example, the signals may be used to modify the pulses of the electrical
stimulation system such as modifving one or more of pulse duration, pulse frequency,
pulse waveform, and pulse strength, The signals may also direct the electrical
stimulation system 1100 to cease operation, o start operation, to start charging the
battery, or to stop charging the battery. In other embodiments, the stimulation system
does not include an antenna 1118 or receiver 1102 and the processor 1104 operates as

programmed.

Optionally, the electrical stimulation system 1100 may include a transmitter (not
shown) coupled to the processor 1104 and the antenna 1118 for transmitting signals back
to the telemetry unit 1106 or another unit capable of receiving the signals. For example,
the electrical stimulation system 1100 may transmit signals indicating whether the

electrical stimulation system 1100 is operating properly or not or indicating when the

"2~
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battery needs to be charged or the level of charge remaining in the battery. The
processor 1104 may aiso be capable of transmitting information about the pulse

characteristics so that a user or clinician can determuine or verify the characteristics.

The above specification, examples and data provide a description of the
manufacture and use of the composition of the invention. Since many embodiments of
the invention can be made without departing from the spirit and scope of the invention,

the invention also resides in the claims hereinafier appended.
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CLAIMS
What is claimed as new and desired to be protected by Letters Patent of the United

Siates is:

i, A paddle lead assembly for providing electrical stimulation of patient tissue,
the lcad comprising:

a paddle body having a longitudinal axis and a lateral axis transverse to the
fongitudinal axis, the paddle body comprising a plurality of electrodes disposed into at least
four columns extending parallel with the longttudinal axis, the at least fowr columns
comprising two lateral columns and at least two medial columns disposed therebetween
such that the two lateral columns flank the at least two medial columns, wherein the
electrodes of the at least two medial columns are arranged into rows aligned along the
transverse axis, wherein the electrodes of the two lateral columns are cach longitudinally
offset from the rows of electrodes of the at least two medial columns;

a plurality of lead bodies coupled to the paddie body;

an array of terminals disposed on each of the at least one lead bodies; and

a plurality of conductive wires, each conductive wire coupling one of the electrodes
to at least one terminal of at {east one of the terminal arrays.

e The paddle lead assembly of claim 1, wherein the elecirodes of the paddie

body are arranged into four columns.

3, The paddle lead assembly of claim 1, wherein each of the at least four

columns comprises eight elecirodes.

4, The paddie lead assembly of claim 1, wherein the paddle lead assembly
comprises four lead bodies, and wherein the array of terminals disposed on each of the four

lead bodies comprises eight terminals.
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3. The paddle lead assembly of claim 4, wherein the paddie lead assembly
comprises an intermediate extension element coupling the paddie body to a junction, and

wherein the four lead bodies are each coupled to the junction,

0. The paddie lead assembly of claim 1, wherein the paddle lead assembly
comprises two lead bodies, and wherein the array of terminals disposed on each of the two

lead bodics comprises eight ferminals,
7. The paddie lead assembly of claim 1, wherein at least one of the electrodes of
each of the at least two medial columns is configured and arranged to function as one of a

cathode or apn anode.

Q. The paddie lead assembly of claim 1, wherein cach of the columns of

clectrodes has equal longitudinal center-to-center spacing between longitudinally-adjacent

alectrodes.

9. The paddle lead assembly of ¢laim 8, wherein the longitudinal center-to-

center spacing between longitudinally-adjacent electrodes 1s no more than six millimeters.

10.  The paddle lead assembly of claim 8, wherein the tongitudinal center-to-

center spacing between longitudinally-adjacent electrodes is greater than six millimeters.

11, The paddle lead assembly of claim 1, wherein the pharality of electrodes
comprises thirty-two electrodes, and wherein a total number of terminals disposed

collectively on each of the arrays of terminals is thirty-two terminals.

12, An elecirical stimulating sysiem comprising:
the paddle lead assembly of claim 1;
at least one control module configured and arranged to electrically couple to each of
the electrodes, each of the at least one control module comprising
a housing, and

T
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an electronic subassembly disposed in the housing; and

a connector assembly for receiving at least one of the lead bodies, the connector
assernbly comprising

a connector housing defining a port at a distal end of the connector housing,
the port configured and arranged for receiving a portion of one of the plurality of
lead bodies, and

a plurality of connector contacts disposed in the connector housing, the
connector contacts configured and arranged to couple to at least one of the plurality

of terminals disposed on each of the at least one of the lead bodies.

13, The electrical stimulating system of claim 12, wherein the at least one control
module has 32 independently programmable stimulation channels for delivering constant

current stimuius pulses.

14, The clectrical stimulating system of claim 12, wheremn the housing of the at

15.  The electrical stimulating system of claim 12, wherein the connector 18

disposed on the control module,

16.  The electrical stimulating system of claim 12, further inchiding a lead
extension having a distal end and at least one proximal end, the connector disposed on the

distal end of the lead extension,
17, The electrical stimulating system of claim 16, wherein at least one of the
proximal ends of the lead extension is configured and arranged for insertion into another

COnRECor.

18.  The electrical stimulating system of claim 12, wherein the paddie lead

assembly comprises two lead bodies, each of the two lead bodies having 16 terminals and

.37 .
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two lead splitters, wherein each of the two lead splitters comprises two splitter lead bodies,

and wherein each of the two lead splitter bodies comprises eight termunalg,

19, The electrical stimulating system of claim 12, wherein the paddle lead
assembly comprises att intermediate extension element coupling the paddie body to a

junction, and wherein the four lead bodies are each coupled to the junction.

20. A method for treating lower back pain, the method comprising:

providing the paddle lead assembly of claim 9;

inserting the paddle body of the paddle lead assembly into an epidural space of a
patient such that at least some of the electrodes are disposed n proximity to the thoracic
region of the patient’s spine; and

providing current to at least some of the electrodes from an electrically coupled

puise generator.

21, The method of claim 20, wherein inserting the paddle body of the paddle
lead assembly into the epidural space of the patient comprises inserting the paddle body into
the epidural space of the patient such that the longitudinal axis of the paddle body aligns

with the patient’s spinal cord.

22.  The method of claim 20, wherein providing current to at least some of the
electrodes from an elecirically coupled pulse generator comprises providing current to at
least one of the rows of electrodes disposed in the at least two medial columns such that
those electrodes operate as cathodes, and providing current to at least one electrode of each
of the lateral columns such that those electrodes operate as anodes, and wherein the
electrodes operating as anodes are longitudinally offset along the paddie body from the

electrodes operating as cathodes,

23. A method for treating middle or upper back pain, the method comprising:

providing the paddie lead assembly of claim 10;

.33 .
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inserting the paddle body of the paddle lead assembly into an epidural space of a
patient such that at least some of the electrodes are disposed in proximity to the thoracic
region of the patient’s spine; and

providing current to at least some of the electrodes from an electrically coupled

pulse generator.

24.  The method of ¢claim 23, wherein providing current to at least some of the
clectrodes from an electrically coupled pulse generator comprises providing current 1o at
least one of the rows of electrodes disposed in the at least two medial columns such that
those electrodes operate as cathodes, and providing current to at least one electrode of each
of the laterat cobumns such that those clectrodes operate as anodes, and wherem the
electrodes operating as anodes are longitudinally offset along the paddle body from the

electrodes operating as cathodes.

25. The method of claim 23, wherein providing current 1o at least one of the rows
of electrodes disposed in the at least two medial columns such that those electrodes operate
as cathodes comprises providing current to a first cathode and a second cathode of one of
the rows of electrodes such that the first cathode receives a different level of current than the

second cathode.
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