wo 2016/130575 A1 |1 NF 1 00O 0000 00 A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/130575 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

18 August 2016 (18.08.2016) WIPOIPCT
International Patent Classification: (81)
A61B 17/34 (2006.01) AG6IN 1/05 (2006.01)

International Application Number:

PCT/US2016/017191

International Filing Date:
9 February 2016 (09.02.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/116,018 13 February 2015 (13.02.2015) US

Applicant: BOSTON SCIENTIFIC NEUROMODULA-
TION CORPORATION [US/US]; 25155 Rye Canyon
Loop, Valencia, CA 91355 (US).

Inventors;: BURCKHARDT, Laura; 1726 White Oak
Lane, Union City, CA 94587 (US). GOVEA, Michael, X.;
1137 N Lousie St., #5, Glendale, CA 91207 (US).

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

(84)

Designated States (uniess 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,
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, 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, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, 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))

[Continued on next page]

(54) Title: RETRACTOR AND TOOLS FOR IMPLANTATION OF ELECTRICAL STIMULATION LEADS

(57) Abstract: A retractor for implanting a paddle
lead of an electrical stimulation system includes a
shaft defining a length, an interior lumen, a first end
for receiving tools or the paddle lead, and a second
end opposite the first end and configured and ar-
ranged for insertion into tissue of a patient; a handle
coupled to the shaft; and at least one divider dis-
posed within the interior lumen and dividing a por-
tion of the interior lumen into at least two compart-
ments, wherein the at least one divider extends from
at or near the first end of the shaft and no more than
70% of the length of the shaft. At least one of the
compartments is sized for implantation of a paddle
lead of an electrical stimulation system therethrough.



WO 2016/130575 A1 WAL 00N 0O O

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

30

WO 2016/130575 PCT/US2016/017191

RETRACTOR AND TOOLS FOR IMPLANTATION OF ELECTRICAL
STIMULATION LEADS AND METHODS OF USING AND MANUFACTURE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional

Patent Application Serial No. 62/116,018, filed February 13, 2015, which is incorporated

herein by reference.

FIELD
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 retractors and tools for the implantation of electrical stimulation leads, as well

as methods of making and using the retractors, tools, and electrical stimulation systems.

BACKGROUND

Implantable electrical stimulation systems have proven therapeutic in a variety of
diseases and disorders. For example, spinal cord stimulation systems have been used as a
therapeutic modality for the treatment of chronic pain syndromes. Peripheral nerve
stimulation has been used to treat 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.

BRIEF SUMMARY

One embodiment is a retractor for implanting a paddle lead of an electrical
stimulation system. The retractor includes a shaft defining a length, an interior lumen, a
first end for receiving tools or the paddle lead, and a second end opposite the first end and

configured and arranged for insertion into tissue of a patient; a handle coupled to the
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shaft; and at least one divider disposed within the interior lumen and dividing a portion of
the interior lumen into at least two compartments, wherein the at least one divider extends
from at or near the first end of the shaft and no more than 70% of the length of the shaft.

At least one of the compartments is sized for implantation of a paddle lead of an electrical

stimulation system therethrough.

In at least some embodiments, the at least one divider extends at least 40% of the
length of the shaft. In at least some embodiments, the at least one divider is two dividers
that divide the portion of the interior lumen into three compartments. In at least some
embodiments, the three compartments form two side ports and a central port disposed
between the two side ports. In at least some embodiments, the central port is larger than
either of the two side ports and the central port is sized for implantation of the paddle lead

of the electrical stimulation system therethrough.

Another embodiment is an implantation kit that includes any of the retractors
described above; and an electrical stimulation lead, including a paddle body, at least one
lead body having a distal end portion, a proximal end portion, and a longitudinal length,
the distal end of each of the at least one lead body coupled to the paddle body, electrodes
disposed in at least two columns on the paddle body, terminals disposed along the
proximal end portion of each of the at least one lead body, and conductors electrically
coupling the terminals to the electrodes, where at least one of the compartments is sized

for implantation of the paddle lead therethrough.

In at least some embodiments, the retractor or the implantation kit includes a filler
configured and arranged for insertion into the shaft of the retractor. The filler includes a
handle and filler fingers coupled to the handle and configured and arranged to
substantially fill the shaft of the retractor. The filler fingers are separated by at least one
gap configured and arranged to align with the at least one divider of the retractor when

the filler is inserted into the retractor.

In at least some embodiments, the retractor or the implantation kit includes at least
one blade tool. Each blade tool includes an actuator, a rod coupled to the actuator, and a
blade movably coupled to the rod and configured and arranged to move back and forth in

response to the actuator. Each blade tool is configured and arranged so that the blade and
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rod can be inserted through the first end of the shaft into one of the compartments of the

shaft of the retractor and the blade can be extended out of the second end of the shaft.

In at least some embodiments, the retractor or the implantation kit includes an
actuator tool configured and arranged for insertion through the first end of the retractor
into one of the compartments of the shaft of the retractor; and at least one blade tool.
Each blade tool includes a handle, a rod coupled to the handle, and a blade movably
coupled to the rod and configured and arranged to move back and forth in response to the
actuator tool. Each blade tool is configured and arranged so that the blade and rod can be
inserted through the first end of the shaft into one of the compartments of the shaft of the
retractor and the blade can be extended out of the second end of the shaft. In at least
some embodiments, the blade of each of the at least one blade tool has a first magnetic

polarity and the actuator tool has a second magnetic polarity opposite the first magnetic

polarity.

In at least some embodiments that include a blade tool, the at least one divider is
two dividers that divide the portion of the interior lumen into three compartments and the

at least one blade tool is two blade tools.

In at least some embodiments, the implantation kit also includes a series of
introducers, wherein each introducer in the series has a diameter larger than a preceding
one of the introducers in the series. In at least some embodiments, the implantation kit
also includes a control module coupleable to the electrical stimulation lead. In at least
some embodiments, the implantation kit also includes a lead extension coupleable to the

control module and the electrical stimulation lead.

Another embodiment is a method of implanting an electrical stimulation lead.
The method includes providing any of the implantation kits described above; inserting the
second end of the retractor into tissue of the patient; and implanting the paddle body of
the electrical stimulation lead into the patient through one of the at least one compartment

of the retractor.
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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.

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

drawings, wherein:

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

10 invention;

FIG. 2A is a schematic side view of one embodiment of the control module of
FIG. 1 configured and arranged to electrically couple to an elongated device, according to

the invention;

FIG. 2B is a schematic side view of one embodiment of a lead extension
15  configured and arranged to electrically couple the elongated device of FIG. 2A to the

control module of FIG. 1, according to the invention;

FIG. 3A is a schematic perspective view of one embodiment of a retractor for

implanting a paddle lead, according to the invention;

FIG. 3B is a schematic perspective view of the handle and a portion of the shaft of
20  the retractor of FIG. 3A, according to the invention;

FIG. 3C is a schematic top view of the retractor of FIG. 3A, according to the

invention;

FIG. 4A is a schematic perspective view of one embodiment of a filler for

insertion into the retractor of FIG. 3A, according to the invention,;

25 FIG. 4B is a schematic side view of the filler of FIG. 4A inserted into the retractor

of FIG. 3A, according to the invention,;
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FIG. 5A is a schematic perspective view of one embodiment of a pair of blade

tools for use with the retractor of FIG. 3A, according to the invention;

FIG. 5B is a schematic side view of a top portion of the blade tool of FIG. SA

including a knob, axle, rod, and cable, according to the invention;

5 FIG. 5C is a schematic side view of a bottom portion of the blade tool of FIG. SA

including a portion of the blade, axle, rod, and cable, according to the invention;

FIG. 5D is a schematic side view of the blade tools of FIG. 5A inserted into the

retractor of FIG. 3A, according to the invention;

FIG. SE is a schematic top view of the blade tools and retractor of FIG. 5D,

10 according to the invention;

FIG. 6A is a schematic side view of another embodiment of a pair of blade tools
inserted into the retractor of FIG. 3A with the blades in an open position, according to the

invention;

FIG. 6B is a schematic side view of the pair of blade tools and retractor of FIG.

15  6A and an actuator tool with the blades in a closed position, according to the invention;

FIG. 6C is a schematic close-up of the blades and rods of the blade tools in FIG.

6A, according to the invention;

FIG. 6D is a schematic close-up of the blades and rods of the blade tools and the

actuator tool in FIG. 6B, according to the invention;

20 FIG. 7A is a schematic side view of one embodiment of a guide wire and series of

introducers for use with a retractor, according to the invention;

FIG. 7B is a schematic side view of one of the introducers of FIG. 7A with the

guide wire and other introducers removed, according to the invention; and

FIG. 8 is a schematic overview of one embodiment of components of a
25  stimulation system, including an electronic subassembly disposed within a control

module, according to the invention.
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DETAILED DESCRIPTION

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 retractors and tools for the implantation of electrical stimulation leads, as well

as methods of making and using the retractors, tools, and electrical stimulation systems.

Suitable implantable electrical stimulation systems include, but are not limited to,
a least one lead with one or more electrodes disposed along a distal end of the lead and
one or more terminals disposed along the one or more proximal ends of the lead. Leads
include, for example, percutaneous leads, paddle leads, and cuff leads. Examples 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: 6,741,892: 7,949,395: 7,244.150; 7,672,734
and 7,761,165; 7,974,706, and 8,175,710, 8,224,450; 8,364,278; U.S. Patent Application
Publication No. 2007/0150036, all of which are incorporated 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 and a lead 103 coupleable to the control module 102.
The lead 103 includes a paddle body 104 and one or more lead bodies 106. In Figure 1,
the lead 103 is shown having two lead bodies 106. It will be understood that the lead 103
can include any suitable number of lead bodies including, for example, one, two, three,
four, five, six, seven, eight or more lead bodies 106. An array of electrodes 133, such as
electrode 134, is disposed on the paddle body 104, and an array of terminals (e.g., 210 in
Figure 2A-2B) is disposed along each of the one or more lead bodies 106.

The lead 103 can be coupled to the control module 102 in any suitable manner. In
Figure 1, the lead 103 is shown coupling directly to the control module 102. In at least
some other embodiments, the lead 103 couples to the control module 102 via one or more
intermediate devices. For example, in at least some embodiments one or more lead
extensions 224 (see e.g., Figure 2B) can be disposed between the lead 103 and the control
module 102 to extend the distance between the lead 103 and the control module 102.
Other intermediate devices may be used in addition to, or in lieu of, one or more lead
extensions including, for example, a splitter, an adaptor, or the like or combinations

thereof. It will be understood that, in the case where the electrical stimulation system 100
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includes multiple elongated devices disposed between the lead 103 and the control

module 102, the intermediate devices may be configured into any suitable arrangement.

The control module 102 typically includes a connector housing 112 and a sealed
electronics housing 114. An electronic subassembly 110 and an optional power source
120 are disposed in the electronics housing 114. A control module connector 144 is
disposed in the connector housing 112. The control module connector 144 is configured
and arranged to make an electrical connection between the lead 103 and the electronic

subassembly 110 of the control module 102.

The electrical stimulation system or components of the electrical stimulation
system, including the paddle body 104, the one or more of the lead bodies 106, and the
control module 102, are typically implanted into the body of a patient. The electrical
stimulation system can be used for a variety of applications including, but not limited to

neural stimulation, spinal cord stimulation, muscle stimulation, and the like.

The electrodes 134 can be formed using any conductive, biocompatible material.
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 of: platinum, platinum

iridium, palladium, palladium rhodium, or titanium.

Any suitable number of electrodes 134 can be disposed on the paddle body
including, for example, four, five, six, seven, eight, nine, ten, eleven, twelve, fourteen,
sixteen, twenty-four, thirty-two, or more electrodes 134. The electrodes 134 can be
disposed on the paddle body 104 in any suitable arrangement. In Figure 1, the electrodes

134 are arranged into two columns, where each column has eight electrodes 134.

The electrodes of the paddle body 104 are typically disposed in, or separated by, a
non-conductive, biocompatible material such as, for example, silicone, polyurethane,
polyetheretherketone (“PEEK”), epoxy, and the like or combinations thereof. The paddle
body 104 and the 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. The non-conductive material typically extends from the paddle body 104 to the

proximal end of each of the one or more lead bodies 106. The non-conductive,
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biocompatible material of the paddle body 104 and the one or more lead bodies 106 may
be the same or different. The paddle 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 Figures 2A-2B) are typically disposed along the proximal
end of the one or more lead bodies 106 of the electrical stimulation system 100 (as well as
any splitters, lead extensions, adaptors, or the like) for electrical connection to
corresponding connector contacts (e.g., 214 in Figures 2A-2B). The connector contacts
are disposed in connectors (e.g., 144 in Figures 1-2B; and 222 Figure 2B) which, in turn,
are disposed on, for example, the control module 102 (or a lead extension, a splitter, an
adaptor, or the like). Electrically conductive wires, cables, or the like (not shown) extend
from the terminals to the electrodes 134. Typically, one or more electrodes 134 are
electrically coupled to each terminal. In at least some embodiments, each terminal is only

connected to one electrode 134.

The electrically conductive wires (“conductors”) may be embedded in the non-
conductive material of the lead body 106 or can be disposed in one or more lumens (not
shown) extending along the lead body 106. In some embodiments, there is an individual
lumen for each conductor. In other embodiments, two or more conductors extend through
alumen. There may also be one or more lumens (not shown) that open at, or near, the
proximal end of the one or more lead bodies 106, for example, for inserting a stylet to
facilitate placement of the one or more lead bodies 106 within a body of a patient.
Additionally, there may be one or more lumens (not shown) that open at, or near, the
distal end of the one or more lead bodies 106, for example, for infusion of drugs or
medication into the site of implantation of the one or more lead bodies 106. In at least
one embodiment, the one or more lumens are flushed continually, or on a regular basis,
with saline, epidural fluid, or the like. In at least some embodiments, the one or more

lumens are permanently or removably sealable at the distal end.

Figure 2A is a schematic side view of one embodiment of a proximal end of one
or more elongated devices 200 configured and arranged for coupling to one embodiment
of the control module connector 144. The one or more elongated devices may include,

for example, one or more of the lead bodies 106 of Figure 1, one or more intermediate
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devices (e.g., a splitter, the lead extension 224 of Figure 2B, an adaptor, or the like or

combinations thereof), or a combination thereof.

The control module connector 144 defines at least one port into which a proximal
end of the elongated device 200 can be inserted, as shown by directional arrows 212a and
212b. In Figure 2A (and in other figures), the connector housing 112 is shown having
two ports 204a and 204b. The connector housing 112 can define any suitable number of

ports including, for example, one, two, three, four, five, six, seven, eight, or more ports.

The control module connector 144 also includes a plurality of connector contacts,
such as connector contact 214, disposed within each port 204a and 204b. When the
elongated device 200 is inserted into the ports 204a and 204b, the connector contacts 214
can be aligned with a plurality of terminals 210 disposed along the proximal end(s) of the
elongated device(s) 200 to electrically couple the control module 102 to the electrodes
(134 of Figure 1) disposed on the paddle body 104 of the lead 103. Examples of
connectors in control modules are found in, for example, U.S. Patents Nos. 7,244,150 and

8,224,450, which are incorporated by reference.

Figure 2B is a schematic side view of another embodiment of the electrical
stimulation system 100. The electrical stimulation system 100 includes a lead extension
224 that is configured and arranged to couple one or more elongated devices 200 (e.g.,
one of the lead bodies 106 of Figure 1, a splitter, an adaptor, another lead extension, or
the like or combinations thereof) to the control module 102. In Figure 2B, the lead
extension 224 is shown coupled to a single port 204 defined in the control module
connector 144. Additionally, the lead extension 224 is shown configured and arranged to
couple to a single elongated device 200. In alternate embodiments, the lead extension
224 1s configured and arranged to couple to multiple ports 204 defined in the control
module connector 144 (e.g., the ports 204a and 204b of Figure 1), or to receive multiple
elongated devices 200 (e.g., both of the lead bodies 106 of Figure 1), or both.

A lead extension connector 222 is disposed on the lead extension 224. In Figure
2B, the lead extension connector 222 is shown disposed at a distal end 226 of the lead
extension 224. The lead extension connector 222 includes a connector housing 228. The

connector housing 228 defines at least one port 230 into which terminals 210 of the
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elongated device 200 can be inserted, as shown by directional arrow 238. The connector
housing 228 also includes a plurality of connector contacts, such as connector contact
240. When the elongated device 200 is inserted into the port 230, the connector contacts
240 disposed in the connector housing 228 can be aligned with the terminals 210 of the
elongated device 200 to electrically couple the lead extension 224 to the electrodes (134
of Figure 1) disposed along the lead (103 in Figure 1).

In at least some embodiments, the proximal end of the lead extension 224 is
similarly configured and arranged as a proximal end of the lead 103 (or other elongated
device 200). The lead extension 224 may include a plurality of electrically conductive
wires (not shown) that electrically couple the connector contacts 240 to a proximal end
248 of the lead extension 224 that is opposite to the distal end 226. In at least some
embodiments, the conductive wires disposed in the lead extension 224 can be electrically
coupled to a plurality of terminals (not shown) disposed along the proximal end 248 of
the lead extension 224. In at least some embodiments, the proximal end 248 of the lead
extension 224 is configured and arranged for insertion into a connector disposed in
another lead extension (or another intermediate device). In other embodiments (and as
shown in Figure 2B), the proximal end 248 of the lead extension 224 is configured and

arranged for insertion into the control module connector 144.

Paddle leads are often implanted into the spinal cord by laminectomy or
laminotomy techniques. It is desirable, however, to identify other implantation methods
that are less invasive. Such less invasive methods can have one or more advantages such
as, for example, less patient or tissue trauma, a lower risk of infection, less healing time,
less scarring, less surgical time, or any combination thereof. Tools can be developed to

assist in percutaneous delivery and implantation of paddle leads.

As described herein, a retractor tool can be used for delivery and implantation of a
paddle lead. In at least some embodiments, a guide wire 790 can be inserted in the
patient and a series of two or more introducers 792, 794, 796 (for example, dilators,
needles, or the like) can be sequentially introduced over the guide wire 790 and used to
create an opening through the tissue for the retractor, as illustrated in Figure 7A. The
introducers in the series have increasing diameter. The smallest diameter introducer 792

is inserted first over the guide wire 790 through the tissue and then each succeeding

-10 -
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introducer in the series is inserted over one or more of the preceding introducers to
increase the size of the opening through the tissue. An example of the use of series of
introducers can be found at U.S. Patent No. 8,849,422 incorporated herein by reference.
Each preceding introducer can be removed after inserting the next introducer in the series
or the preceding introducers can be removed together after the last introducer 796 is
inserted over the guide wire 790 leaving the last introducer 796, as illustrated in Figure
7B. Optionally, a sheath can be inserted into the introducer 796 and the introducer may
then be removed. The last introducer 796 or sheath can then be used for insertion of other
surgical instruments such as the retractor described below. In other embodiments, a
sheath is not used and the retractor or other surgical instrument is inserted through the last

introducer.

Figures 3A-3C illustrate one embodiment of a retractor 350 that includes a shaft
352, a handle 354, and at least one divider 356 which extends from the top 351 of the
shaft at least partway down the shaft. The bottom 353 of the shaft 352 can be beveled to
aid in insertion and can also be sharpened. The shaft 352 has an oval or circular cross-
sectional shape and is divided at the top 351 of (and at least partway down) the shaft into
two or more compartments 358a, 358b, 358c by the one or more dividers 356, as
illustrated in Figure 3C. In the illustrated embodiment, the compartment 358a is a middle
port and the compartments 358b, 358¢ are two side ports. The two side ports may be
equal in size (e.g., volume or cross-sectional area) or may differ in size. In some
embodiments, the middle port is equal in size with one or more of the side port(s). In
other embodiments, the middle port is larger in size than each side port. The top 351 of
the shaft 352 receives tools or a paddle lead and the bottom 353 of the shaft 352 is

designed for insertion into tissue of a patient.

The retractor 350 can have any suitable number of dividers 356 including, but not
limited to, one, two, or three dividers. In at least some embodiments, the one or more
dividers 356 extend at least 30%, 40%, 45%, 50%, 55%, 60%, 66%, 70%, or 75% of the
length of the shaft 352. In at least some embodiments, the one or more dividers 356
extend no more than 75%, 70%, 66%, 60%, or 50% of the length of the shaft. In some
embodiments with multiple dividers, all of the dividers extend the same distance along

the length of the shaft. In other embodiments with multiple dividers, the dividers extend

-11 -
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different distances along the length of the shaft. In the illustrated embodiment, the one or
more dividers 356 extend to the top 351 of the shaft 352. In other embodiments, the one
or more dividers 356 may terminate before the top 351 of the shaft 352. In some
embodiments, the one or more dividers 356 may be removable from the shaft 352. In
other embodiments, the one or more dividers 356 are not removable from the shaft 352

and may be integrally formed as a single piece with the shaft 352.

The handle 354 is coupled to the top 351 (or near the top) of the shaft 352. In
some embodiments, the handle 354 is removable from the shaft 352 and may be, for
example, snap fit or otherwise removably attached to the shaft. A removable handle may
be useful if the introducer is to be removed over the retractor. In other embodiments, the
handle 354 is non-removably attached to the shaft 352 and may be integrally formed as a
single piece with the shaft. In at least some embodiments, the handle 354 can include
grooves 355, ridges, dimples, or other surface roughening or surface features to facilitate

gripping of the handle or to provide a tactile feel to the handle.

The shaft 352 can be made of any suitable material including, but not limited to,
metal, plastic, or any combination thereof. The handle 354 and one or more dividers 356
can be made of the same material as the shaft 352 or different materials. In at least some
embodiments, the shaft has a length in the range of 3 to 6 inches (about 7.5 to 15 cm),
although other lengths can be used and may depend on the implantation site. In some
embodiments the shaft has a fixed length and in other embodiments the length of the shaft
may be varied, for example, if the shaft contains telescoping sections. In at least some
embodiments, the shaft 352 has transverse cross-sectional diameters in a range of 0.5 to 4
inches (about 1.2 to 10.2 cm) or in a range of 1 to 3 inches (about 2.5to 7.6 cm) orin a
range of 1 to 2.5 inches (about 2.5 to 6.3 cm), although other transverse cross-sectional
diameters can be used and may depend on the implantation site or the width of the paddle
lead. In one embodiment, the compartment 358a has cross-sectional dimensions of 1.5
inches (about 3.8 cm) by 1 inch (about 2.5 ¢cm), although other embodiments may have
different dimensions. In at least some embodiments, the bottom 353 of the shaft 352 is
angle in a range of 10 to 40 degrees or in a range of 15 to 35 degrees, although other

angles (or no angle at all) can also be used.

-12-
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In at least some embodiments, a filler is inserted into the shaft of the retractor
during insertion of the shaft into the body of the patient to prevent or reduce coring of
tissue by the shaft. It will be recognized that in other embodiments, a filler is not inserted
into the retractor when the retractor is inserted into the patient. In particular, the filler
may not be needed if the introducers sufficiently open up the patient or reduce the

likelihood or effects of tissue coring.

Figure 4A illustrates one embodiment of a filler 360 that includes a handle 362, a
collar 364, and two or more filler fingers 366 that are spaced apart by one or more gaps
368. Figure 4B illustrates the filler 360 inserted into shaft 352 of the retractor 350 of
Figure 3A. The filler fingers 366 of the filler 360 substantially fills the compartments of
the shaft 352, particularly near the bottom 353 (Figure 3A) of the shaft. The one or more
gaps 368 of the filler 360 align with the one or more dividers 356 of the retractor 350. As
illustrated in Figure 4B, the collar 364 of the filler 360 can sit on top of the retractor 350.
In other embodiments, the collar may fit within the retractor. In at least some
embodiments, the handle 362 of the filler 360 is disposed opposite of the handle 354 of
the retractor 350, although in other embodiments the two handles may be disposed with

one over the other or in any other arrangement.

The filler fingers 366 can be made of any suitable material including, but not
limited to, metal, plastic, or any combination thereof. The collar 364 and handle 362 of
the filler 360 can be made of the same material as the filler fingers 366 or different

materials. If the shaft 352 is beveled, the filler fingers 366 may be similarly beveled.

The handle 362 is coupled to the collar 364 of the filler 360. In some
embodiments, the handle 362 is removable from the collar 364 and may be, for example,
snap fit or otherwise removably attached to the collar. In other embodiments, the handle
362 is non-removably attached to the collar 364 and may be integrally formed with the
collar. In at least some embodiments, the handle 362 can include grooves 361, ridges,
dimples, or other surface roughening or surface features to facilitate gripping of the
handle or to provide a tactile feel to the handle. In some embodiments, the filler fingers
366 are removable from the collar 364 and may be, for example, snap fit, attached with a

fastener 363 (e.g., a screw, bolt, or nut), or otherwise removably attached to the collar. In
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other embodiments, the filler fingers are non-removably attached to the collar 364 and

may be integrally formed with the collar.

With the filler 360 removed, the paddle lead can be implanted through one of the
compartments 358a, 358b, 358¢ of the retractor 350. In at least some embodiments, the
paddle lead is implanted through the center port of compartment 358a, but implantation
through one of the side ports of compartments 358b, 358c may be possible if those ports

are of sufficient size.

In addition to implantation of the paddle lead, the compartments 358a, 358b, 358¢
can also be used for insertion of one or more tools, sensors, test equipment or probes, or
other devices into the patient. Examples include, but are not limited to, a hook or other
mechanism to secure the retractor to tissue (for example, a hook or other securing
mechanism through one or both of the side ports), an endoscope, a light, kerrison ronguer,
curette, drill, suturing device (such as the FIXATE™ Suturing Device from Boston
Scientific Corporation), lead anchor, medication delivery catheter or needle, tissue or

fluid extractor, cautery instruments, paddle lead-specific delivery tools, or the like.

One example of a tool is a blade tool that can be used to remove, dissect, or retract
tissue at the bottom of the retractor. In at least some embodiments, a pair of blade tools

can be used in combination.

Figure 5A illustrates one embodiment of a pair of blade tools 570. Each blade
tool 570 includes a blade 572, a rod 574, and an actuator 576. The blade 572 is
articulated and movably attached to the rod 574 using, for example, an axle 573 (Figure
5C), hinge, or other attachment mechanism that allows the blade to move back and forth
relative to the rod. In at least some embodiments, the blade 572 can sweep at least 60, 75,

90, 100, 120, 150, or 180 degrees.

The actuator 576 is attached to the rod 574 and operates a mechanism, such as a
cable 578 (Figures 5B and 5C) that extends along the rod and is attached to the blade 572
to move the blade back and forth. The illustrated embodiment of Figure SA uses a
rotatable knob 575 coupled to an axle 577 as the actuator 576, but any other suitable
actuator (for example, an electrically controlled actuator) can be used. In at least some

embodiments, the knob 575 can include grooves 579, ridges, dimples, or other surface
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roughening or surface features to facilitate rotation of the knob or to provide a tactile feel

to the knob.

In the illustrated embodiment, the cable 578 is coupled to the axle 577, as
illustrated in Figure 5B, and the hinge 573, as illustrated in Figure 5C, so that rotation of
the knob 575 moves the cable 578 to operate the blade 572. The components of the blade
tool can be made of metal, plastic, or any other suitable material, or any combination

thereof.

Figures 5D (side view) and SE (top view) illustrate the blade tools 570 disposed in
compartments 358b, 358¢ of retractor 350. In at least some embodiments, the blades 572
of the blade tools 570 are sufficiently long so that the blades 572 can sweep out most or
all of the region beneath the retractor 350, as illustrated in Figure 5D, to remove, dissect,
or retract tissue from that region to facilitate implantation of the paddle lead through

compartment 358a of the retractor.

In at least some embodiments, different blades 570 or different blade tools 570
can be used for different functions. For example, one set of blades 570 may dissect tissue
and another set of blades may move the tissue away from the opening in the shaft 352 of

the retractor 350.

Figures 6A-6D illustrate another embodiment of a pair of blade tools 670 disposed
in the retractor 350 that utilize magnetic blades 672 disposed on rods 674 with handles
678 attached to the rods 674. The blade 672 is movably attached to the rod 674 using, for
example, an axle, a hinge or other attachment mechanism that allows the blade to move
back and forth relative to the rod. In at least some embodiments, the blade 672 can sweep

at least 60, 75, 90, 100, 120, 150, or 180 degrees.

An actuator tool 676 includes a handle 680, a rod 682 and tip 684 and can be
inserted into the compartment 358a of the retractor 350. The two blades 672 have the
same polarity, as illustrated in Figures 6C and 6D, and, in the absence of the actuator tool
676, are repelled from each other, as illustrated in Figures 6A and 6C. The tip 684 of the
actuator tool 676 has the opposite polarity of the two blades 672 so that when the tip 684

is inserted through the retractor 350, the two blades are attracted to the actuator tool, as
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illustrated in Figures 6B and 6D. Thus, the blades 672 can be moved back and forth by

moving the actuator tool 676 up and down, as illustrated in Figures 6A-6D.

Figure 8 is a schematic overview of one embodiment of components of an
electrical stimulation system 800 including an electronic subassembly 810 disposed
within a control module. It will be understood that the electrical stimulation system can
include more, fewer, or different components and can have a variety of different
configurations including those configurations disclosed in the stimulator references cited

herein.

Some of the components (for example, a power source 812, an antenna 818, a
receiver 802, and a processor 804) of the electrical stimulation system can be positioned
on one or more circuit boards or similar carriers within a sealed housing of an implantable
pulse generator, if desired. Any power source 812 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 batteries, mechanical resonators,
infrared collectors, thermally-powered energy sources, flexural powered energy sources,
bioenergy power sources, fuel cells, bioelectric cells, osmotic pressure pumps, and the
like including the power sources described in U.S. Patent No. 7,437,193, incorporated

herein by reference.

As another alternative, power can be supplied by an external power source
through inductive coupling via the optional antenna 818 or a secondary antenna. The
external power source can be in a device that is mounted on the skin of the user orin a

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

If the power source 812 is a rechargeable battery, the battery may be recharged
using the optional antenna 818, if desired. Power can be provided to the battery for
recharging by inductively coupling the battery through the antenna to a recharging unit
816 external to the user. Examples of such arrangements can be found in the references

identified above.

In one embodiment, electrical current is emitted by the electrodes 134 on the
paddle or lead body to stimulate nerve fibers, muscle fibers, or other body tissues near the

electrical stimulation system. The processor 804 is generally included to control the
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timing and electrical characteristics of the electrical stimulation system. For example, the
processor 804 can, if desired, control one or more of the timing, frequency, strength,
duration, and waveform of the pulses. In addition, the processor 804 can select which
electrodes can be used to provide stimulation, if desired. In some embodiments, the
processor 804 selects which electrode(s) are cathodes and which electrode(s) are anodes.
In some embodiments, the processor 804 is used to identify which electrodes provide the

most useful stimulation of the desired tissue.

Any 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 808 that, for
example, allows modification of pulse characteristics. In the illustrated embodiment, the
processor 804 is coupled to a receiver 802 which, in turn, is coupled to the optional
antenna 818. This allows the processor 804 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 818 is capable of receiving signals (e.g., RF
signals) from an external telemetry unit 806 which is programmed by the programming
unit 808. The programming unit 808 can be external to, or part of, the telemetry unit 806.
The telemetry unit 806 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 806 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 808 can be any unit that can provide information to the telemetry
unit 806 for transmission to the electrical stimulation system 800. The programming unit
808 can be part of the telemetry unit 806 or can provide signals or information to the
telemetry unit 806 via a wireless or wired connection. One example of a suitable
programming unit is a computer operated by the user or clinician to send signals to the

telemetry unit 806.

The signals sent to the processor 804 via the antenna 818 and the receiver 802 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

-17 -



10

15

WO 2016/130575 PCT/US2016/017191

system such as modifying one or more of pulse duration, pulse frequency, pulse
waveform, and pulse strength. The signals may also direct the electrical stimulation
system 800 to cease operation, to start operation, to start charging the battery, or to stop
charging the battery. In other embodiments, the stimulation system does not include the

antenna 818 or receiver 802 and the processor 804 operates as programmed.

Optionally, the electrical stimulation system 800 may include a transmitter (not
shown) coupled to the processor 804 and the antenna 818 for transmitting signals back to
the telemetry unit 806 or another unit capable of receiving the signals. For example, the
electrical stimulation system 800 may transmit signals indicating whether the electrical
stimulation system 800 is operating properly or not or indicating when the battery needs
to be charged or the level of charge remaining in the battery. The processor 804 may also
be capable of transmitting information about the pulse characteristics so that a user or

clinician can determine 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 hereinafter appended.
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CLAIMS
What is claimed as new and desired to be protected by Letters Patent of the United
States 1s:
1. A retractor for implanting a paddle lead of an electrical stimulation system,

the retractor comprising:

a shaft defining a length, an interior lumen, a first end for receiving tools or the
paddle lead, and a second end opposite the first end and configured and arranged for
insertion into tissue of a patient;

a handle coupled to the shaft; and

at least one divider disposed within the interior lumen and dividing a portion of
the interior lumen into at least two compartments, wherein the at least one divider extends
from at or near the first end of the shaft and no more than 70% of the length of the shaft,
wherein at least one of the compartments is sized for implantation of a paddle lead of an

electrical stimulation system therethrough.

2. The retractor of claim 1, wherein the at least one divider extends at least

40% of the length of the shaft.

3. The retractor of any one of claims 1 or 2, wherein the at least one divider

is two dividers that divide the portion of the interior lumen into three compartments.

4. The retractor of claim 3, wherein the three compartments form two side

ports and a central port disposed between the two side ports.

5. The retractor of claim 4, wherein the central port is larger than either of the
two side ports and the central port is sized for implantation of the paddle lead of the

electrical stimulation system therethrough.

6. The retractor of any one of claims 1-5, wherein the handle is removable.
-19-
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7. The retractor of any one of claims 1-6, further comprising a filler
configured and arranged for insertion into the shaft of the retractor, the filler comprising a
handle and a plurality of filler fingers coupled to the handle and configured and arranged
to substantially fill the shaft of the retractor, wherein the filler fingers are separated by at
least one gap configured and arranged to align with the at least one divider of the retractor

when the filler is inserted into the retractor.

8. The retractor of any one of claims 1-7, further comprising at least one
blade tool, each blade tool comprising an actuator, a rod coupled to the actuator, and a
blade movably coupled to the rod and configured and arranged to move back and forth in
response to the actuator, wherein each blade tool is configured and arranged so that the
blade and rod can be inserted through the first end of the shaft into one of the
compartments of the shaft of the retractor and the blade can be extended out of the second

end of the shaft.

9. The retractor of any one of claims 1-7, further comprising an actuator tool
configured and arranged for insertion through the first end of the retractor into one of the
compartments of the shaft of the retractor; and

at least one blade tool, each blade tool comprising a handle, a rod coupled to the
handle, and a blade movably coupled to the rod and configured and arranged to move
back and forth in response to the actuator tool, wherein each blade tool is configured and
arranged so that the blade and rod can be inserted through the first end of the shaft into
one of the compartments of the shaft of the retractor and the blade can be extended out of

the second end of the shaft.

10. The retractor of claim 9, wherein the blade of each of the at least one blade
tool has a first magnetic polarity and the actuator tool has a second magnetic polarity

opposite the first magnetic polarity.
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11. The retractor of any one of claims 8-10, wherein the at least one divider is
two dividers that divide the portion of the interior lumen into three compartments and the

at least one blade tool is two blade tools.

12. An implantation kit, comprising:
the retractor of any one of claims 1-11; and
an electrical stimulation lead, comprising:

a paddle body,

at least one lead body having a distal end portion, a proximal end portion,
and a longitudinal length, the distal end of each of the at least one lead body
coupled to the paddle body,

a plurality of electrodes disposed in at least two columns on the paddle
body,

a plurality of terminals disposed along the proximal end portion of each of
the at least one lead body, and

a plurality of conductors electrically coupling the plurality of terminals to
the plurality of electrodes,
wherein at least one of the compartments is sized for implantation of the paddle

lead therethrough.

13. The implantation kit of claim 12, further comprising a control module

coupleable to the electrical stimulation lead.

14. The implantation kit of claim 13, further comprising a lead extension

coupled to the electrical stimulation lead and the control module.
15. The implantation kit of any one of claims 12 to 14, further comprising a

series of introducers, wherein each introducer in the series has a diameter larger than a

preceding one of the introducers in the series.
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