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(57) ABSTRACT 

In one embodiment, an introducer is provided for implanting 
an electrical stimulation lead to enable electrical stimulation 
of nerve tissue. The introducer includes an outer sheath and an 
inner penetrator. The outer sheath may accommodate inser 
tion of the electrical stimulation lead and may be inserted into 
a human body near the nerve tissue. The inner penetrator is 
removably housed within the outer sheath and includes an 
inner channel configured to accommodate a guide wire, a tip 
end having a shape and size Substantially conforming to that 
of the guide wire, a body region having a shape and size 
Substantially conforming to that of the outer sheath, and one 
or more transition regions Substantially connecting the tip end 
with the body region. At least a portion of the transition 
regions of the inner penetrator may flex to Substantially fol 
low flexures in the guide wire during advancement of the 
inner penetrator. 
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APPARATUS FOR IMPLANTING AN 
ELECTRICAL STIMULATION LEAD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 12/098,007, filed Apr. 4, 2008, pending, which is 
a divisional of U.S. application Ser. No. 11/119,438, filed 
Apr. 29, 2005, now U.S. Pat. No. 7,359,755, which is a 
continuation-in-part of U.S. application Ser. No. 10/637,342, 
filed Aug. 8, 2003, now abandoned, the disclosures of which 
are fully incorporated herein by reference. 

BACKGROUND 

0002 This invention relates generally to electrical stimu 
lation leads for medical applications and in particular to a 
method and apparatus for implanting an electrical stimulation 
lead using a flexible introducer One method of delivering 
electrical energy is to implant an electrode and position it in a 
precise location adjacent the spinal cord Such that stimulation 
of the electrode causes a Subjective sensation of numbness or 
tingling in the affected region of the body, known as “pares 
thesia.” Pain managing electrical energy is commonly deliv 
ered through electrodes positioned external to the dura layer 
Surrounding the spinal cord. The electrodes may be carried by 
either of two primary vehicles: a percutaneous lead and a 
laminotomy or "paddle' lead. 
0003 Percutaneous leads commonly have three or more 
equally-spaced electrodes. They are positioned above the 
dura layer using a needle that is passed through the skin, 
between the desired vertebrae and onto the top of the dura. 
Percutaneous leads deliver energy radially in all directions 
because of the circumferential nature of the electrode. Percu 
taneous leads can be implanted using a minimally invasive 
technique. In a typical percutaneous lead placement, a trial 
stimulation procedure is performed to determine the optimal 
location for the lead. Here, a needle is placed through the skin 
and between the desired vertebrae. The percutaneous lead is 
then threaded through the needle into the desired location 
over the spinal cord dura. Percutaneous leads may also be 
positioned in other regions of the body near peripheral nerves 
for the same purpose. 
0004 Laminotomy or paddle style leads have a paddle 
like configuration and typically possess multiple electrodes 
arranged in one or more independent columns. Paddle style 
leads provide a more focused energy delivery than percuta 
neous leads because electrodes may be present on only one 
surface of the lead. Paddle style leads may be desirable in 
certain situations because they provide more direct stimula 
tion to a specific Surface and require less energy to produce a 
desired effect. Because paddle style leads are larger than 
percutaneous leads, they have historically required Surgical 
implantation through a procedure known as partial laminec 
tomy that requires the resection and removal of vertebral 
tissue. 

SUMMARY OF THE INVENTION 

0005. The present invention provides an introducer and 
process for implanting a paddle style electrical stimulation 
lead. 
0006. In one embodiment, an introducer is provided for 
implanting a paddle style electrical stimulation lead to enable 
electrical stimulation of nerve tissue. The introducer includes 
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an outer sheath and an inner penetrator. The outer sheath may 
accommodate insertion of the paddle style electrical stimula 
tion lead and may be inserted into a human body near the 
nerve tissue. The innerpenetrator is removably housed within 
the outer sheath and includes an inner channel configured to 
accommodate a guide wire, a tip end having a shape and size 
Substantially conforming to that of the guide wire, a body 
region having a shape and size substantially conforming to 
that of the outer sheath, and one or more transition regions 
Substantially connecting the tip end with the body region. The 
inner penetrator may be advanced along the guide wire to a 
desired location relative to the nerve tissue and removed from 
the outer sheath leaving the outer sheath substantially in 
position for insertion of the paddle style electrical stimulation 
lead through the outer sheath into position proximate the 
nerve tissue. At least a portion of the transition regions of the 
inner penetrator may flex to substantially follow flexures in 
the guide wire during advancement of the inner penetrator 
along the guide wire. 
0007. In another embodiment, a method is provided for 
implanting a paddle style electrical stimulation lead to enable 
electrical stimulation of nerve tissue. The method includes 
inserting a needle into tissue, positioning a guide wire 
through the needle into a desired location relative to the nerve 
tissue, removing the needle, and forming a tract for the paddle 
style electrical stimulation lead by advancing an introducer 
along the guide wire to a desired location. The introducer 
includes an outer sheath and inner penetrator removably 
housed within the outer sheath, the innerpenetrator including 
a tip end having a cross-sectional shape and size Substantially 
conforming to a cross-sectional shape and size of the guide 
wire, a body region having a cross-sectional shape and size 
Substantially conforming to a cross-sectional shape and size 
of the outer sheath, and one or more transition regions Sub 
stantially connecting the tip end with the body region. At least 
a portion of the one or more transition regions flexes to 
substantially follow flexures in the guide wire during 
advancement of the inner penetrator along the guide wire. 
After advancing the introducer along the guide wire to the 
desired location, the inner penetrator is removed, leaving the 
outer sheath Substantially in position, and the paddle style 
electrical stimulation lead is inserted through the outer sheath 
until the paddle style electrical stimulation lead is positioned 
proximate the nerve tissue. 
0008. In another embodiment, a method is provided for 
implanting an electrical stimulation lead in a minimally inva 
sive percutaneous manner to enable electrical stimulation of a 
human's spinal nerve tissue. The method includes inserting a 
needle into the human's epidural space and inserting a guide 
wire through the needle until an end of the guide wire is 
positioned in the epidural space at a desired location relative 
to the spinal nerve tissue to be stimulated. The position of the 
guide wire in the epidural space is verified using fluoroscopy, 
and the needle is removed, leaving the guide wire Substan 
tially in position. An introducer is advanced along the guide 
wire until an end of the inner penetrator of the introducer is 
positioned in the epidural space at a desired location with 
respect to the spinal nerve tissue to be stimulated. The intro 
ducer includes an outer sheath and an innerpenetrator remov 
ably housed within the outer sheath, the inner penetrator of 
the introducer including an inner channel configured to 
accommodate the guide wire, a tip end having a cross-sec 
tional shape and size Substantially conforming to a cross 
sectional shape and size of the guide wire, a body region 
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having a cross-sectional shape and size Substantially con 
forming to a cross-sectional shape and size of the outer 
sheath, and one or more transition regions Substantially con 
necting the tip end with the body region. as the inner penetra 
tor of the introducer advances along the guide wire, at least 
one of the tip transition regions flexes to substantially follow 
flexures in the guide wire, and the outer sheath of the intro 
ducer forms a tract in the epidural space. The position of the 
introducer in the epidural space is verified using fluoroscopy. 
The guide wire and the inner penetrator of the introducer are 
removed, leaving the outer sheath of the introducer substan 
tially in position. The electrical stimulation lead is inserted 
through the outer sheath of the introducer until the electrical 
stimulation lead is positioned in the epidural space proximate 
the spinal nerve tissue to be stimulated, and the positioning of 
the paddle style electrical stimulation lead in the epidural 
space is verified using fluoroscopy. 
0009. In another embodiment, a system for implanting a 
paddle style electrical stimulation lead to enable electrical 
stimulation of a human's spinal nerve tissue is provided. The 
system includes a needle, a guide wire, and an introducer. The 
introducer includes an outer sheath and an inner penetrator. 
The outer sheath is configured to accommodate insertion of 
the paddle style electrical stimulation lead through the outer 
sheath and may be inserted through the human's skin and into 
the human's epidural space. The inner penetrator is remov 
ably housed within the outer sheath and includes an inner 
channel configured to accommodate a guide wire, a tip end 
having a cross-sectional shape and size substantially con 
forming to a cross-sectional shape and size of the guide wire, 
a body region having a cross-sectional shape and size Sub 
stantially conforming to a cross-sectional shape and size of 
the outer sheath, and one or more transition regions Substan 
tially connecting the tip end with the body region. The inner 
penetrator may be advanced along the guide wire until an end 
of the inner penetrator is positioned in the epidural space at a 
desired location relative to spinal nerve tissue to be stimu 
lated, the outer sheath forming an insertion tract as the inner 
penetrator advances along the guide wire. A tip transition 
region of the inner penetrator is formed from a particular 
material and has a wall thickness sufficiently thin such that 
during advancement of the inner penetrator along the guide 
wire, the tip transition region may flex to substantially follow 
flexures in the guide wire. The inner penetrator is configured 
to be removed from the outer sheath leaving the outer sheath 
substantially in position for insertion of the paddle style elec 
trical stimulation lead through the outer sheath into position 
proximate the spinal nerve tissue to be stimulated. The system 
also includes an implantable generator to power the paddle 
style electrical stimulation lead. 
0010. In another embodiment, a lead introducer kit for 
preparing to implant an electrical stimulation lead for electri 
cal stimulation of nerve tissue is provided. The lead intro 
ducer kit includes a needle, a guide wire, a lead blank having 
a similar shape and size as an electrical stimulation lead to be 
inserted proximate the nerve tissue, and an introducer. The 
lead blank is configured for insertion into the human body to 
determine whether the electrical stimulation lead may be 
inserted into position proximate nerve tissue to be stimulated. 
The introducer includes an outer sheath and an inner penetra 
tor. The outer sheath is operable to be inserted into a human 
body near nerve tissue to be stimulated. The inner penetrator 
is removably housed within the outer sheath and includes an 
inner channel configured to accommodate the guide wire. The 
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inner penetrator is configured to be advanced along the guide 
wire to a desired location relative to the nerve tissue and 
removed from the outer sheath leaving the outer sheath sub 
stantially in position for insertion of the lead blank through 
the outer sheath to determine whether the electrical stimula 
tion lead may be inserted into position proximate the nerve 
tissue to be stimulated. 

0011. In another embodiment, a method of removing an 
electrical stimulation lead from a human body is provided. A 
stimulation lead introducer is positioned over a body portion 
of an electrical stimulation lead that is at least partially 
implanted in a human body. The stimulation lead introducer 
includes an outer sheath and an inner penetrator removably 
housed within the outer sheath and comprising an inner chan 
nel, a tip region of the inner penetrator extending out from the 
outer sheath, the stimulation lead introducer being positioned 
such that the body portion of the electrical stimulation lead is 
partially disposed within an inner channel of the inner pen 
etrator. The stimulation lead introducer is advanced along the 
body portion of the electrical stimulation lead until the tip 
region of the innerpenetrator is located adjacent a stimulation 
portion of the electrical stimulation lead. The outer sheath is 
advanced relative to the innerpenetrator until the outer sheath 
covers at least a portion of the stimulation portion of the 
electrical stimulation lead. The outer sheath, the inner pen 
etrator, and the electrical stimulation lead are then removed 
from the human body. 
0012 Particular embodiments of the present invention 
may provide one or more technical advantages. For example, 
certain embodiments may allow a paddle style electrical 
stimulation lead to be inserted using a minimally invasive 
procedure, using an introducer, rather than a partial laminec 
tomy or other more invasive Surgical procedure. Certain 
embodiments may provide a guide wire, introducer and 
paddle style electrical stimulation lead composed in part or 
entirely of radio-opaque material to allow for fluoroscopic 
verification of the position of the guide wire, introducer and 
lead. Certain embodiments may provide an inner penetrator 
including a hollow tip configured to extend beyond the outer 
sheath, the tip having a raised circumferential ridge config 
ured to create resistance when the circumferential ridge con 
tacts the human's tissue. Other embodiments may provide a 
smooth transition between the inner penetrator and the outer 
sheath to prevent the introducer from getting caught or stuck 
in the tissue. Certain embodiments may provide an inner 
penetrator having a substantially flexible tip that may flex to 
maneuver around obstructions or physical structures in the 
body and/or to follow curvatures in a guide wire. Certain 
embodiments may provide a lead introducer kit including a 
lead blank that may be used to determine whether an actual 
electrical stimulation lead may be inserted into a desired 
position in the body. Thus, in situations where it is determined 
(using the lead blank) that the actual lead cannot be inserted 
into the desired position in the body, the actual lead not need 
to be removed from its packaging or inserted into the body, 
thus saving the actual lead for another use. Certain embodi 
ments may provide a desirable method for removing an 
implanted electrical stimulation lead using a lead introducer 
having an outer sheath and in inner penetrator. Certain 
embodiments may provide all. Some, or none of these advan 
tages. Certain embodiments may provide one or more other 
technical advantages, one or more of which may be readily 



US 2011/0257660 A1 

apparent to those skilled in the art from the figures, descrip 
tion and claims included herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 To provide a more complete understanding of the 
present invention and the features and advantages thereof, 
reference is made to the following description taken in con 
junction with the accompanying drawings, in which: 
0014 FIG. 1A illustrates an example introducer for 
implanting a paddle style electrical stimulation lead accord 
ing to one embodiment of the invention; 
0015 FIG. 1B illustrates an example inner penetrator of 
the introducer shown in FIG. 1A: 
0016 FIG. 1C illustrates an example of an outer sheath of 
the introducer shown in FIG. 1A: 
0017 FIG. 1D illustrates an example of a tip of the intro 
ducer shown in FIG. 1A: 
0018 FIG. 1E illustrates an example of a tip of the outer 
sheath of the introducer shown in FIG. 1A: 
0019 FIG.1F illustrates a side view of an example of the 
tip of the introducer shown in FIG. 1A: 
0020 FIG. 2A illustrates an example introducer for 
implanting a paddle style electrical stimulation lead accord 
ing to another embodiment of the invention; 
0021 FIG. 2B illustrates an example inner penetrator of 
the introducer shown in FIG. 2A; 
0022 FIG. 2C illustrates an example of an outer sheath of 
the introducer shown in FIG. 2A; 
0023 FIG. 2D illustrates a perspective view of the intro 
ducer shown in FIG. 2A; 
0024 FIG.2E illustrates an example tip region of the inner 
penetrator shown in FIG. 2B: 
0025 FIGS. 2F-2Hillustrate an example of abody portion 
and tip portion of the outer sheath shown in FIG. 2C: 
0026 FIG. 3A illustrates an example of a needle inserted 
into a human's epidural space; 
0027 FIG. 3B illustrates an example of a guide wire being 
inserted through a needle into a human's epidural space; 
0028 FIG. 3C illustrates an example of an introducer 
being inserted over a guide wire into a human's epidural 
Space; 
0029 FIG. 3D illustrates an example of an inner penetra 
tor being removed from the outer sheath of an introducer in a 
human's epidural space; 
0030 FIG.3E illustrates an example of a paddle style lead 
being inserted through an introducer into a human's epidural 
Space; 
0031 FIG.3F illustrates an example of a paddle style lead 
implanted in a human's epidural space; 
0032 FIG. 4A illustrates an example of a stimulation sys 
tem; 
0033 FIG. 4B illustrates an example of a stimulation sys 
tem; and 
0034 FIG.5 is a flow chart describing steps for implanting 
a stimulation system; 
0035 FIGS. 6A-6E illustrate an example method of 
removing an implanted paddle style electrical stimulation 
lead from a human's epidural space using an introducer 
according to one embodiment of the invention; 
0036 FIGS. 7A-7D illustrate example views of a lead 
introducer flexing as it moves along a guide wire within the 
body according to certain embodiments of the invention; 

Oct. 20, 2011 

0037 FIG. 8 illustrates an example lead introducer kit for 
preparing to implant an electrical stimulation lead for electri 
cal stimulation of nerve tissue in a human, according to one 
embodiment of the invention; 
0038 FIG. 9 illustrates an example lead blank including a 
paddle style stimulating portion having a scalloped shape; 
0039 FIG.10 illustrates an example paddle style electrical 
stimulation lead having electrodes on only one side, and 
markings indicating the directional orientation of the lead, 
according to one embodiment of the invention; 
0040 FIG.11 illustrates an example paddle style electrical 
stimulation lead having a Substantially uniform paddle 
shaped cross-section extending along the body of the lead, 
according to one embodiment of the invention; and 
0041 FIG. 12 illustrates an example paddle style electrical 
stimulation lead having a tear away body portion, according 
to one embodiment of the invention. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

0042 FIG. 1A illustrates an example introducer 10a for 
implanting a paddle style electrical stimulation lead percuta 
neously according to one embodiment of the invention. Intro 
ducer 10a may be used to percutaneously introduce a percu 
taneous or paddle style lead into the epidural space of a user 
who requires electrical stimulation treatment directed to spi 
nal nerve tissue, for example, for pain management. For 
example, and not by way of limitation, introducer 10a may be 
used to percutaneously introduce any of the percutaneous or 
paddle style leads shown and/or described in U.S. Publication 
No. 2002/0022873, filed on Aug. 10, 2001; U.S. Provisional 
Application No. 60/645,405, filed on Apr. 28, 2004; and/or 
U.S. Provisional Application No. 60/566,373, filed on Jan. 
19, 2005. The same or an analogous, perhaps Smaller, intro 
ducer 10a may be used to implant a percutaneous or paddle 
style lead into other tissue for electrostimulation treatment of 
a peripheral nerve. In one embodiment, introducer 10a 
includes an outer sheath 12a and an inner penetrator 14a. 
0043 FIG. 1B illustrates an example inner penetrator 14a 
disassembled from outer sheath 12a. Inner penetrator 14a 
includes handle 16a, connector 17a, and body 18a having 
proximal end 19a and distal end or tip 20a. Tip 20a may be 
tapered. Connector 17a connects handle 16a to body 18a. An 
inner channel 22a is formed through handle 16a and body 18a 
and connects opening 26a of handle 16a to opening 21a of tip 
20a. Inner channel 22a may be configured to attach to a 
Syringe. Inner channel 22a is wide enough to accommodate 
guide wires of various sizes along which introducer 10a may 
be advanced during use. Channel 22a may taper or otherwise 
decrease in diameter as it traverses connector 17a at the 
handle-body junction. Inner penetrator 14a may be formed 
from a plastic, such as silastic, HDPE or another polymer, or 
any other suitable material. Tip 20a of inner penetrator 14a 
may be curved as shown in FIGS. 1A-1C or may be curved 
into any other Suitable shapes by an operator before inserting 
the introducer. In certain embodiments, inner penetrator 14a 
may be bent or curved into a suitable configuration to allow 
passage aroundananatomical obstruction, or formed into any 
other shape Suitable for particular anatomic regions of the 
body. 
0044 FIG. 1C illustrates outer sheath 12a disassembled 
from inner penetrator 14a. The lumen 28 of outer sheath 12a 
may range in width, for example from approximately 2 mm to 
approximately 6 mm. Lumen 28 may be oblong, oval, or 
Substantially rectangular as needed to accommodate paddle 
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style leads of various configurations. Outer sheath 12a may 
taper slightly at tip 29. Tip 29 of outer sheath 12a may be 
beveled to allow easier passage through tissue and to allow 
inner penetrator 14a to protrude out of tip 29. 
0045. In some embodiments, outer sheath 12a may be 
formed from a flexible material. Such as a plastic or polymer, 
such as PEBAX, or any other suitable polyethylene type 
material, for example, Such that outer sheath 12a may flex to 
follow a guide wire and/or to maneuver around obstructions 
or physical structures in the body. In other embodiments, 
outer sheath 12a may be formed from a more rigid material, 
Such as a metal. Such as stainless steel or titanium, or any other 
suitable material that is stiff and resists bending when outer 
sheath 12a is inserted through the paravertebral tissue and 
into the epidural space. In one embodiment, inner penetrator 
14a includes tapered tip 20a shown in FIG. 1D. Tapered tip 
20a protrudes out of outer sheath 12a. Tapered tip 20a pref 
erably allows introducer 10a to pass easily over a guide wire 
without creating a false passage in an undesirable location in 
the tissue. 

0046. In one embodiment of outer sheath 12a, shown in 
FIGS. 1D-1F, tip 20a includes a raised circumferential shoul 
der or ridge 23a configured to provide an indication or “feel' 
to a physician as raised ridge 23a comes in contact with the 
ligamentum flavum. This “feel occurs when raised ridge 23a 
comes in contact with the ligamentum flavum causing a slight 
resistance, pressure, or “notch' feel to the physician as raised 
ridge 23a comes in contact with and passes through the liga 
mentum flavum. As many physicians rely on “feel” while 
performing delicate procedures, this aspect may provide an 
important indication to the physician as to the location of 
outer sheath 12a and thus introducer 10a as a whole. 
0047 Such a raised ridge 23a can also be applied to 
needles or cutting devices that otherwise fail to provide phy 
sicians sufficient “feel” or a locative indication as the needle 
cuts through the ligamentum flavum. For example, the edge 
of outer sheath 12a in FIG. 1E could be configured into a 
cutting Surface for a paddle insertion type needle. The 
improvement of raised ridge 23a on Such a cutting device 
would provide the needed “feel” or indication to the physician 
as to where the needle was in the human tissue, thus providing 
confidence to the physician, as the physician uses such a large 
needle, that the needle has not yet entered the interthecal 
Space. 
0048. Further, raised ridge 23a assists in spreading the 
fibers of the paravertebral muscle and ligaments as it is 
inserted. Raised ridge 23a may be angled to assist insertion, 
for example, at an angle of thirty-five to forty-five degrees or 
any other angle that would facilitate passage of outer sheath 
through tissue. During insertion, raised ridge 23a ultimately 
makes contact with the ligamentum flavum and rests against 
it during insertion of a guide wire and an electrical stimulation 
lead. 
0049. As shown in FIGS. 1D and 1E, in some embodi 
ments, outer sheath 12a, lumen 28a, and innerpenetrator 14a 
may have oblong, oval, or Substantially rectangular cross 
sections as needed to accommodate paddle style leads of 
various configurations. Such configuration also prevents 
inner penetrator 14a from rotating within lumen 28a of outer 
sheath 12a, which may be advantageous for inserting a lead 
into the target region in the body. For example, such configu 
ration that prevents the rotation of innerpenetrator 14a within 
lumen 28a may allow an operator to ensure that the lead is 
facing in the desired direction. In addition, a non-circular 
cross-section may provide additional flexibility to introducer 
10, which may be advantageous for navigating into particular 
regions in the body, such as the epidural region, for example. 
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0050. In one embodiment, outer sheath 12a, inner penetra 
tor 14a, or both may beformed from radio-opaque material or 
may include radio-opaque markers that allow the position of 
outer sheath 12a, inner penetrator 14a, or both to be visual 
ized with fluoroscopy or plain X-rays, for example, during the 
insertion process to insure proper positioning in the epidural 
Space. 

0051 FIG. 2A illustrates another example introducer 10b 
for implanting a paddle style electrical stimulation lead per 
cutaneously according to another embodiment of the inven 
tion. Introducer 10b may be used to percutaneously introduce 
a percutaneous or paddle style lead into the epidural space of 
a user who requires electrical stimulation treatment directed 
to nerve tissue (e.g., spinal nerve tissue), for example, for pain 
management. The same or an analogous, perhaps Smaller, 
introducer 10b may be used to implant a percutaneous or 
paddle style lead into other tissue for electrostimulation treat 
ment of a peripheral nerve. Like introducer 10a, introducer 
10b may include an outer sheath 12b and an inner penetrator 
14b. 

0.052 FIG. 2B illustrates an example inner penetrator 14b 
disassembled from outer sheath 12b. Inner penetrator 14b 
includes a handle portion 16b, a body portion 18b, a distal or 
tip end 20b, and a tip portion 25b connecting body portion 
18b with a tip end 20b. Tip portion 25b may include one or 
more transition regions 26b, which may provide a transition 
between the cross-sectional shape and size of body portion 
18b and the cross-sectional shape and size of tip end 20b, as 
discussed in greater detail with reference to FIG. 2D. For 
example, one or more transition regions 26b may be tapered. 
Handle portion 16b may include an inner penetrator locking 
device 32b, which may interact with a locking device of outer 
sheath 12b (discussed below regarding FIG. 2C) in order to 
lockinner penetrator 14b in position within outer sheath 12b. 
However, any other type of handle known to those in the art 
may also be used. 
0053 An inner channel 22b is formed through handle 
portion 16b, body portion 18b, and tip portion 25b to connect 
an opening 26b in handle portion 16b with an opening 21b in 
tip end 20b. Inner channel 22b may be configured to attach to 
a syringe at a lure lock located at handle portion 16b or 
through another opening. Inner channel 22b may be config 
ured to accommodate guide wires of various sizes along 
which introducer 10b may be advanced during use. In this 
embodiment, the diameter of inner channel 22b tapers proxi 
mate handle portion 16b, remains constant along the length of 
body portion 16b, and tapers slightly proximate tip region 
25b. However, in other embodiments, inner channel 22b may 
not include a tapered portion. Inner penetrator 14b may be 
formed from a plastic, such as silastic, HDPE or another 
polymer, or any other Suitable material. In addition, in some 
embodiments, the shape of inner penetrator 14b may be con 
figured to facilitate steering of inner penetrator 14b. For 
example, one or more indentions, notches, or score lines may 
be formed in inner penetrator 14b to increase the flexibility 
and steerability of inner penetrator 14b. 
0054 FIG. 2C illustrates outer sheath 12b disassembled 
from inner penetrator 14b. Outer sheath 12b includes a handle 
portion 27b, a body portion 31b, a tip portion 30b, and a tip 
end 29b through which inner penetrator 14b may protrude, 
such as shown in FIGS. 2A and 2D. The inner channel, or 
lumen, 28b of outer sheath 12b may range in width, for 
example from approximately 2 mm to approximately 6 mm. 
In some embodiments, the cross-section of lumen 28b may be 
oblong, oval, or Substantially rectangular as needed to accom 
modate paddle style leads of various configurations. The 
outer surface of outer sheath 12b may have a similar cross 
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section as lumen 28b. Thus, for example, the outer surface of 
outer sheath 12b may have an oblong, oval, or Substantially 
rectangular cross-section. In some embodiments, outer 
sheath 12b, lumen 28b, and inner penetrator 14b may have 
oblong, oval, or Substantially rectangular cross-sections as 
needed to accommodate paddle style leads of various con 
figurations. As discussed above regarding introducer 10a, 
Such configuration may prevent inner penetrator 14b from 
rotating within lumen 28b of outer sheath 12b, which may be 
advantageous for inserting and/or navigating a lead into the 
target region in the body. Outer sheath 12b may taper slightly 
proximate tip end 29b, which may be beveled to be substan 
tially flush against the outer surface of inner penetrator 14b to 
allow easier passage through tissue, as discussed below. 
0055. In some embodiments, outer sheath 12b is formed 
from a plastic or polymer material, or any other suitable 
material that allows flexing when outer sheath 12b is inserted 
through certain tissue, such as the paravertebral tissue and 
into the epidural space, for example. In a particular embodi 
ment, both outer sheath 12b and inner penetrator 14b are 
formed from plastic or polymer materials, but inner penetra 
tor 14b is more flexible than outer sheath 12b due to the 
particular materials used to form outer sheath 12b and inner 
penetrator 14b and/or the size, wall thickness, or other dimen 
sions of outer sheath 12b and inner penetrator 14b. In other 
embodiments, outer sheath 12b is formed from substantially 
rigid material. Such as a metal. Such as stainless steel or 
titanium, or any other suitable material that is stiff and resists 
flexing when outer sheath 12b is inserted through the paraver 
tebral tissue and into the epidural space. 
0056 Handle portion 27b may include an outer sheath 
locking device 33b, which may interact with inner penetrator 
locking device 32b shown in FIG. 2B in order to lock inner 
penetrator 14b in position within outer sheath 12b. Inner 
penetrator locking device 32b and outer sheath locking device 
33b may include any devices suitable to interact to lockinner 
penetrator 14b within outer sheath 12b. For example, locking 
devices 32b and 33b may include threaded portions such that 
inner penetrator 14b and outer sheath 12b may be locked and 
unlocked by rotation of at least one of locking devices 32b and 
33b. As another example, locking devices 32b and 33b may 
snap together to lockinner penetrator 14b within outer sheath 
12b. Locking inner penetrator 14b within outer sheath 12b 
may prevent outer sheath 12b from sliding down over inner 
penetrator 14b, which may damage tissue in the body or cause 
other problems. However, some embodiments do not include 
a locking mechanism. 
0057. In some embodiments, inner penetrator 14b and/or 
outer sheath 12b may be partially or completely formed from 
one or more materials that may be detected by one or more 
medical imaging techniques, such as ultrasound, fluoroscopy, 
MRI, fMRI and/or X-ray, such that the location of the inner 
penetrator 14b and/or outer sheath 12b within the human 
body may be determined. For example, inner penetrator 14b 
and/or outer sheath 12b may be formed from or doped with a 
radio-opaque material, such as barium Sulphate (BaSO), for 
example. As another example, inner penetrator 14b and/or 
outer sheath 12b may include markers that may be detected by 
one or more of such medical imaging techniques. As shown in 
FIGS. 2B and 2C, inner penetrator 14b may include a first 
radio-opaque marker 34b and outer sheath 12b may include a 
second radio-opaque marker 35b. The location of inner pen 
etrator 14b relative to outer sheath 12b may be determined 
based on the determined relative location of markers 34b and 
35b. In addition, first and second radio-opaque markers 34b 
and 35b may have different radiopacity such that markers 34b 
and 35b may be distinguished from each other. 
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0058 FIG. 2D illustrates a perspective view of introducer 
10b. In this configuration, innerpenetrator 14b may be locked 
within outer sheath 12b by locking devices 32b and 33b. Tip 
portion 25b of inner penetrator 14b protrudes through tip end 
29b of outer sheath 12b. As discussed below with reference to 
FIGS. 3A-3F, inner penetrator 14b may be configured to be 
advanced along a guide wire to a desired location relative to 
particular nerve tissue to be stimulated and removed from 
outer sheath 12b, leaving outer sheath 12b substantially in 
position for insertion of an electrical stimulation lead through 
outer sheath 12b into position proximate the nerve tissue to be 
stimulated. Tip portion 25b of inner penetrator 14b may be 
sufficient to flex to substantially follow flexures (such as 
bends or curves) in the guide wire during advancement of 
inner penetrator 14b along the guide wire. In order to provide 
such flexibility, tip portion 25b may be formed from particu 
lar flexible materials and may have sufficiently thin walls, as 
discussed below with reference to FIG. 2E. In addition, as 
discussed above, outer sheath 12b may be formed from flex 
ible materials and may have sufficiently thin walls in order to 
provide some flexibility of introducer 10b. 
0059 FIG. 2E illustrates a partial detailed view of body 
portion 18b and tip portion 25b of inner penetrator 14b, as 
well as a portion of tip portion 30b of outer sheath 12b, of 
introducer 10b. In this embodiment, tip portion 25b of inner 
penetrator 14b includes three transition regions 26b, which 
may provide a transition between the cross-sectional shape 
and size of body portion 18b and the cross-sectional shape 
and size of tip end 20b. Transition regions 26b include a tip 
transition region 36b, a middle transition region 37b, and a 
body transition region 38b. Tip transition region 36b has a 
Substantially circular cross-section extending along the 
length of tip transition region 36b and tapering slightly 
toward tip end 20b. Middle transition region 37b has a sub 
stantially circular and constant cross-section along the length 
of middle transition region 37b. Thus, in this embodiment, 
middle transition region 37b is not tapered. Body transition 
region38b has a cross-section that transitions from the cross 
section of body portion 18b, which may substantially match 
the cross-section of lumen 28b of outer sheath 12b. In a 
particular embodiment, body transition region38b transitions 
from a Substantially oval cross-section adjacent body portion 
18b to a substantially circular cross-section adjacent middle 
transition region 37b. Body transition region 38b may have a 
more severe taper than tip transition region 36b. 
0060. The materials and dimensions of one or more of tip 
transition region 36b, middle transition region37b, and body 
transition region 38b may be selected to provide substantial 
flexibility to tip region 25b such that innerpenetrator 14b may 
flex around particular features in the body, and such that when 
the inner penetrator 14b is advanced along a guide wire, tip 
regions 25b may flex to substantially follow flexures in the 
guide wire such that the guide wire is not significantly dis 
placed by the advancing tip region 25b of inner penetrator 
14b. 

0061 For example, the wall thickness of tip transition 
region36b, denoted as thickness “T” may decrease toward 
tip end 20b. In some embodiments, the wall thickness T of 
tip transition region36b is less than or approximately equal to 
0.02 inches at its thickest point alongtip transition region36b. 
The wall thickness Tipt of tip transition region36b may be less 
than 0.01 inches at tip end 20b. In a particular embodiment, 
the wall thickness T is approximately 0.006 inches at tip end 
20b. The decreased wall thickness, T of tip transition 
region 36b toward tip end 20b may provide for increased 
flexibility of tip transition region36b. In addition, as shown in 
FIG. 2E, both the inner diameter, denoted as “ID, and the ipt 
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outer diameter, denoted as "OD" of tip transition region 
36b may decrease or taper toward tip end 20b. The tapered 
outer diameter OD, and reduced wall thickness, T of tip 
transition region 36b at tip end 20b may provide a relatively 
smooth transition between tip end 20b and a guide wire 
extending through tip opening 21b. Such smooth transition 
may reduce or eliminate the likelihood of the juncture 
between tip end 20b and a guide wire getting stuck or caught 
up, or pushing tissue forward, as inner penetrator 14b is 
advanced within the body. 
I0062) The tapered inner diameter ID, may provide for a 
tight or close fit at tip end 20b with a guide wire running 
through opening 22b of inner penetrator 14b. In some 
embodiments, the tapered inner diameter ID, provides for an 
interference fit between inner penetrator 14b and a guide 
wire, at least at tip end 20b of inner penetrator 14b. 
0063. In addition, the length of tip transition region 36b, 
denoted as length “L” compared to wall thickness T. 
inner diameterid and/6router diameter OD, may be selected 
to provide desired flexibility of tip transition region 36b. For 
example, the ratio of the length L, to wall thickness T, at the 
thickest point may be greater than or approximately equal to 
20 to 1. As another example, the ratio of the length L, to outer 
diameter OD, may be greater than or approximately equal to 
2.5 to 1. Such configuration and dimensions may provide 
desired flexibility for tip transition region 36b. 
0064. The wall thickness of middle transition region 37b, 
denoted as thickness “T” which remains substantially 
constant along the length of middle transition region 37b, 
may be less than or approximately equal to 0.02 inches. In a 
particular embodiment, wall thickness T is approximately 
0.010 inches. Such configuration and dimensions may pro 
vide desired flexibility for middle transition region 37b. 
0065. In addition, the length of middle transition region 
37b, denoted as length “L” compared to wall thickness 
To the inner diameter and/or the outer diameter of middle 
transition region 37b, may be selected to provide desired 
flexibility of middle transition region 36b. For example, the 
ratio of the length Li, to wall thickness T may be greater 
than or approximate equal to 30 to 1. As another example, 
the ratio of the length L to the outer diameter of middle 
transition region 37b may be greater than or approximately 
equal to 3 to 1. Such configuration and dimensions may 
provide desired flexibility for middle transition region 37b. 
0066. The total length of tip transition region 36b and 
middle transition region37b (L+L) compared to the wall 
thickness at the thickest point along transition regions 36b 
and 37b or compared to the inner diameter and/or the outer 
diameter of middle transition region 37b, may be selected to 
provide desired flexibility of middle transition region 36b. 
For example, the ratio of the total length of tip transition 
region36b and middle transition region37b (L+L) to the 
wall thickness T may be greater than or approximately 
equal to 40 to 1. As another example, the ratio of the total 
length of tip transition region 36b and middle transition 
region 37b (L+L) to the outer diameter of middle tran 
sition region37b may be greater than or approximately equal 
to 5 to 1. Such configuration and dimensions may provide 
desired flexibility for tip portion 25b of inner penetrator 14b. 
The relatively long nose provided by tip transition region36b 
and middle transition region37b may provide more flexibility 
than a tip having a substantially uniform taper from body 
portion 18b to the tip end 20b of inner penetrator 14b, which 
flexibility may be desirable for navigating inner penetrator 
14b along a guide wire, for example. 
0067. Although the embodiment shown in FIG. 2E 
includes three transition regions 26b, it should be understood 
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that other embodiments may include more or less than three 
transition regions 26b (which may or may not include one or 
more transition regions 26b similar to transition regions 36b, 
37b and/or 38b shown in FIG.2E), or Zero transition regions 
26b. 
0068. In the embodiment shown in FIG. 2E, when inner 
penetrator 14b is fully advanced within (and/or locked 
together with) outer sheath 12b, a portion of the body portion 
18b of inner penetrator 14b may protrude out through tip end 
29b of outer sheath 12b. As discussed below, tip portion 30b 
of outer sheath 12b may be tapered to provide a relatively 
smooth transition between tip end 29b and body portion 18b 
of inner penetrator 14b protruding through tip end 29b. In 
other embodiments, body portion 18b of inner penetrator 14b 
may not protrude through tip end 29b of outer sheath 12b 
when inner penetrator 14b is fully advanced within (and/or 
locked together with) outer sheath 12b. In one embodiment, 
tip end 29b may substantially align with the intersection of 
body portion 18b and body transition region 38b of inner 
penetrator 14b. 
0069 FIGS. 2F-2H illustrates a detailed view of body 
portion 31b and tip portion 30b of outer sheath 12b of intro 
ducer 10b in accordance with one embodiment of the inven 
tion. In particular, FIG. 2F is a partial side view of outer 
sheath 12b, FIG. 2G is an end view of outer sheath 12b, and 
FIG. 2H is a cross-sectional view taken along the length of 
body portion 31b of outer sheath 12b. 
0070 Body portion 31b has a substantially oval or oblong 
cross-section extending along the length of body portion 31b. 
Tip portion 30b has a substantially oval or oblong cross 
section that tapers in the direction from the end adjacent body 
portion 31b toward tip end 29b. The cross-section of lumen 
28b at the tip end 29b of outer sheath 12b may substantially 
conform to the exterior cross-section of body portion 18b of 
inner penetrator 14b. 
(0071. In some embodiments, the materials and dimen 
sions of body portion 31b and/or tip portion 30b of outer 
sheath 12b may be selected to provide some degree of flex 
ibility to outer sheath 12b such that outer sheath 12b may flex 
around particular features in the body, and Such that when 
introducer 10b is advanced along a guide wire, outer sheath 
12b (along with inner penetrator 14b) may flex to substan 
tially follow curvatures in the guide wire such that the guide 
wire is not significantly displaced by the advancing intro 
ducer 10. 
0072 For example, as shown in FIG. 2F, the wall thickness 
of tip portion 30b, denoted as thickness “T” which may be 
Substantially uniform around the cross-sectional perimeter of 
tip portion 30b, may decrease toward tip end 29b. In some 
embodiments, the wall thickness T of tip portion 30b is less 
than or approximately equal to 0.03 inches at its thickest point 
along tip portion 30b and/or less than 0.02 inches at tip end 
29b. In a particular embodiment, the wall thickness T is 
between approximately 0.007 inches and approximately 
0.018 inches around the cross-sectional perimeter at tip end 
29b. The decreased wall thickness, T of tip portion 30b 
toward tip end 29b may provide for increased flexibility of tip 
portion 30b. 
0073. In addition, as shown in FIG. 2F, the perimeter and/ 
or cross-sectional area of lumen 28b may decrease or taper 
toward tip end 29b. In particular, in embodiments in which 
outer sheath 12b, including tip portion 30b, has an oval or 
oblong cross-section (such as shown in FIGS. 2G and 2H), 
both the horizontal inner diameter"ID' and the horizontal 
outer diameter, “OD of tip portion 30b, and both the 
vertical inner diameter"ID" and the vertical outer diameter 
“OD of tip portion 30b may decrease or taper toward tip os 
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end 29b. The terms “horizontal and “vertical are used 
merely for illustrative purposes of FIGS. 2F-2G, as outer 
sheath 12b may be positioned in any orientation. 
0074 The tapered outer diameters OD, and OD, and 
reduced wall thickness, T., at tip end 29b may provide a 
relatively smooth transition between tip end 29b and body 
portion 18b of inner penetrator 14b (better illustrated in FIG. 
2E). Such smooth transition may reduce or eliminate the 
likelihood of the juncture between outer sheath 12b and inner 
penetrator 14b getting stuck or caught up, or pushing tissue 
forward, as introducer 10b is advanced within the body. 
0075. The tapered lumen 28b (e.g., tapered inner diam 
eters ID, and IDs) may provide for a tight or close fit at tip 
end 29b of outer sheath 12b with the outer surface of body 
portion 18b of innerpenetrator 14b, such that inner penetrator 
14b may be held substantially in place by outer sheath 12b. In 
some embodiments, the tapered lumen 28b provides for an 
interference fit between outer sheath 12b and inner penetrator 
14b, at least at tip end 29b of outer sheath 12b. 
0076. In addition, the length of tip portion 30b, denoted as 
length “L” compared to wall thickness T inner diam 
eters ID, and ID and/or outer diameters OD, and 
OD, may be selected to provide desired flexibility of tip 
portion 30b. For example, the ratio of the length L to wall 
thickness T at the thinnest point may be greater than or 
approximately equal to 10 to 1. Such configuration and 
dimensions may provide desired flexibility for tip portion 
3Ob. 
0077. The wall thickness of body portion 31b, denoted as 
thickness “T” which remains substantially constant along 
the length of body portion 31b, may be less than or approxi 
mately equal to 0.03 inches. In a particular embodiment, wall 
thickness T is approximately 0.024 inches. Such configu 
ration and dimensions may provide desired flexibility for 
middle transition region 37b. 
0078 FIGS. 3A-3F illustrate an example method of 
implanting a paddle style electrical stimulation lead into a 
human's epidural space using an example introducer 10 (Such 
as introducer 10a or introducer 10b, for example). Spinal cord 
47 is also shown. A location between two vertebrae is selected 
for the procedure. The site may be selected using fluoroscopy. 
The first step in performing the procedure is to insert needle 
41, preferably at an angle, into the skin, and through the 
Subcutaneous tissue and ligamentum flavum 44 of the spine, 
and into a human's epidural space 40. In one embodiment of 
the method, for example, the introducer might be inserted at 
an angle of approximately thirty-five to approximately forty 
five degrees. FIG. 3A illustrates insertion of needle 41 
through the skin between spinous processes 42 of two verte 
brae 43. Entry into epidural space 40 by needle 41 may be 
confirmed using standard methods such as the “loss-of-resis 
tance' technique after stylet 45, or inner portion of needle 41, 
is removed. 
0079. After removing stylet 45 from needle 41, guide wire 
46 may be inserted through needle 41 into epidural space 40, 
shown in FIG.3B. A guide wire is used in a preferred embodi 
ment of the method of insertion but is not required to insert a 
paddle style lead through the introducer. This part of the 
procedure may be performed under fluoroscopic guidance for 
example. Fluoroscopy may be used to check the position of 
guide wire 46 in epidural space 40 before inserting introducer 
10. In some embodiments, a removable stylet may be inserted 
into a channel extending within and along the length of guide 
wire 46 and manipulated by the operator in order to help steer 
guide wire 46 into position. The stylet may also provide 
additional rigidity to guide wire 46, which may be desired in 
particular applications. Once the tip of guide wire 46 is in 
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position within epidural space 40, needle 41 is removed. If a 
stylet was inserted into guide wire 46 as discussed above, the 
stylet may or may not be removed. For example, the stylet 
may be left in guide wire 46 in order to increase the rigidity or 
strength of guide wire 46 in order to resist guide wire 46 being 
moved by the advancement of introducer 10, as discussed 
below. 

0080. As shown in FIG. 3C, introducer 10 may then be 
inserted, preferably at an angle of approximately thirty-five to 
approximately forty-five degrees, although the exact angle 
may differ depending on technique and a patient's anatomy, 
over guide wire 46 and into epidural space 40 using guide 
wire 46 as a guide. The technique of passing introducer 10 
over guide wire 46 helps ensure proper placement of intro 
ducer 10 into epidural space 40 and helps avoid inadvertent 
passage of introducer 10 into an unsuitable location. The 
operator may choose to cut the skin around the insertion site 
with a scalpel to facilitate subsequent entry of introducer 10 
through the needle entry site. As discussed above, a stylet 
within guide wire 46 may increase the rigidity of guide wire 
46 to resist guide wire 46 being moved or dislocated by 
introducer 10 as introducer 10 advances along guide wire 46. 
In some embodiments, as introducer 10 advances along flex 
ures in guide wire 46, the tip of inner penetrator 14 and/or all 
or portions of outer sheath 12 may flex to maneuver around 
obstructions or physical structures in the body (such as a 
spinous process 42, Vertebrae 43, or any other structure in the 
body) and/or to substantially follow curvatures in guide wire 
46, rather than displacing portions of guide wire 46, which 
may cause damage to the body. An example of such flexing is 
shown and discussed below with reference to FIGS. 7A-7D. 
I0081. As introducer 10 is passed through the skin it elon 
gates the hole in the skin made by needle 41. As introducer 10 
is passed deeper into the paravertebral tissues, it spreads the 
fibers of tissue, muscle and ligamentum flavum 44 and forms 
a tract through these tissues and into epidural space 40, pref 
erably without cutting the tissues. At the level in the tissues 
where introducer 10 meets and penetrates ligamentum flavum 
44 there is a second loss of resistance when inner penetrator 
14 has completely penetrated the ligamentum flavum 44. 
Shoulder or ridge 23 of outer sheath 12 is preferably lodged 
against ligamentum flavum 44 during insertion of a paddle 
style lead. 
I0082 Once introducer 10 has completely penetrated liga 
mentum flavum, innerpenetrator 14 and guide wire 46 may be 
removed, leaving outer sheath 12 positioned in epidural space 
40, as shown in FIG. 3D. As shown in FIG. 3E, paddle style 
lead 50 may then be inserted through outer sheath 12 and 
positioned at an optimal vertebral level, using fluoroscopy for 
example, for the desired therapeutic effect. As shown in FIG. 
3F, outer sheath 12 may then be removed leaving only paddle 
style lead 50 in epidural space 40, where paddle style lead 50 
can be further manipulated if necessary to achieve a desired 
therapeutic effect. Paddle style lead 50 may be secured by 
Suturing it to a spinous process. In some embodiments, a 
removable stylet may be inserted into a channel extending 
within and along the length of lead 50 and manipulated by the 
operator in order to help steer lead 50 into position, such as 
described in U.S. Publication No. 2002/0022873, filed on 
Aug. 10, 2001, for example. The stylet may also provide 
additional rigidity to lead 50, which may be desired in par 
ticular applications. 
I0083. As described above, introducer 10 may be used to 
implant paddle style lead 50 into epidural space 40 for spinal 
nerve stimulation. The same or an analogous, perhaps 
Smaller, introducer 10 may be used to implant an analogous 
paddle style lead 50 into any appropriate region of the body 
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for peripheral nervestimulation. For example, Such a paddle 
style lead 50 may have an outer sheath 12 and lumen 28 with 
a width of approximately 1 mm to approximately 3 mm. 
0084. A similar method of insertion (not expressly shown) 
may be used to implant a paddle style electrical stimulation 
lead into a human's peripheral nerve tissue. In this embodi 
ment of the invention a site for insertion in tissue near a nerve 
is selected. The first step in performing the procedure is to 
insert a needle into the skin and through the Subcutaneous 
tissue and into tissue near a peripheral nerve. If the needle has 
a stylet, it may be removed and a guide wire may be inserted 
through the needle and into the tissue near a peripheral nerve. 
A guide wire may not be required. Fluoroscopy may or may 
not be used to guide insertion of a guide wire into tissue near 
a peripheral nerve. Once the tip of the guide wire, or needle, 
is in the tissue near a peripheral nerve, introducer 10 may be 
inserted, preferably at an angle that would depend on the 
anatomy of the body near the peripheral nerve to be stimu 
lated. As introducer 10 is passed through tissues, it elongates 
the tract made by a needle or guide wire and spreads the 
tissue. After positioning introducer 10 in tissue adjacent to the 
peripheral nerve to be stimulated, inner penetrator 14 is 
removed. A paddle style lead may then be inserted through 
outer sheath 12. Outer sheath 12 may then be removed leaving 
only the paddle style lead in position near the peripheral nerve 
to be stimulated. 
I0085. Now referring to FIGS. 4A and 4B, there are shown 
two embodiments of a stimulation system 200, 300 in accor 
dance with the present invention. The stimulation systems 
generate and apply a stimulus to a tissue or to a certain 
location of a body. In general terms, the system 200, 300 
includes a stimulation or energy source 210,310 and a lead 50 
for application of the stimulus. The lead 110 shown in FIGS. 
4A and 4B is the paddle style lead 50 of the present invention. 
I0086. As shown in FIG. 4A, the stimulation system 200 
includes the lead 50 that is coupled to the stimulation source 
210. In one embodiment, the stimulation source 210 includes 
an implantable pulse generator (IPG). As is known in the art, 
an implantable pulse generator (IPG) is implanted within the 
body (not shown) that is to receive electrical stimulation from 
the stimulation source 210. An example IPG may be one 
manufactured by Advanced Neuromodulation Systems, Inc., 
such as the Genesis(R) System, part numbers 3604, 3608, 
3609, and 3644, or the Eon R. System, part numbers 65-3716, 
65-3851, and 64-1254. 
I0087. As shown in FIG. 4B, the stimulation system 300 
includes the lead 50 that is coupled to the stimulation source 
310. The stimulation source 310 includes a wireless receiver. 
As is known in the art, the stimulation Source 310 comprising 
a wireless receiver is implanted within the body (not shown) 
that is to receive electrical stimulation from the stimulation 
source 310. An example wireless receiver 310 may be those 
wireless receivers manufactured by Advanced Neuromodu 
lation Systems, Inc., Such as the Renew(R) System, part num 
bers 3408 and 3416. 

0088. The wireless receiver (not shown) within stimula 
tion source 310 is capable of receiving wireless signals from 
a wireless transmitter 320. The wireless signals are repre 
sented in FIG. 4B by wireless link symbol 330. The wireless 
transmitter 320 and a controller 340 are located outside of the 
body that is to receive electrical stimulation from the stimu 
lation source 310. A user of the stimulation source 310 may 
use the controller 340 to provide control signals for the opera 
tion of the stimulation source 310. The controller 340 pro 
vides control signals to the wireless transmitter 320. The 
wireless transmitter 320 transmits the control signals (and 
power) to the receiver in the stimulation source 310 and the 
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stimulation source 310 uses the control signals to vary the 
signal parameters of the electrical signals that are transmitted 
through lead 110 to the stimulation site. An example wireless 
transmitter 320 may be those transmitters manufactured by 
Advanced Neuromodulation Systems, Inc., Such as the 
Renew(R) System, part numbers 3508 and 3516. 
I0089. As will be appreciated, the connectors are not vis 
ible in FIGS. 4A and 4B because the contact electrodes are 
situated within a receptacle (not shown) of the stimulation 
source 210, 310. The connectors are in electrical contact with 
a generator (not shown) of electrical signals within the stimu 
lation source 210, 310. The stimulation source 210, 310 gen 
erates and sends electrical signals via the lead 50 to the 
electrodes 160. Understandably, the electrodes 160 are 
located at a stimulation site (not shown) within the body that 
is to receive electrical stimulation from the electrical signals. 
A stimulation site may be, for example, adjacent to one or 
more nerves in the central nervous system (e.g., spinal cord) 
or peripheral nerves. The stimulation source 210, 310 is 
capable of controlling the electrical signals by varying signal 
parameters (e.g., intensity, duration, frequency) in response 
to control signals that are provided to the stimulation Source 
210, 310. 
0090. As described above, once lead 110 is inserted into 
either the epidural space or near the peripheral nerve, intro 
ducer 10 is removed. Lead 110 extends from the insertion site 
to the implant site (the area of placement of the generator). 
The implant site is typically a Subcutaneous pocket that 
receives and houses the IPG or receiver (providing stimula 
tion source 210,310). The implant site is usually positioned a 
distance away from the stimulation site. Such as near the 
buttocks or other place in the torso area. In most cases, the 
implant site (and insertion site) is located in the lower back 
area, and lead 110 may extend through the epidural space (or 
other space) in the spine to the stimulation site (e.g., middle or 
upper back, neck, or brain areas). Once the system is 
implanted, the system of leads and/or extensions may be 
Subject to mechanical forces and movement in response to 
body movement. FIG. 5 illustrates the steps that may be used 
to implant a stimulation system 200, 300 into a human. 
(0091 FIGS. 6A-6E illustrate an example method of 
removing an implanted paddle style electrical stimulation 
lead 50 from a human's epidural space 40 using introducer 
10b according to one embodiment of the invention. Such 
method may be used to remove an electrical stimulation lead 
50 for any suitable reason, such as to relocate, replace, or 
repair the lead 50, for example. As discussed below, the 
method may be particularly advantageous for removing a lead 
50 around which tissue may have grown and is thus firmly 
secured within the body. Although the method is discussed 
with reference to introducer 10b, the method may be similarly 
performed using any suitable introducer, Such as introducer 
10a, for example. 
0092. As shown in FIG. 6A, a paddle style electrical 
stimulation lead 50 having a body portion 52 and a stimulat 
ing portion 54 may be implanted in a human's epidural space 
40 in order to stimulate a nerve, such as discussed above 
regarding the method shown in FIGS. 3A-3F, for example. An 
end 56 of lead 50 extends out of the epidural space 40 and, in 
Some cases, out through the person's skin or into a subcuta 
neous pocket formed during implantation. Introducer 10b, 
including inner penetrator 14b inserted into outer sheath 12b, 
may be inserted around body portion 52 of lead 50 such that 
end 56 of lead 50 runs though inner channel 22b of inner 
penetrator 14b. As shown in FIG. 6A, introducer 10b may be 
advanced such that end 56 of lead 50 protrudes through open 
ing 26b in handle portion 16b of inner penetrator 14b. 
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0093. As shown in FIG. 6B, in some embodiments or 
situations, a stylet 400 may be inserted into a channel that 
extends along the length of lead 50, if appropriate. For 
example, stylet 400 may be a stylet typically used for guiding 
lead 50 during the positioning of lead 50 within the body. 
Stylet 400 may be advanced partially or completely along the 
length of lead 50, and may be advanced into stimulating 
portion 54 of lead 50. As discussed below, stylet 400 is 
inserted into lead 50 in order to increase the rigidity of lead 50 
such that when the introducer 10b advances along flexures in 
body portion 52 of lead 50, tip region 25b of inner penetrator 
14b and/or other portions of introducer 10b may flex to sub 
stantially follow the flexures in body portion 52 of lead 50. 
0094. As shown in FIG. 6C, introducer 10b may be 
advanced along body portion 52 of lead50 until tip region 25b 
of innerpenetrator 14b is adjacent with, or comes into contact 
with, stimulating portion 54 of lead 50. As it advances, intro 
ducer 10b may separate tissue from body portion 52 of lead 
50, such as tissue that may have formed around body portion 
52 overtime, thus creating a passageway through the body. In 
situations in which body portion 52 extends out through the 
skin, the operator may choose to cut the skin around the entry 
point of lead 50 with a scalpel to facilitate subsequent entry of 
introducer 10. In addition, as introducer 10b advances along 
flexures in body portion 52 of lead50, due at least in part to the 
added strength added to lead 50 by stylet 400, tip region 25b 
of inner penetrator 14b and/or all or portions of outer sheath 
12b may flex to maneuver around obstructions or physical 
structures in the body (such as a spinous process 42, vertebrae 
43, or any other structure in the body) and/or to substantially 
follow curvatures in body portion 52 of lead 50, rather than 
displacing portions of lead 50, which may cause damage to 
the body or lead 50. An example of such flexing is shown and 
discussed below with reference to FIGS. 7A-7D. In some 
embodiments, this part of the procedure may be performed 
under fluoroscopic guidance. For example, fluoroscopy may 
identify radio-opaque markers 34b and 35b on inner penetra 
tor 14b and outer sheath 12b, as well as radio-opaque portions 
of lead 50, such that the operator (e.g., doctor) may determine 
the relative positions of introducer 10b and lead 50 during the 
procedure. 
0095. As shown in FIG. 6D, when introducer 10b has been 
advanced until inner penetrator 14b is adjacent with or con 
tacting stimulating portion 54 of lead 50, outer sheath 12b 
may be advanced forward (e.g. by sliding) relative to inner 
penetrator 14b until outer sheath 12b covers at least a portion 
of stimulation portion 54 of lead 50. Outer sheath 12b may be 
advanced forward until it completely covers stimulation por 
tion 54 of lead 50. Advancing outer sheath 12b over stimula 
tion portion 54 may separate tissue from stimulating portion 
54. Such as tissue that may have grown attached to stimulating 
portion 54. In some embodiments, this part of the procedure 
may be performed underfluoroscopic guidance. For example, 
fluoroscopy may identify radio-opaque markers 34b and 35b 
on inner penetrator 14b and outer sheath 12b, as well as 
radio-opaque portions of lead 50. Such that the operator (e.g., 
doctor) may determine the relative positions of innerpenetra 
tor 14b, outer sheath 12b, and stimulating portion 54 of lead 
50 during the procedure. 
0096. As shown in FIG. 6E, inner penetrator 14b, outer 
sheath 12b, and lead 50 may all be removed together through 
the passageway created by advancing introducer 10b along 
lead 50, as discussed above regarding FIG. 6C. In this man 
ner, lead 50 may be removed from the body without causing 
significant damage to the body or to the lead 50. As discussed 
above, the method may be particularly advantageous for 
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removing a lead 50 around which tissue may have grown and 
is thus firmly secured within the body. 
(0097 FIGS. 7A-7D illustrate example views of introducer 
10b flexing as it moves along a guide wire 46 or stimulation 
lead 50 within the body, in accordance with certain embodi 
ments of the invention. In particular, all or portions of tip 
portion 25b of inner penetrator 14b may substantially flex to 
follow bands or curves in guide wire 46 or stimulation lead 
50. In some embodiments, due to the relative shapes and 
dimensions (e.g., the relative wall thicknesses) of tip transi 
tion region 36b, middle transition region 37b, and body tran 
sition region 38b, tip transition region 36b may be the most 
flexible, followed by middle transition region 37b, followed 
by body transition region 38b. In addition, in some embodi 
ments, such as where outer sheath 12b is formed from a 
polymer, all or portions of outer sheath 12b may also flex to 
partially or substantially follow curvatures in guide wire 46 or 
stimulation lead 50, such as shown in FIGS. 7C and 7D, for 
example. 
(0098. Such flexibility of inner penetrator 14b and/or outer 
sheath 12b may provide several advantages, as discussed 
above. First, such flexibility may be advantageous for navi 
gating introducer 10b into particular regions in the body. Such 
as the epidural region, for example, which may also reduce 
the likelihood of introducer 10b damaging tissue in the body. 
Also, such flexibility may partially or substantially prevent 
introducer 10b from displacing guide wire 46 as introducer 
10b moves along guide wire 46 (which displacement may 
disrupt the lead insertion or removal process and/or damage 
tissue in the body. 
(0099 FIG. 8 illustrates an example lead introducer kit 500 
for preparing to implant an electrical stimulation lead for 
electrical stimulation of nerve tissue in a human, according to 
one embodiment of the invention. Generally, lead introducer 
kit 500 includes a lead blank 502 and one or more various 
tools or accessories for preparing for implanting an actual 
electrical stimulation lead into a human body. The lead blank 
502 may be used, for example, to determine whetheran actual 
electrical stimulation lead to be implanted will fit into the 
target location in the body. For example, an electrical stimu 
lation lead may not fit into the epidural space due to Scartissue 
or other blockages within the epidural space. Thus, if it is 
determined using lead blank 502 that an electrical stimulation 
lead will not fit into the target location in the body, the elec 
trical stimulation lead need not be removed from its packag 
ing, thus allowing the electrical stimulation lead to be used on 
another patient or at a later time. This may be advantageous 
due to the relatively high cost of some electrical stimulation 
leads. 

0100. In the embodiment shown in FIG. 8, lead introducer 
kit 500 includes lead blank 502, a needle 504, and a guide 
wire 506, and a lead introducer 508. Lead introducer kit 500 
may include other tools or accessories for preparing to 
implant an electrical stimulation lead, but in preferred 
embodiments does not include the actual electrical stimula 
tion lead. Lead blank 502 may have an identical or similar 
shape and size as an electrical stimulation lead to be inserted 
into the body for electrical stimulation of nerve tissue. As 
discussed above, lead blank 502 may be configured for inser 
tion into the human body to determine whether the electrical 
stimulation lead may be inserted into the desired location 
proximate the nerve tissue to be stimulated. For example, lead 
blank 502 may be configured for insertion into the human 
body using the various methods and/or devices discussed 
herein, or using any other known methods and/or devices. 
0101 Lead blank 502 may include a removable stylet 510 
which may be used for steering lead blank 502 during inser 
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tion and/or positioning of lead blank 502. Stylet 510 may be 
inserted into a channel extending within lead blank 502 and 
manipulated by an operator in order to help steer lead blank 
502. In addition, in some embodiments, the shape of lead 
blank 502 may be configured to facilitate steering of lead 
blank 502. For example, lead blank 502 may be a paddle 
shape with one or more indentions, notches, or score lines that 
may increase the flexibility of lead blank 502. For instance, 
FIG. 9 illustrates an example lead blank 502 including a 
paddle style portion 514 having a scalloped shape. The Scal 
loped shape may increase the flexibility and steerability of 
lead blank 502. 
0102 Needle 504 may include any needle suitable for 
inserting guide wire 506 into a desired location in the body, 
Such as a human's epidural space, for example, such as needle 
41 discussed above regarding the method of FIGS. 3A-3F. 
Needle 504 may include a removable stylet 516, such as stylet 
45 discussed above, for example. 
0103 Lead introducer 508 may include any one or more 
devices for inserting lead blank 502 into the human body. In 
some embodiments, lead introducer 508 may comprise intro 
ducer 10 or introducer 10b described herein, or any other 
suitable lead introducer. Thus, in some embodiments, lead 
introducer 508 may include an outer sheath 530 and an inner 
penetrator 532. Outer sheath 530 may be inserted into a 
human body near nerve tissue to be stimulated. Innerpenetra 
tor 532 may be removably housed within outer sheath 530 and 
may include an inner channel configured to receive and be 
advanced along guide wire 506 to a desired location relative 
to the nerve tissue to be stimulated. Inner penetrator 532 may 
then be removed from outer sheath 530, leaving outer sheath 
530 substantially in position for insertion (or attempted inser 
tion) of lead blank 502 through the outer sheath to determine 
whetheran actual electrical stimulation lead may be properly 
inserted into position proximate the nerve tissue to be stimu 
lated. Thus, as discussed above, if lead blank 502 will not fit 
into the target location in the body, it may be determined that 
the actual electrical stimulation lead will similarly not fit into 
the target location. Thus, the electrical stimulation lead, 
which may be included in a separate kit or otherwise pack 
aged separately from lead introducer kit 500, need not be 
removed from its packaging, thus avoiding wasting an elec 
trical stimulation lead, which may be relatively expensive. 
0104 FIG.10 illustrates an example paddle style electrical 
stimulation lead 50a having electrodes on only one side, and 
markings indicating the directional orientation of the lead 
50a, according to one embodiment of the invention. Paddle 
style lead 50a may include any suitable number of electrodes 
160a. Electrodes 160a may be flat electrodes that emit energy 
out of only of the two sides. Such electrodes 160a may be 
desirable for very small paddle leads, for example. Since the 
electrodes 160a emit energy out of only one side, the orien 
tation (i.e., which side is facing in which direction) of the 
paddle style lead 50a may be important, particularly when 
implanting the lead 50a adjacent the target nerve tissue. 
0105 Thus, lead 50a may include one or more markers 
550 that may be detected by one or more medical imaging 
techniques (such as ultrasound, fluoroscopy, MRI, fMRI and/ 
or X-ray, for example) to indicate the directional orientation 
of the lead 50a. For example, lead 50a may include one or 
more radio-opaque markers 550 having particular shapes or 
relative locations such that the operator may determine the 
orientation of the lead 50a. 

0106 FIG. 11 illustrates an example paddle style electrical 
stimulation lead 50b having a substantially uniform paddle 
shaped cross-section extending along the body of the lead 
50b, according to one embodiment of the invention. Paddle 
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style lead 50b includes a body portion 52b and a stimulating 
portion 54b, and a number of electrodes 160b located at 
stimulating portion 54b. The cross-section of paddle style 
stimulating portion 54b, which may be, for example, a Sub 
stantially oval, oblong, or rectangular cross-section, may Sub 
stantially extend along all or at least a significant portion of 
the length of body portion 52b. In some embodiments, the 
Substantially uniform cross-section may extend at least to a 
point outside the epidural region, or outside the skin. In par 
ticular embodiments, the Substantially uniform cross-section 
may extend all the way back to the stimulation or power 
Source. This uniform cross-section may make it easier to 
remove lead 50b from a human body as compared with leads 
having a smaller cross-sectioned lead body. For example, 
epidural tissue may grow around an implanted lead body over 
time. Such tissue may impede the removal of traditional 
paddle style leads. The substantially uniform cross-section of 
paddle style lead 50b prevents or reduces the ability of such 
tissue to impede the removal of implanted lead 50b from the 
body. 
0107 FIG. 12 illustrates an example paddle style electrical 
stimulation lead 50c having a tear away body portion, accord 
ing to one embodiment of the invention. Paddle style lead 50c 
may be similar to paddle style lead 50b shown in FIG. 11. In 
particular, paddle style lead 50c may includes a body portion 
52c, a stimulating portion 54c, a number of electrodes 160c 
located at stimulating portion 54c, and a Substantially uni 
form cross-section (such as a Substantially oval, oblong, or 
rectangular cross-section, for example) extending back along 
body portion 52c. Body portion 52c may include a tear-away 
portion 560 that may be torn away or otherwise removed, 
revealing a small cross-sectioned lead body (Such as a stan 
dard lead body wire or cord, for example) that may extend 
back to the stimulation or power source. Tear-away portion 
560 is indicated by perforated tear lines 562. However, tear 
away portion 560 may have any other configuration and may 
be removed in any other suitable manner. In some embodi 
ments, such as shown in FIG. 12, the distance from stimulat 
ing portion 54c to tear-away portion 560 may be selected or 
designed such that when lead 50c is implanted in the body, the 
forward edge of tear-away portion 560 may be located near or 
just outside the epidural region 562, or the skin. Thus, lead 
50c may provide the advantage of being relatively easy to 
remove from the body (due to the substantially uniform cross 
section, as discussed above), as well as providing a smaller, 
more manageable body portion 54c leading back to the stimu 
lation or power source. 
0108. Although the present invention has been described 
with several embodiments, a number of changes, Substitu 
tions, variations, alterations, and modifications may be Sug 
gested to one skilled in the art, and it is intended that the 
invention encompass all Such changes, Substitutions, varia 
tions, alterations, and modifications as fall within the spirit 
and scope of the appended claims. 
What is claimed: 
1. A method of implanting an electrical stimulation lead in 

a minimally invasive percutaneous manner to enable electri 
cal stimulation of a human's spinal nerve tissue, comprising: 

inserting a needle into the epidural space; 
inserting a guide wire through the needle until an end of the 

guide wire is positioned in the epidural space at a desired 
location relative to the spinal nerve tissue to be stimu 
lated; 

removing the needle and leaving the guide wire Substan 
tially in position; 

advancing an introducer, the introducer comprising an 
sheath and a penetrator removably housed within the 
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sheath, the penetrator of the introducer comprising a 
channel configured to accommodate the guide wire and 
further comprising a body portion and a flexible tip 
portion with the tip portion configured to extend beyond 
the sheath, the tip portion having at least three transition 
regions for providing a transition between the body por 
tion and the tip portion, along the guide wire until an end 
of the penetrator of the introducer is positioned in the 
epidural space at a desired location with respect to the 
spinal nerve tissue to be stimulated, the sheath of the 
introducer forming a tract as the penetrator of the intro 
ducer advances along the guide wire; 

removing the guide wire and the penetrator of the intro 
ducer and leaving the sheath of the introducer Substan 
tially in position; and 

inserting the electrical stimulation lead through the sheath 
of the introducer until the electrical stimulation lead is 
positioned in the epidural space proximate the spinal 
nerve tissue to be stimulated. 

2. The method of claim 1, wherein the three transition 
regions of the tip portion include a flexible tip region at the 
end of the tip portion, a middle region next to the tip region 
and the body region intermediate the middle region and the 
body portion. 

3. The method of claim 2, wherein the tip region has a 
Substantially circular cross-section extending along the 
length of the tip region. 

4. The method of claim 3, wherein the tip region tapers 
from the middle region towards the end of the tip region. 

5. The method of claim 4, wherein the middle region has a 
Substantially circular and constant cross-section extending 
the length of the middle region. 

6. The method of claim 5, wherein the body region tapers 
from the body toward the middle region at angle greater that 
the taper of the tip region. 

7. The method of claim 6, wherein the cross section of the 
body region and the sheath have cross-sections of the same 
shape. 

8. The method of claim 6, wherein the body region transi 
tions from a substantially oval-cross-section adjacent the 
body to a Substantially circular cross-section adjacent the 
middle region. 

9. A method of implanting a system to enable electrical 
stimulation of a human's nerve tissue, comprising: 

inserting a needle into tissue proximate nerve tissue to be 
stimulated; 

inserting a guide wire through the needle until an end of the 
guide wire is positioned at a desired location relative to 
nerve tissue to be stimulated; 
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removing the needle and leaving the guide wire Substan 
tially in position; 

advancing along a guide wire an introducer, the introducer 
comprising an sheath and a penetrator removably 
housed within the sheath, the penetrator of the intro 
ducer comprising a channel configured to accommodate 
the guide wire and further comprising a body portion 
and a flexible tip portion with the tip portion configured 
to extend beyond the sheath, the tip portion having at 
least three transition regions for providing a transition 
between the body portion and the tip portion, along the 
guide wire until an end of the penetrator of the introducer 
is positioned in the epidural space at a desired location 
with respect to the spinal nerve tissue to be stimulated, 
the sheath of the introducer forming a tract as the pen 
etrator of the introducer advances along the guide wire; 

removing the guide wire and the penetrator of the intro 
ducer and leaving the sheath of the introducer Substan 
tially in position; 

inserting an electrical stimulation lead through the sheath 
of the introducer until the electrical stimulation lead is 
positioned proximate the nerve tissue to be stimulated; 

removing the outer sheath; 
connecting the electrical stimulation lead to a generator; 

creating a Subcutaneous pocket for a generator; and 
inserting the generator into the Subcutaneous pocket. 
10. The method of claim 9, wherein the three transition 

regions of the tip portion include a flexible tip region at the 
end of the tip portion, a middle region next to the tip region 
and the body region intermediate the middle region and the 
body portion. 

11. The method of claim 10, wherein the tip region has a 
Substantially circular cross-section extending along the 
length of the tip region. 

12. The method of claim 11, wherein the tip region tapers 
from the middle region towards the end of the tip region. 

13. The method of claim 12, wherein the middle region has 
a Substantially circular and constant cross-section extending 
the length of the middle region. 

14. The method of claim 13, wherein the body region tapers 
from the body toward the middle region at angle greater that 
the taper of the tip region. 

15. The method of claim 14, wherein the cross section of 
the body region and the sheath have cross-sections of the 
same shape. 

16. The method of claim 14, wherein the body region 
transitions from a substantially oval-cross-section adjacent 
the body to a Substantially circular cross-section adjacent the 
middle region. 


