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(57) ABSTRACT 

An anchoring unit for an implantable lead includes a body, a 
plurality of anchoring members, and at least one connecting 
element coupling together at least two of the anchoring mem 
bers that are positioned adjacent to one another. The body is 
configured and arranged for positioning along a portion of an 
outer Surface of a lead. The body has a first end, a second end, 
and a longitudinal axis extending therebetween. The first end 
is configured and arranged for placement on the lead so that 
the first end is positioned more distally on the lead than the 
second end. Each anchoring member has a proximal end and 
a distal end. The proximal end of each anchoring member 
extends from the body and the distal end of each anchoring 
member anchors to patient tissue upon implantation of the 
anchoring unit into the patient. 
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ANCHORING UNITS FOR IMPLANTABLE 
ELECTRICAL STMULATION SYSTEMIS AND 

METHODS OF MAKING AND USING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application Ser. No. 
61/167.358 filed on Apr. 7, 2009, which is incorporated 
herein by reference. 

FIELD 

0002 The present invention is directed to the area of 
implantable electrical stimulation systems and methods of 
making and using the systems. The present invention is also 
directed to implantable electrical stimulation leads having 
one or more anchoring units coupled to the lead to facilitate 
fixing of the lead within patient tissue, as well as methods of 
making and using the leads, anchoring units, and electrical 
stimulation systems. 

BACKGROUND 

0003 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 Syn 
dromes. Deep brain stimulation has also been useful for treat 
ing refractory chronic pain syndromes and has been applied 
to treat movement disorders and epilepsy. 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. Moreover, electrical 
stimulation systems can be implanted Subcutaneously to 
stimulate Subcutaneous tissue including Subcutaneous nerves 
Such as the occipital nerve. 
0004 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 con 
trol module generates electrical pulses that are delivered by 
the electrodes to body tissue. 

BRIEF SUMMARY 

0005. In at least one embodiment, an anchoring unit for an 
implantable lead includes a body, a plurality of anchoring 
members, and at least one connecting element coupling 
together at least two of the anchoring members that are posi 
tioned adjacent to one another. The body is configured and 
arranged for positioning along a portion of an outer Surface of 
a lead. The body has a first end, a second end, and a longitu 
dinal axis extending therebetween. The first end is configured 
and arranged for placement on the lead so that the first end is 
positioned more distally on the lead than the second end. Each 
anchoring member has a proximal end and a distal end. The 
proximal end of each anchoring member extends from the 
body and the distal end of each anchoring member anchors to 
patient tissue upon implantation of the anchoring unit into the 
patient. 
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0006. In another embodiment, an anchoring unit for an 
implantable lead includes a body, at least one anchoring 
member, and at least one leaf spring. The body is configured 
and arranged for positioning along a portion of an outer 
Surface of the lead. The at least one anchoring member has a 
proximal end and a distalend. The proximal end extends from 
the body and the distal end is configured and arranged for 
anchoring the anchoring unit to tissue of a patient upon 
implantation of the anchoring unit into the patient. Theat least 
one leaf spring has a first end and a second end. The first end 
is coupled to the body and the second end is coupled to the 
distal end of the at least one anchoring member. 
0007. In yet another embodiment, an anchoring unit for an 
implantable lead includes a body and at least one anchoring 
member. The body is configured and arranged for positioning 
along a portion of an outer Surface of a lead. The body has a 
first end and a second end and a longitudinal axis extending 
between the first end and the second end. The first end is 
configured and arranged for placement on the lead so that the 
first end is positioned more distally on the lead than the 
second end. The at least one anchoring member has a proxi 
mal end and a distal end. The proximal end extends from the 
body and the distal end is configured and arranged for anchor 
ing the anchoring unit to tissue of a patient upon implantation 
into the patient. At least a portion of one anchoring member 
extends in a direction that forms an angle with the longitudi 
nal axis of the body distal to the at least one anchoring mem 
ber that is no greater than ninety degrees. 
0008. In another embodiment, an anchoring unit for an 
implantable lead includes a body and at least one anchoring 
member. The body is configured and arranged for positioning 
along a portion of an outer Surface of the lead. The at least one 
anchoring member has a proximal end, a distal end, and a 
longitudinal axis. The proximal end of the at least one anchor 
ing member extends from the body and the distal end of the at 
least one anchoring member is configured and arranged for 
anchoring the anchoring unit to tissue of a patient upon 
implantation into the patient. The at least one anchoring 
member extends from the body such that the at least one 
anchoring unit is arranged in a helical or spiral arrangement. 
0009. In yet another embodiment, an anchoring unit for an 
implantable lead includes a body and at least one anchoring 
member. The body is configured and arranged for positioning 
along a portion of an outer Surface of the lead. The at least one 
anchoring member has a proximal end, a distal end, and a 
longitudinal axis. The proximal end of the at least one anchor 
ing member extends from the body and the distal end of the at 
least one anchoring member is configured and arranged for 
anchoring the anchoring unit to tissue of a patient upon 
implantation into the patient. The distal end of the at least one 
anchoring member is wider than the proximal end of the at 
least one anchoring unit. 
0010. In another embodiment, an anchoring unit for an 
implantable lead includes a body and a single anchoring 
member. The body is configured and arranged for positioning 
along a portion of an outer Surface of the lead. The single 
anchoring member has a proximal end, a distal end, and a 
longitudinal axis. The proximal end of the single anchoring 
member extends from the body and the distalend of the single 
anchoring member is configured and arranged for anchoring 
the anchoring unit to tissue of a patient upon implantation into 
the patient. The single anchoring member extends from the 
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body in a helical arrangement that extends at least one revo 
lution around a circumference of the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 Non-limiting and non-exhaustive embodiments of 
the present invention are described with reference to the fol 
lowing drawings. In the drawings, like reference numerals 
refer to like parts throughout the various figures unless oth 
erwise specified. 
0012 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: 
0013 FIG. 1 is a schematic view of one embodiment of an 
electrical stimulation system, according to the invention; 
0014 FIG. 2 is a schematic view of another embodiment 
of an electrical stimulation system, according to the inven 
tion; 
0.015 FIG. 3A is a schematic view of one embodiment of 
a proximal portion of a lead and a control module of an 
electrical stimulation system, according to the invention; 
0016 FIG. 3B is a schematic view of one embodiment of 
a proximal portion of a lead and a lead extension of an elec 
trical stimulation system, according to the invention; 
0017 FIG. 4A is a schematic perspective view of a first 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body and anchoring 
members with an arcing longitudinal axis, according to the 
invention; 
0.018 FIG. 4B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 4A, according to 
the invention; 
0019 FIG. 5A is a schematic perspective view of a second 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body and anchoring 
members coupled to the body in a helical arrangement, 
according to the invention; 
0020 FIG. 5B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG.5A, according to 
the invention; 
0021 FIG. 6A is a schematic perspective view of a third 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body defining at least 
one slit and anchoring members coupled to the body in a 
helical arrangement, according to the invention; 
0022 FIG. 6B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 6A, according to 
the invention; 
0023 FIG. 7A is a schematic perspective view of a fourth 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body, anchoring mem 
bers coupled to the body, and connecting elements coupling 
distal ends of the anchoring members to one another, accord 
ing to the invention; 
0024 FIG. 7B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 7A, according to 
the invention; 
0025 FIG. 8A is a schematic perspective view of a fifth 
and a sixth embodiment of an anchoring unit for an electrical 
stimulation system, the anchoring unit including a body and 
at least one anchoring member, according to the invention; 
0026 FIG. 8B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 8A, according to 
the invention; 

Oct. 7, 2010 

0027 FIG.9A is a schematic perspective view of a seventh 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body and anchoring 
members coupled to the body, the anchoring members 
increasing in width as the anchoring members extend away 
from the body, according to the invention; 
0028 FIG.9B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG.9A, according to 
the invention; 
0029 FIG. 10A is a schematic perspective view of an 
eighth embodiment of an anchoring unit for an electrical 
stimulation system, the anchoring unit including a body and 
anchoring members coupled to the body, each anchoring 
member having a distal end that also couples to the body via 
a leaf spring, according to the invention; 
0030 FIG. 10B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 10A, according 
to the invention; 
0031 FIG. 11A is a schematic perspective view of a ninth 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body and distally 
biased anchoring members, according to the invention; 
0032 FIG. 11B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 11A, according 
to the invention; 
0033 FIG. 12A is a schematic perspective view of a tenth 
embodiment of an anchoring unit for an electrical stimulation 
system, the anchoring unit including a body and curled 
anchoring members, each anchoring member curled to 
include a proximally-biased section and a distally-biased sec 
tion, according to the invention; 
0034 FIG.12B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 12A, according 
to the invention; 
0035 FIG. 13A is a schematic perspective view of an 
eleventh embodiment of an anchoring unit for an electrical 
stimulation system, the anchoring unit including a body and 
articulated anchoring members, each anchoring member 
including a proximally-biased section and a distally-biased 
section, according to the invention; 
0036 FIG. 13B is a schematic bottom view, side view, and 
top view of the anchoring unit shown in FIG. 13A, according 
to the invention; 
0037 FIG. 14 is a schematic perspective view of one 
embodiment of a portion of a lead body of an electrical 
stimulation system on which four similarly-shaped anchoring 
units are disposed, according to the invention; 
0038 FIG. 15 is a schematic perspective view of one 
embodiment of a portion of a lead body of an electrical 
stimulation system on which nine differently-shaped anchor 
ing units are disposed, according to the invention; and 
0039 FIG.16 is a schematic overview of one embodiment 
of components of a stimulation system, including an elec 
tronic Subassembly disposed within a control module, 
according to the invention. 

DETAILED DESCRIPTION 

0040. The present invention is directed to the area of 
implantable electrical stimulation systems and methods of 
making and using the systems. The present invention is also 
directed to implantable electrical stimulation leads having 
one or more anchoring units coupled to the lead to facilitate 
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fixing of the lead within patient tissue, as well as methods of 
making and using the leads, anchoring units, and electrical 
stimulation systems. 
0041) Suitable implantable electrical stimulation systems 
include, but are not limited to, an electrode lead (“lead') with 
one or more electrodes disposed on a distal end of the lead and 
one or more terminals disposed on one or more proximal ends 
of the lead. Leads include, for example, percutaneous leads, 
paddle leads, and cuff leads. Examples of electrical stimula 
tion systems with leads are found in, for example, U.S. Pat. 
Nos. 6, 181969; 6,516,227; 6,609,029; 6,609,032; and 6,741, 
892; and U.S. patent application Ser. Nos. 10/353,101, 
10/503,281, 11/238,240; 11/319,291; 11/327,880; 11/375, 
638; 11/393,991; and 11/396,309, all of which are incorpo 
rated by reference. 
0042 FIG. 1 illustrates schematically one embodiment of 
an electrical stimulation system 100. The electrical stimula 
tion system includes a control module (e.g., a stimulator or 
pulse generator) 102, a paddle body 104, and at least one lead 
body 106 coupling the control module 102 to the paddlebody 
104. The paddle body 104 and the one or more lead bodies 
106 form a lead. The paddle body 104 typically includes an 
array of electrodes 134. The control module 102 typically 
includes an electronic subassembly 110 and an optional 
power source 120 disposed in a sealed housing 114. The 
control module 102 typically includes a connector 144 (FIGS. 
2 and 3A, see also 322 and 350 of FIG. 3B) into which the 
proximal end of the one or more lead bodies 106 can be 
plugged to make an electrical connection via conductive con 
tacts on the control module 102 and terminals (e.g., 310 in 
FIGS. 3A and 336 of FIG.3B) on each of the one or more lead 
bodies 106. It will be understood that the electrical stimula 
tion system can include more, fewer, or different components 
and can have a variety of different configurations including 
those configurations disclosed in the electrical stimulation 
system references cited herein. For example, instead of a 
paddle body 104, the electrodes 134 can be disposed in an 
array at or near the distal end of the lead body 106 forming a 
percutaneous lead, as illustrated in FIG. 2. A percutaneous 
lead may be isodiametric along the length of the lead. In 
addition, one or more lead extensions 312 (see FIG. 3B) can 
be disposed between the one or more lead bodies 106 and the 
control module 102 to extend the distance between the one or 
more lead bodies 106 and the control module 102 of the 
embodiments shown in FIGS. 1 and 2. 
0043. The electrical stimulation system or components of 
the electrical stimulation system, including one or more of the 
lead bodies 106, the paddle body 104, 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, brain stimulation, 
neural stimulation, spinal cord stimulation, muscle stimula 
tion, and the like. 
0044) The electrodes 134 can be formed using any con 
ductive, biocompatible material. Examples of suitable mate 
rials include metals, alloys, conductive polymers, conductive 
carbon, and the like, as well as combinations thereof. The 
number of electrodes 134 in the array of electrodes 134 may 
vary. For example, there can be two, four, six, eight, ten, 
twelve, fourteen, sixteen, or more electrodes 134. As will be 
recognized, other numbers of electrodes 134 may also be 
used. 

0045. The electrodes of the paddle body 104 or one or 
more lead bodies 106 are typically disposed in, or separated 
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by, a non-conductive, biocompatible material including, for 
example, silicone, polyurethane, polyetheretherketone 
(“PEEK), epoxy, and the like or combinations thereof. The 
paddle body 104 and one or more lead bodies 106 may be 
formed in the desired shape by any process including, for 
example, molding (including injection molding), casting, and 
the like. Electrodes and connecting wires can be disposed 
onto or within a paddle body either prior to or subsequent to 
a molding or casting process. The non-conductive material 
typically extends from the distal end of the lead to the proxi 
mal end of each of the one or more lead bodies 106. The 
non-conductive, biocompatible material of the paddle body 
104 and the one or more lead bodies 106 may be the same or 
different. The paddle body 104 and the one or more lead 
bodies 106 may be a unitary structure or can beformed as two 
separate structures that are permanently or detachably 
coupled together. 
0046 Terminals (e.g., 310 in FIGS. 3A and 336 of FIG. 
3B) are typically disposed at the proximal end of the one or 
more lead bodies 106 for connection to corresponding con 
ductive contacts (e.g., 314 in FIGS. 3A and 340 of FIG. 3B) 
in connectors (e.g., 144 in FIGS. 1-3A and 322 and 350 of 
FIG. 3B) disposed on, for example, the control module 102 
(or to other devices, such as conductive contacts on a lead 
extension, an operating room cable, or an adaptor). Conduc 
tive wires (“conductors') (not shown) extend from the termi 
nals (e.g., 310 in FIGS. 3A and 336 of FIG. 3B) to the 
electrodes 134. Typically, one or more electrodes 134 are 
electrically coupled to a terminal (e.g., 310 in FIGS. 3A and 
336 of FIG. 3B). In some embodiments, each terminal (e.g., 
310 in FIGS. 3A and 336 of FIG.3B) is only connected to one 
electrode 134. The conductive wires may be embedded in the 
non-conductive material of the lead or can be disposed in one 
or more lumens (not shown) extending along the lead. In 
Some embodiments, there is an individual lumen for each 
conductive wire. In other embodiments, two or more conduc 
tive wires may extend through alumen. There may also be one 
or more lumens (not shown) that open at, or near, the proximal 
end of the lead, for example, for inserting a stylet rod to 
facilitate placement of the lead within a body of a patient. 
Additionally, there may also be one or more lumens (not 
shown) that open at, or near, the distal end of the lead, for 
example, for infusion of drugs or medication into the site of 
implantation of the paddle body 104. In at least one embodi 
ment, the one or more lumens may be flushed continually, or 
on a regular basis, with Saline, epidural fluid, or the like. In at 
least Some embodiments, the one or more lumens can be 
permanently or removably sealable at the distal end. 
0047. In at least some embodiments, leads are coupled to 
connectors disposed on control modules. In FIG. 3A, a lead 
308 is shown configured and arranged for insertion to the 
control module 102. The connector 144 includes a connector 
housing 302. The connector housing 302 defines at least one 
port 304 into which a proximal end 306 of a lead 308 with 
terminals 310 can be inserted, as shown by directional arrow 
312. The connector housing 302 also includes a plurality of 
conductive contacts 314 for each port 304. When the lead 308 
is inserted into the port 304, the conductive contacts 314 can 
be aligned with the terminals 310 on the lead 308 to electri 
cally couple the control module 102 to the electrodes (134 of 
FIG. 1) disposed at a distal end of the lead 308. Examples of 
connectors in control modules are found in, for example, U.S. 
Pat. No. 7,244,150 and U.S. patent application Ser. No. 
1 1/532,844, which are incorporated by reference. 
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0048. In FIG. 3B, a connector 322 is disposed on a lead 
extension 324. The connector 322 is shown disposed at a 
distal end 326 of the lead extension 324. The connector 322 
includes a connector housing 328. The connector housing 328 
defines at least one port 330 into which a proximal end 332 of 
a lead 334 with terminals 336 can be inserted, as shown by 
directional arrow 338. The connector housing 328 also 
includes a plurality of conductive contacts 340. When the lead 
334 is inserted into the port 330, the conductive contacts 340 
disposed in the connector housing 328 can be aligned with the 
terminals 336 on the lead 334 to electrically couple the lead 
extension 324 to the electrodes (134 of FIG. 1) disposed at a 
distal end (not shown) of the lead 334. 
0049. In at least some embodiments, the proximal end of a 
lead extension is similarly configured and arranged as a proxi 
mal end of a lead. The lead extension 324 may include a 
plurality of conductive wires (not shown) that electrically 
couple the conductive contacts 340 to a proximal end 348 of 
the lead extension324 that is opposite to the distal end 326. In 
at least some embodiments, the conductive wires disposed in 
the lead extension 324 can be electrically coupled to a plu 
rality of terminals (not shown) disposed on the proximal end 
348 of the lead extension 324. In at least some embodiments, 
the proximal end 348 of the lead extension 324 is configured 
and arranged for insertion into a connector disposed in 
another lead extension. In other embodiments, the proximal 
end 348 of the lead extension 324 is configured and arranged 
for insertion into a connector disposed in a control module. As 
an example, in FIG. 3B the proximal end 348 of the lead 
extension 324 is inserted into a connector 350 disposed in a 
control module 352. 
0050 Electrode placement can be important for obtaining 
efficacious patient response to stimulation. Sometimes a dis 
talend of a lead may migrate from an intended treatment site 
over time due to patient movement. When a distal end of a 
lead migrates far enough away from the intended treatment 
site, a loss of efficacy may occur and Surgical re-implantation 
may become necessary to re-establish efficacy. 
0051 One way to reduce migration of the distal end of an 
implanted lead is to anchor the distal end of the lead within 
patient tissue. In at least some embodiments, anchoring units 
are described for use with implantable electrical stimulation 
systems. In at least some embodiments, one or more anchor 
ing units may be disposed along alongitudinal axis of the lead 
body (see e.g., FIGS. 13 and 14). One or more anchoring units 
may be positioned on the lead body distal to the electrodes, 
in-between two or more electrodes, proximal to the elec 
trodes, or any combination thereof. The anchoring units may 
be different sizes and shapes. When multiple anchoring units 
are disposed on a lead body, the anchoring units may either be 
all of similar size and shape, or one or more of the anchoring 
units may have different sizes or shapes from otheranchoring 
units disposed on the lead body. Furthermore, adjacent 
anchoring units disposed on the lead body may be evenly 
spaced, or irregularly spaced from one another. In at least 
Some embodiments, the shapes, sizes, or arrangements of 
anchoring units disposed on a lead body may be selected 
based, at least in part, on a specific indication or a specific 
anatomical location. 
0052. The anchoring units may be formed from any suit 
able biocompatible material including, for example, polyure 
thane, silicone rubber, polytetrafluoroethylene, polyethylene, 
nylon, metal, nitinol, and the like or combinations thereof. In 
at least Some embodiments, at least a portion of the anchoring 
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units are formed integrally with the lead body (e.g., by over 
molding a body of an anchoring unit to the lead body, reflow 
ing a body of an anchoring unit to the lead body, or the like). 
In at least some other embodiments, anchoring units may be 
coupled to the lead body at selected locations along a longi 
tudinal axis of the lead using any Suitable bonding process 
including, for example, chemical bonding, welding, interfer 
ence fit, and the like or combinations thereof. 
0053 FIG. 4A is a schematic perspective view of a first 
embodiment of an anchoring unit 402 for an electrical stimu 
lation system. The anchoring unit 402 includes a body 404 
and one or more anchoring members 406. The body 404 
includes a first end 408 and a second end 410 and is config 
ured and arranged to be disposed over at least a portion of an 
outer surface of the lead body (see e.g., FIGS. 13 and 14). In 
at least some embodiments, the first end 408 is positioned 
more distally than the second end 410 when the anchoring 
unit 402 is disposed on the lead body (106 in FIG. 1). The 
anchoring members 406 each include a proximal end 412, a 
distal end 414, and a longitudinal axis 415 defined by a first 
side 416 and a second side 418. 
0054. In some embodiments, the anchoring members form 
a spiral arrangement. In FIG. 4A, the first sides 416 of the 
anchoring members 406 are arcing leading edges and the 
second sides 418 are lagging edges, thereby forming an arc 
ing longitudinal axis 415. In at least some embodiments, the 
lagging second sides 418 are also arcing. In at least some 
embodiments, the first sides 416 of the anchoring members 
406 are similarly-arced to form a spiral pattern. In at least 
Some embodiments, the first sides 416 of the anchoring mem 
bers 406 are longer in length than the second sides 418 of the 
anchoring members 406. In at least Some embodiments, the 
first side 416 and the second side 418 of the anchoring mem 
bers 402 taper inward such that the proximal ends 412 are 
wider than the distal ends 414. 

0055. In at least some embodiments, the distal end 414 of 
at least one of the anchoring members 406 tapers to form a 
point. In a preferred embodiment, the point is rounded. It may 
be an advantage to employ one or more anchoring units 402 
with anchoring members 406 that taper to points because a 
medical practitioner may be able to rotate the lead to further 
engage the anchor members 406 within patient tissue during 
implantation, thereby increasing the anchoring ability of the 
lead. 

0056 FIG. 4B is a schematic bottom view, side view, and 
top view of the anchoring unit 402. In at least some embodi 
ments, the anchoring members 406 extend from the second 
end 410 of the body 404 along a common transverse axis of 
the body 404. In at least some embodiments, the anchoring 
members 406 are proximally biased. In other words, when the 
anchoring unit 402 is disposed on the lead body (106 in FIG. 
1) so that the first end 408 is more distal on the lead body (106 
in FIG. 1) than the second end 410, the anchoring members 
406 form an angle with the longitudinal axis of the body 404 
that is at least ninety degrees, as shown by angle 0420. 
0057. In some embodiments, the anchoring unit includes a 
single anchoring member that extends from the body in a 
helical arrangement. FIG. 5A is a schematic perspective view 
of a second embodiment of an anchoring unit 502. The 
anchoring unit 502 includes a body 504 and one anchoring 
member 506. The body 504 includes a first end 508 and a 
second end 510 and the anchoring member 506 includes a 
proximal end 512, a distal end 514, a longitudinal axis 515, a 
first side 516, and a second side 518. 
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0058. In at least some embodiments, the proximal end 512 
of the anchoring member 506 extends at least three-fourths of 
one complete revolution around a circumference of the body 
504. In at least some embodiments, the proximal end 512 of 
the anchoring member 506 extends at least one complete 
revolution around the circumference of the body 504. In at 
least some embodiments, the proximal end 512 of the anchor 
ing member 506 couples to the body 504 in a helical arrange 
ment along a longitudinal axis of the body 504 such that the 
first side 516 and the second side 518 of the anchoring mem 
ber 506 couple to the body 504 along different transverse 
points along the longitudinal axis of the body 504. In at least 
some embodiments, the pitch and the number of revolutions 
of the anchoring member 506 around a circumference of the 
body 504 may be tailored to the specific indication or the 
specific anatomical location of the implantation of the lead 
body (106 in FIG. 1) to which one or more of the anchoring 
units 502 may be coupled. 
0059. In at least some embodiments, the first side 516 and 
the second side 518 of the anchoring member 502 taper out 
ward such that the distal end 514 is wider than the proximal 
end 512. In at least some embodiments, the first side 516 and 
the second side 518 of the anchoring member 502 taper 
inward such that the proximal end 512 is wider than the distal 
end 514. In at least some embodiments, the proximal end 512 
and the distal end 514 are of approximately equal width. 
0060 FIG. 5B is a schematic bottom view, side view, and 
top view of the anchoring unit 502. In at least some embodi 
ments, the anchoring member 506 is proximally biased. In 
other words, when the anchoring unit 502 is disposed on the 
lead body (106 in FIG. 1) so that the first end 508 is more 
distal on the lead body (106 in FIG. 1) than the second end 
510, the anchoring member 506 forms an angle with the 
longitudinal axis of the body 504 that is at least ninety 
degrees, as shown by angle 0520. 
0061. In some embodiments, the body includes one or 
more tapered anchoring members. FIG. 6A is a schematic 
perspective view of a third embodiment of an anchoring unit 
602. The anchoring unit 602 includes a body 604 and at least 
one anchoring member 606. The body 604 includes a first end 
608 and a second end 610. The anchoring member 606 
includes a proximal end 612, a distal end 614, a longitudinal 
axis 615, a first side 616, and a second side 618. The body 604 
also defines one or more slits 620 along at least portion of the 
second end 610 of the body 604 between adjacent anchoring 
members 606. In at least some embodiments, the one or more 
slits 616 extend in a direction that is parallel to a longitudinal 
axis of the body 604. In at least some embodiments, the one or 
more slits 616 facilitate the anchoring members 606 lying flat 
(e.g., during insertion of the lead into a patient). 
0062. In at least some embodiments, the first side 616 and 
the second side 618 of the anchoring member 602 taper out 
ward such that the distal end 614 is wider than the proximal 
end 612. In at least some embodiments, the proximal ends 612 
of two or more anchoring members 606 extend from the body 
604 in a helical pattern along a longitudinal axis of the body 
604 such that the first side 616 and the second side 618 of each 
of two or more the anchoring units 602 extend from the body 
604 along different transverse axes of the body 604. In at least 
some embodiments, the pitch and the number of revolutions 
of the anchoring members 606 around a circumference of the 
body 604 may be tailored to the specific indication or the 
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specific anatomical location of the implantation of the lead 
body (106 in FIG. 1) to which one or more of the anchoring 
units 602 may be coupled. 
0063 FIG. 6B is a schematic bottom view, side view, and 
top view of the anchoring unit 602. In at least some embodi 
ments, the anchoring members 606 are proximally biased. In 
other words, when the anchoring unit 602 is disposed on the 
lead body (106 in FIG. 1) so that the first end 608 is more 
distal on the lead body (106 in FIG. 1) than the second end 
610, the anchoring members 606 form an angle with the 
longitudinal axis of the body 604 that is at least ninety 
degrees, as shown by angle 0 622. 
0064. In some embodiments, one or more connecting ele 
ments couple to adjacent anchoring members. FIG. 7A is a 
schematic perspective view of a fourth embodiment of an 
anchoring unit 702. The anchoring unit 702 includes a body 
704 and at least one anchoring member 706. The body 704 
includes a first end 708 and a second end 710. The anchoring 
unit 702 includes a body 704 and at least one anchoring 
member 706. The body 704 includes a first end 708 and a 
second end 710. The anchoring member 706 includes a proxi 
mal end 712, a distal end 714, a longitudinal axis 715, a first 
side 716, and a second side 718. 
0065. In at least some embodiments, the first side 716 and 
the second side 718 of the anchoring member 706 taper such 
that the proximal end 712 of the anchoring member 706 is 
wider than the distal end 714. In at least some embodiments, 
the distal end 714 of at least one of the anchoring members 
706 tapers to form a point. In a preferred embodiment, the 
point is rounded. 
0066. In at least some embodiments, two or more of the 
anchoring members 706 may be coupled to one another by a 
connecting element 720. For example, two adjacent anchor 
ing members 706 may be coupled to one another by one or 
more connecting elements 720. In at least some embodi 
ments, the distal end 714 of each anchoring member 706 is 
coupled to the distal end 714 of each adjacent anchoring 
member 706 by connecting elements 720. In at least some 
embodiments, a single connecting element 720 connects 
adjacent distal ends 714 to one another. In at least some 
embodiments, a plurality of connecting elements 720 connect 
adjacent distal ends 714 to one another. In at least some other 
embodiments, a single connecting element 720 connects each 
of the adjacent distal ends 714 together. In at least some 
embodiments, an open space 722 is formed between the con 
necting element 720 and adjacent anchoring members 706. 
0067. It will be understood that the one or more connect 
ing elements 720 may couple adjacent anchoring members 
706 at locations along the longitudinal axis of the anchoring 
members 706 other than the distal ends 714. For example, the 
connecting element may couple to a given anchoring member 
706 at a position between the proximal end 712 and a distal 
end 714 of the anchoring member 706. In at least some 
embodiments, the connecting members 720 are formed with 
the anchoring unit 702. In at least some other embodiments, 
the connecting members 720 are formed subsequently 
assembled. 
0068 Additionally, in at least some embodiments, the 
connecting elements 702 are configured and arranged to fold 
flat against the lead body (106 in FIG. 1). For example, in at 
least some embodiments, the connecting elements 720 are 
configured and arranged to fold into open spaces between the 
anchoring members 706 when the anchoring members 706 
are folded against the lead body (106 in FIG. 1). In at least 
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Some embodiments, at least one of the connecting elements 
702 includes at least one bend to facilitate folding flat. In at 
least some embodiments, at least one of the connecting ele 
ments 702 is articulated to facilitate folding flat. In at least 
Some embodiments, the connecting elements 720 increase the 
anchoring ability of the anchoring unit 702 by further facili 
tating tissue ingrowth. 
0069 FIG. 7B is a schematic bottom view, side view, and 
top view of the anchoring unit 702. In at least some embodi 
ments, the anchoring members 706 extend from the second 
end 710 of the body 704 along a common transverse axis of 
the body 704. In at least some embodiments, the anchoring 
members 706 are proximally biased. In other words, when the 
anchoring unit 702 is disposed on the lead body (106 in FIG. 
1) so that the first end 708 is more distal on the lead body (106 
in FIG. 1) than the second end 710, the anchoring members 
706 form an angle with the longitudinal axis of the body 704 
that is at least ninety degrees, as shown by angle 0 724. 
0070. In at least some embodiments, the connective ele 
ment may include a membrane coupling at least two adjacent 
anchoring members to one another. FIG. 8A is a schematic 
perspective view of a fifth embodiment of an anchoring unit 
802. The anchoring unit 802 includes a body 804 and at least 
one anchoring member 806. The body 804 includes a first end 
808 and a second end 810. The anchoring unit 802 includes a 
body 804 and at least one anchoring member 806. The body 
804 includes a first end 808 and a second end 810. The 
anchoring member 806 includes a proximal end 812, a distal 
end814, alongitudinal axis 815, a first side 816, and a second 
side 818. 
0071. In at least some embodiments, the first side 816 and 
the second side 818 of the anchoring member 806 taper such 
that the proximal end 812 of the anchoring member 806 is 
wider than the distal end 814. In at least some embodiments, 
the distal end 814 of at least one of the anchoring members 
806 tapers to form a point. In a preferred embodiment, the 
point is rounded. In at least Some embodiments, the first side 
816 and the second side 818 of the anchoring member 806 
taper such that the distal end 814 of the anchoring member 
806 is wider than the proximal end 812. In at least some 
embodiments, the first side 816 and the second side 818 of the 
anchoring member 806 are of approximately equal width. 
0072. In at least some embodiments, two or more of the 
anchoring members 806 may be coupled to one another by a 
connecting element 820. In some embodiments, the connect 
ing element 820 comprises a membrane, or sheath, that 
couples two or more of the anchoring members 806 to one 
another. In at least some embodiments, the connective ele 
ment 820 has a thickness that is substantially thinner than the 
anchoring members 806. In at least some embodiments, the 
connecting element 820 forms a complete revolution around 
the body 804. In at least some embodiments, the connective 
element 820 covers at least a portion of at least one of the 
anchoring members 806. In at least some embodiments, the 
connecting element 820 substantially entirely covers each of 
the anchoring members 806. In at least some embodiments, 
the connecting element 820 completely covers each of the 
anchoring members 806. In at least some embodiments, at 
least a portion of at least one of the anchoring members 806 
may need to deform onto itself while in a folded position (e.g., 
during insertion of the lead into a patient). 
0073 FIG. 8B is a schematic bottom view, side view, and 
top view of the anchoring unit 802. In at least some embodi 
ments, the anchoring members 806 extend from the second 
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end 810 of the body 804 along a common transverse axis of 
the body 804. In at least some embodiments, the anchoring 
members 806 are proximally biased. In other words, when the 
anchoring unit 802 is disposed on the lead body (106 in FIG. 
1) so that the first end 808 is more distal on the lead body (106 
in FIG. 1) than the second end 810, the anchoring members 
806 form an angle with the longitudinal axis of the body 804 
that is at least ninety degrees, as shown by angle 0 822. 
0074. In a sixth embodiment of the anchoring unit, also 
shown by FIGS. 8A and 8B, the anchoring unit 802 includes 
a single anchoring member 806 that extends around the entire 
circumference of the body 804. In some embodiments, the 
anchoring member 806 is a constant thickness. In at least 
Some other embodiments, the thickness of the anchoring 
member 806 may vary. In at least some embodiments, the 
anchoring member 806 may define one or more cutouts for 
promoting tissue ingrowth. 
0075. In some embodiments, the anchoring members 
include tapered anchoring members. FIG. 9A is a schematic 
perspective view of a seventh embodiment of an anchoring 
unit 902. The anchoring unit 902 includes a body 904 and at 
least one anchoring member 906. The body 904 includes a 
first end 908 and a second end 910. The anchoring unit 902 
includes a body 904 and at least one anchoring member 906. 
The body 904 includes a first end 908 and a second end 910. 
The anchoring member 906 includes a proximal end 912, a 
distal end 914, a longitudinal axis 915, a first side 916, and a 
second side 918. 

0076. In at least some embodiments, the first side 916 and 
the second side 918 of the anchoring members 906 taper 
outward such that the distal end 914 is wider than the proxi 
mal end 912. In at least some embodiments, the anchoring 
members 906 extend from the secondend 910 of the body 904 
along a common transverse axis of the body 904. In at least 
some embodiments, two anchoring members 906 are dis 
posed on opposing portions of the body 904 such that the two 
anchoring members 906 extend in opposite directions from 
the body 904. In at least some embodiments, the sum of the 
arc lengths of the distal ends 914 of the anchoring members 
906 are no greater than the circumference of the body 904. In 
at least some embodiments, the widest portions of the anchor 
ing members 906 have lengths that are at least as long as the 
diameter of the body 904. 
0077 FIG.9B is a schematic bottom view, side view, and 
top view of the anchoring unit 902. In at least some embodi 
ments, the anchoring members 906 are proximally biased. In 
other words, when the anchoring unit 902 is disposed on the 
lead body (106 in FIG. 1) so that the first end 908 is more 
distal on the lead body (106 in FIG. 1) than the second end 
910, the anchoring members 906 form an angle with the 
longitudinal axis of the body 904 that is at least ninety 
degrees, as shown by angle 0920. 
0078. In some embodiments, the anchoring members 
include a secondary connecting member, Such as a leaf 
spring, coupling the anchoring member to the body of the 
anchoring unit. FIG. 10A is a schematic perspective view of 
an eighth embodiment of an anchoring unit 1002. The anchor 
ing unit 1002 includes a body 1004 and at least one anchoring 
member 1006. The body 1004 includes a first end 1008 and a 
second end 1010. The anchoring unit 1002 includes a body 
1004 and at least one anchoring member 1006. The body 
1004 includes a first end 1008 and a second end 1010. The 
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anchoring member 1006 includes a proximal end 1012, a 
distal end 1014, alongitudinal axis 1015, a first side 1016, and 
a second side 1018. 

0079. In at least some embodiments, the first side 1016 and 
the second side 1018 of the anchoring member 1006 taper 
such that the proximal end 1012 of the anchoring member 
1006 is wider than the distal end 1014. In at least some 
embodiments, the distal end 1014 of at least one of the 
anchoring members 1006 tapers to form a point. In a preferred 
embodiment, the point is rounded. In at least some embodi 
ments, the first side 1016 and the second side 1018 of the 
anchoring member 1006 taper such that the distal end 1014 of 
the anchoring member 1006 is wider than the proximal end 
1012. In at least some embodiments, the first side 1016 and 
the second side 1018 of the anchoring member 1006 are of 
approximately equal width. 
0080. In at least some embodiments, the anchoring unit 
1002 further includes at least one secondary connecting 
member 1020 coupling the body 1004 to the distal end 1014 
of one of the anchoring members 1006. In at least some 
embodiments, the at least one secondary connecting member 
1020 is a leaf spring. In at least some embodiments, the 
secondary connecting member 1020 forms a solid surface 
between the body 1004 and the anchoring member 1006. In at 
least Some other embodiments, the secondary connecting 
member 1020 forms at least one cutout 1022 between the 
body 1004, anchoring member 1006, and the secondary con 
necting member 1020. It may be a particular advantage of the 
anchoring unit 1002 that tissue ingrowth may occur in the 
cutouts 1022 to at least partially fill the cutouts 1022 with 
tissue to further increase the anchoring ability of the anchor 
ing unit 1002. 
0081. In at least some embodiments, when the anchoring 
members 1006 are folded against the lead body (e.g., during 
insertion of the lead), the secondary connecting member 1020 
stretches, thereby storing potential energy. The stored poten 
tial energy may facilitate anchoring of the anchoring member 
1006 within patient tissue when the anchoring unit 1002 is 
released from the insertion needle and the stored potential 
energy is released. 
0082 FIG. 10B is a schematic bottom view, side view, and 
top view of the anchoring unit 1002. In at least some embodi 
ments, the anchoring members 1006 extend from the second 
end 1010 of the body 1004 along a common transverse axis of 
the body 1004. In at least some embodiments, the anchoring 
members 1006 are proximally biased. In other words, when 
the anchoring unit 1002 is disposed on the lead body (106 in 
FIG. 1) so that the first end 1008 is more distal on the lead 
body (106 in FIG. 1) than the second end 1010, the anchoring 
members 1006 forman angle with the longitudinal axis of the 
body 1004 that is at least ninety degrees, as shown by angle 0 
1024. 

0083. In some embodiments, the one or more anchoring 
members are distally biased. FIG. 11A is a schematic per 
spective view of a ninth embodiment of an anchoring unit 
1102. The anchoring unit 1102 includes a body 1104 and at 
least one anchoring member 1106. The body 1104 includes a 
first end 1108 and a second end 1110. The anchoring unit 
1102 includes abody 1104 and at least one anchoring member 
1106. The body 1104 includes a first end 1108 and a second 
end 1110. The anchoring member 1106 includes a proximal 
end 1112, a distal end 1114, a longitudinal axis 1115, a first 
side 1116, and a second side 1118. 
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0084. In at least some embodiments, the first side 1116 and 
the second side 1118 of the anchoring member 1106 taper 
such that the proximal end 1112 of the anchoring member 
1106 is wider than the distal end 1114. In at least some 
embodiments, the distal end 1114 of at least one of the 
anchoring members 1106 tapers to form arounded point. In at 
least some embodiments, the first side 1116 and the second 
side 1118 of the anchoring member 1106 taper such that the 
distal end 1114 of the anchoring member 1106 is wider than 
the proximal end 1112. In at least some embodiments, the first 
side 1116 and the second side 1118 of the anchoring member 
1106 are of approximately equal width. 
I0085. In at least some embodiments, when the anchoring 
unit 1102 is separated from an insertion needle during inser 
tion of the lead, the anchoring members 1106 are configured 
and arranged to extend within patient tissue. In some 
instances, the anchoring members 1106 are able to extend to 
distally-biased positions and in other instances they are not, 
depending on, for example, the amount of open space around 
the anchoring unit 1102 and the hardness of the surrounding 
tissue. For example, anchoring members 1106 may not be 
able to extend to distally-biased positions when positioned in 
a narrow space between hard tissues, such as bones or carti 
lage. When the anchoring members 1106 do extend to dis 
tally-biased positions, the anchoring members 1106 may 
resist withdrawal of the lead to which the anchoring unit 1102 
is coupled. When patient tissue prevents the anchoring mem 
bers 1106 from extending to distally-biased positions, the 
anchoring members 1106 fix the anchoring unit 1102 in posi 
tion by the force of the anchoring members 1106 pressing 
against tissue in a manner similar to the proximally-biased 
anchoring members, discussed above. It may be an advantage 
of distally-biased anchoring members 1106 that, should an 
explant be necessary for the lead to which the anchoring unit 
1102 is coupled, distally-biased anchoring members may be 
easier to remove from patient tissue than similarly-sized 
proximally-biased anchoring members. 
0.086 FIG. 11B is a schematic bottom view, side view, and 
top view of the anchoring unit 1102. In at least some embodi 
ments, the anchoring members 1106 extend from the second 
end 1110 of the body 1104 along a common transverse axis of 
the body 1104. In at least some embodiments, the anchoring 
members 1106 are distally biased. In other words, when the 
anchoring unit 1102 is disposed on the lead body (106 in FIG. 
1) so that the first end 1108 is more distal on the lead body 
(106 in FIG. 1) than the second end 1110, the anchoring 
members 1106 forman angle with the longitudinal axis of the 
body 1104 that is no more than ninety degrees, as shown by 
angle 0 1120. 
I0087. In some embodiments, the one or more anchoring 
members are capable of curling Such that a portion of at least 
one of the anchoring members is distally biased and a portion 
of the same anchoring member is proximally biased. FIG. 
12A is a schematic perspective view of a tenth embodiment of 
an anchoring unit 1202. The anchoring unit 1202 includes a 
body 1204 and at least one anchoring member 1206. The 
body 1204 includes a first end 1208 and a second end 1210. 
The anchoring unit 1202 includes abody 1204 and at least one 
anchoring member 1206. The body 1204 includes a first end 
1208 and a second end 1210. The anchoring member 1206 
includes a proximal end 1212, a distal end 1214, a curled 
longitudinal axis 1215, a first side 1216, and a second side 
1218. In at least some embodiments, the anchoring members 
1206 have an arc-shaped transverse profile. 
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0088. In at least some embodiments, the first side 1216 and 
the second side 1218 of the anchoring member 1206 taper 
such that the proximal end 1212 of the anchoring member 
1206 is wider than the distal end 1214. In at least some 
embodiments, the distal end 1214 of at least one of the 
anchoring members 1206 tapers to form arounded point. In at 
least some embodiments, the first side 1216 and the second 
side 1218 of the anchoring member 1206 taper such that the 
distal end 1214 of the anchoring member 1206 is wider than 
the proximal end 1212. In at least some embodiments, the first 
side 1216 and the second side 1218 of the anchoring member 
1206 are of approximately equal width. 
0089. In at least some embodiments, the anchoring mem 
bers 1206 are configured and arranged to lie flat during inser 
tion of the lead and curl upon separation from an insertion 
needle. In at least Some embodiments, the anchoring mem 
bers 1206 have an arc-shaped transverse profile that facili 
tates the anchoring members 1206 lying flat against the lead. 
In at least some embodiments, when the anchoring unit 1202 
is separated from an insertion needle during insertion of the 
lead, the anchoring members 1206 are configured and 
arranged to curl up Such that the anchoring members 1206 
extend within patient tissue. The anchoring members may 
include a metal. Such as nitinol, or a polymer that is config 
ured and arranged to curl when unconstrained. In some 
instances, the anchoring members 1206 are able to extend to 
distally-biased positions and in other instances they are not, 
depending on, for example, the amount of open space around 
the anchoring unit 1202 and the hardness of the surrounding 
tissue. For example, anchoring members 1206 may not be 
able to extend to distally-biased positions when positioned in 
a narrow space between hard tissues, such as bones or carti 
lage. When the anchoring members 1206 do extend to dis 
tally-biased positions, the anchoring members 1206 may 
resist withdrawal of the lead to which the anchoring unit 1202 
is coupled. When patient tissue prevents the anchoring mem 
bers 1206 from extending to distally-biased positions, the 
anchoring members 1206 fix the anchoring unit 1202 in posi 
tion by the force of the anchoring members 1206 pressing 
against tissue in a manner similar to the proximally-biased 
anchoring members, discussed above. 
0090 FIG.12B is a schematic bottom view, side view, and 
top view of the anchoring unit 1202. In at least some embodi 
ments, the anchoring members 1206 extend from the second 
end 1210 of the body 1204 along a common transverse axis of 
the body 1104. In at least some embodiments, at least one of 
the anchoring members 1206 is configured and arranged to 
curl up Such that a portion of that anchoring member is proxi 
mally biased and a portion of that anchoring member is dis 
tally biased. 
0091. In some embodiments, the one or more anchoring 
members extend from the body at the second end of the body, 
which, as discussed above, is the end of the body that is 
positioned more proximally than the first end when the 
anchoring unit is disposed on the lead body (106 in FIG.1). In 
Some embodiments, the one or more anchoring members are 
articulated. FIG. 13A is a schematic perspective view of an 
eleventh embodiment of an anchoring unit 1302. The anchor 
ing unit 1302 includes a body 1304 and at least one anchoring 
member 1306. The body 1304 includes a first end 1308 and a 
second end 1310. The anchoring unit 1302 includes a body 
1304 and at least one anchoring member 1306. The body 
1304 includes a first end 1308 and a second end 1310. The 
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anchoring member 1306 includes a proximal end 1312, a 
distal end 1314, alongitudinal axis 1315, a first side 1316, and 
a second side 1318. 

0092. At least one of the anchoring members 1306 
includes at least one articulation 1320 dividing the anchoring 
member 1306 into a plurality of sections. In at least one 
embodiment, the articulation 1320 divides the anchoring 
member 1306 into a proximal section 1322 and a distal sec 
tion 1324. In at least some embodiments, the proximal section 
1322 includes at least one cutout 1326. It may be a particular 
advantage of the anchoring unit 1302 that tissue may at least 
partially fill the cutouts 1326 defined in the proximal section 
1322 of the anchoring member 1306 to further increase the 
anchoring ability of the anchoring unit 1302. In at least some 
embodiments, the distal sections 1324 of the anchoring mem 
bers 1306 are configured and arranged to fold into the cutouts 
1326 defined in the proximal sections 1322 of the anchoring 
members 1306 (e.g., during insertion of the lead). 
0093. In at least some embodiments, the proximal section 
1322 of at least one of the anchoring members 1306 is wider 
than the distal section 1324 of the anchoring member 1306. In 
at least some embodiments, the distal end 1314 of at least one 
of the anchoring members 1306 tapers to form a point. In a 
preferred embodiment, the point is rounded. In at least some 
embodiments, the proximal section 1314 of at least one of the 
anchoring members 1306 is narrower than the distal section 
1316 of the anchoring member 1306. In at least some embodi 
ments, the proximal section 1314 of at least one of the anchor 
ing members 1306 is of approximately equal width to the 
distal section 1316 of the anchoring member 1306. 
0094 FIG. 13B is a schematic bottom view, side view, and 
top view of the anchoring unit 1302. In at least some embodi 
ments, the proximal sections 1322 of the anchoring members 
1306 are proximally biased and the distal sections 1324 of the 
anchoring members 1306 are distally biased. In other words, 
when the anchoring unit 1302 is disposed on the lead body 
(106 in FIG. 1) so that the first end 1308 is more distal on the 
lead body (106 in FIG. 1) than the second end 1310, the 
proximal sections 1314 of the anchoring members 1306 form 
an angle with the longitudinal axis of the body 1304 that are 
greater than ninety degrees, as shown by angle 0 1328 and 
the distal sections 1324 of the anchoring members 1306 form 
an angle with the longitudinal axis of the body 1304 that are 
no greater than ninety degrees, as shown by angle 0 1330. 
0.095 Unless indicated otherwise, the following character 
istics of the anchoring units, or its components, or the corre 
sponding lead apply equally to each of the embodiments 
shown in FIG. 4C-13B. In at least some embodiments, the 
body is substantially tubular-shaped with a diameter and a 
longitudinal axis that is perpendicular to a transverse axis of 
the body. In at least some embodiments, the diameter of the 
body of the anchoring unit is approximately equal to the 
diameter of the lead body (106 in FIG. 1). In at least some 
embodiments, the longitudinal axis of at least one of the 
anchoring member is at least half the length of the diameter of 
the body. In at least some embodiments, the longitudinal axis 
of at least one of the anchoring members is no less than the 
length of the diameter of the body. In at least some embodi 
ments, the body is cuff-shaped. In at least some embodiments, 
the anchoring members extend from the second end of the 
body (except for anchoring member 1306). In at least some 
embodiments, the anchoring members are proximally biased 
(except for anchoring members 1106, 1206, and 1306). 
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0096. In at least some embodiments, the longitudinal axis 
of the anchoring members extend to a distal end. In some 
embodiments, the anchoring members may have a distal end 
that is of approximately equal width as the proximal end 
(except for anchoring members 406, 606, 806, 906, and 
1306). In at least some embodiments, the distal end may be 
narrower than the proximal end (except for anchoring mem 
bers 606, 806, and 906). In at least some embodiments, the 
distal end may be wider than the proximal end (except for 
anchoring members 406,806, and 1306). 
0097. In at least some embodiments, at least one of the 
anchoring members is formed integrally with the body. In at 
least some embodiments, at least one of the anchoring units is 
formed separately from the body and is coupleable to the 
body. In at least some embodiments, the anchoring members 
may include one or more features (e.g., barbs, ridges, fissures, 
knobs, grooves, and the like) coupled to, or formed with, the 
anchoring members for facilitating the anchoring ability of 
the anchoring unit when the anchoring unit is implanted in a 
patient. 
0098. Any suitable number of anchoring members may be 
coupled to, or formed with, the body including, for example, 
one, two, three, four, five, six, seven, eight, nine, ten or more 
anchoring members. As will be recognized, other numbers of 
anchoring members may also be coupled to, or formed with, 
the body. 
0099. In at least some embodiments, the anchoring unit 
may induce the formation of tissue ingrowth around at least a 
portion of the anchoring unit within the usable lifespan of the 
anchoring unit. In at least Some embodiments, the usable 
lifespan may vary depending on the indication and location of 
the lead to which the anchoring unit is coupled while 
implanted in a patient. It may be an advantage to have tissue 
ingrowth around at least a portion of the anchoring unit 
because the tissue ingrowth may further increase the anchor 
ing ability of the anchoring unit when the anchoring unit is 
implanted in a patient. In the embodiments shown in FIGS. 
6A-7B and 10A-10B, additional tissue ingrowth may occur 
between open spaces between components of the anchoring 
unit (e.g., slits 620, open space 722, and cutout 1022). 
0100. In at least some embodiments, the anchoring mem 
bers are flexible. In at least some embodiments, when the 
anchoring unit is coupled to a lead body (106 in FIG. 1), the 
anchoring members are configured and arranged to fold flat 
against the lead body (106 in FIG. 1) during insertion of the 
lead. For example, when, in at least some embodiments, a 
lead is inserted into a conventionally-sized insertion needle 
during implantation of the lead, the anchoring members fold 
against the lead body (106 in FIG. 1) without interfering with 
one another so that the lead is able to fit into a cannula of the 
conventionally-sized insertion needle. In at least some 
embodiments, at least one of the anchoring members is con 
toured to facilitate the folding of the anchoring members. In 
the embodiments shown in FIGS. 8A-8B, at least a portion of 
at least one of the anchoring members 806 may need to 
deform onto itself while in a folded position. 
0101. In at least some embodiments, one or more anchor 
ing units may be disposed on the lead body (106 of FIG. 1). In 
at least some embodiments, multiple anchoring units may be 
employed which have similarly-shaped anchoring members. 
FIG. 14 is a schematic perspective view of one embodiment 
of four anchoring units 1402 disposed on a portion of a lead 
body 1404. In at least some embodiments, the anchoring units 
1402 are evenly-spaced from one another. In at least some 
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embodiments, at least some of the anchoring units 1402 are 
irregularly spaced from one another. In at least Some embodi 
ments, at least one of the anchoring units 1402 may be of a 
different size from the remaining anchoring units 1402. In at 
least some embodiments, the anchoring members of different 
anchoring units are aligned with respect to one another along 
the longitudinal axis of the lead body. In at least some other 
embodiments, the anchoring members of different anchoring 
units are staggered, unaligned, or randomly positioned with 
respect to other anchoring members along the lead body. 
0102. In at least some embodiments, multiple anchoring 
units may be disposed on a portion of the lead body, at least 
some of which have differently-shaped anchoring members. 
FIG. 15 is a schematic side view of one embodiment of nine 
different anchoring units 402,502, 602, 702, 802,902, 1002, 
1102, and 1302 disposed on a portion of the lead body 1502. 
In at least some embodiments, the anchoring units 402, 502, 
602, 702, 802,902, 1002, 1102, and 1302 are evenly-spaced 
from one another. In at least some embodiments, at least some 
of the anchoring units 402, 502, 602, 702, 802, 902, 1002, 
1102, and 1302 are irregularly spaced from one another. In at 
least Some embodiments, at least one of the anchoring units 
402,502, 602, 702,802,902, 1002, 1102, and 1302 may be of 
a different size from the remaining anchoring units 402, 502, 
602, 702, 802, 902, 1002, 1102, and 1302. 
(0103 FIG.16 is a schematic overview of one embodiment 
of components of an electrical stimulation system 1600 
including an electronic subassembly 1610 disposed within a 
control module. It will be understood that the electrical stimu 
lation system can include more, fewer, or different compo 
nents and can have a variety of different configurations 
including those configurations disclosed in the stimulator 
references cited herein. 
0104 Some of the components (for example, power 
source 1612, antenna 1618, receiver 1602, and processor 
1604) 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 1612 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 pow 
ered energy sources, bioenergy power sources, fuel cells, 
bioelectric cells, osmotic pressure pumps, and the like includ 
ing the power sources described in U.S. Patent Application 
Publication No. 2004/0059392, incorporated herein by refer 
CCC. 

0105. As another alternative, power can be supplied by an 
external power source through inductive coupling via the 
optional antenna 1618 or a secondary antenna. The external 
power source can be in a device that is mounted on the skin of 
the user or in a unit that is provided near the user on a 
permanent or periodic basis. 
0106 If the power source 1612 is a rechargeable battery, 
the battery may be recharged using the optional antenna1618, 
if desired. Power can be provided to the battery for recharging 
by inductively coupling the battery through the antenna to a 
recharging unit 1616 external to the user. Examples of such 
arrangements can be found in the references identified above. 
0107. 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. A processor 1604 is generally 



US 2010/0256696 A1 

included to control the timing and electrical characteristics of 
the electrical stimulation system. For example, the processor 
1604 can, if desired, control one or more of the timing, fre 
quency, strength, duration, and waveform of the pulses. In 
addition, the processor 1604 can select which electrodes can 
be used to provide stimulation, if desired. In some embodi 
ments, the processor 1604 may select which electrode(s) are 
cathodes and which electrode(s) are anodes. In some embodi 
ments, the processor 1604 may be used to identify which 
electrodes provide the most useful stimulation of the desired 
tissue. 
0108. 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 1608 that, for example, allows modification of pulse 
characteristics. In the illustrated embodiment, the processor 
1604 is coupled to a receiver 1602 which, in turn, is coupled 
to the optional antenna 1618. This allows the processor 1604 
to receive instructions from an external source to, for 
example, direct the pulse characteristics and the selection of 
electrodes, if desired. 
0109. In one embodiment, the antenna 1618 is capable of 
receiving signals (e.g., RF signals) from an external telemetry 
unit 1606 which is programmed by a programming unit 1608. 
The programming unit 1608 can be external to, or part of the 
telemetry unit 1606. The telemetry unit 1606 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 telem 
etry unit 1606 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 1608 can be any unit that can provide 
information to the telemetry unit 1606 for transmission to the 
electrical stimulation system 1600. The programming unit 
1608 can be part of the telemetry unit 1606 or can provide 
signals or information to the telemetry unit 1606 via a wire 
less or wired connection. One example of a suitable program 
ming unit is a computer operated by the user or clinician to 
send signals to the telemetry unit 1606. 
0110. The signals sent to the processor 1604 via the 
antenna 1618 and receiver 1602 can be used to modify or 
otherwise direct the operation of the electrical stimulation 
system. For example, the signals may be used to modify the 
pulses of the electrical stimulation system such as modifying 
one or more of pulse duration, pulse frequency, pulse wave 
form, and pulse strength. The signals may also direct the 
electrical stimulation system 1600 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 an antenna 1618 or receiver 1602 and the proces 
Sor 1604 operates as programmed. 
0111 Optionally, the electrical stimulation system 1600 
may include a transmitter (not shown) coupled to the proces 
sor 1604 and the antenna1618 for transmitting signals back to 
the telemetry unit 1606 or another unit capable of receiving 
the signals. For example, the electrical stimulation system 
1600 may transmit signals indicating whether the electrical 
stimulation system 1600 is operating properly or not or indi 
cating when the battery needs to be charged or the level of 
charge remaining in the battery. The processor 1604 may also 
be capable of transmitting information about the pulse char 
acteristics So that a user or clinician can determine or verify 
the characteristics. 
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0112 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. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 

1. An anchoring unit for an implantable lead, the anchoring 
unit comprising: 

a body configured and arranged for positioning along a 
portion of an outer Surface of a lead, the body having a 
first end and a second end and alongitudinal axis extend 
ing therebetween, the first end being configured and 
arranged for placement on the lead so that the first end is 
positioned more distally on the lead than the second end; 
and 

a plurality of anchoring members, each anchoring member 
having a proximal end and a distal end, the proximal end 
of each anchoring member extending from the body and 
the distal end of each anchoring member configured and 
arranged for anchoring the anchoring unit to tissue of a 
patient upon implantation of the anchoring unit into the 
patient; and 

at least one connecting element coupling together at least 
two of the anchoring members. 

2. The anchoring unit of claim 1, wherein the at least one 
connecting element comprises a sheath that at least partially 
covers at least one of the plurality of anchoring members. 

3. The anchoring unit of claim 2, wherein the sheath com 
pletely covers at least one of the plurality of anchoring mem 
bers. 

4. The anchoring unit of claim 1, wherein the at least one 
connecting element comprises at least one bend or articula 
tion. 

5. The anchoring unit of claim 1, wherein at least one of the 
plurality of anchoring members is configured and arranged to 
fold flat against the outer surface of the lead when the body is 
coupled to the lead and the lead is inserted in a cannula of an 
insertion needle. 

6. The anchoring unit of claim 1, wherein at least one of the 
plurality of anchor mg members extends from the second end 
of the body. 

7. The anchoring unit of claim 1, wherein at least one of the 
plurality of anchoring members extends from the second end 
of the body such that the at least one anchoring member forms 
an angle with the longitudinal axis of the body that is at least 
ninety degrees. 

8. The anchoring unit of claim 1, wherein at least one of the 
plurality of anchoring members extends from the first end of 
the body. 

9. The anchoring unit of claim 1, wherein the distal end and 
the proximal end of at least one of the plurality of anchoring 
members have equal widths. 

10. The anchoring unit of claim 1, wherein at least one of 
the plurality of anchoring members tapers such that the distal 
end of the at least one of the plurality of anchoring members 
has a width that is less thana width of the proximal end of the 
at least one of plurality of anchoring members. 

11. The anchoring unit of claim 1, wherein the at least one 
connecting element couples together the distal ends of the at 
least two anchoring members. 
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12. The anchoring unit of claim 1, wherein the at least one 
connecting element couples together at least two adjacent 
anchoring members. 

13. The anchoring unit of claim 1, wherein at least one of 
the plurality of connecting elements has a thickness that is 
substantially less than at least one of the plurality of anchor 
ing members. 

14. The anchoring unit of claim 1, wherein tissue ingrowth 
forms over at least a portion of the anchoring unit during the 
useful lifespan of the anchoring unit. 

15. A lead assembly comprising: 
a lead having a distal end and a proximal end, the lead 

comprising 
a plurality of electrodes disposed on the distal end of the 

lead, 
a plurality of terminals disposed on the proximal end of 

the lead, 
a plurality of conductors, each conductor electrically 

coupling at least one of the electrodes to at least one of 
the terminals; and 

the anchoring unit of claim 1: 
16. An electrical stimulating system comprising: 
the lead assembly of claim 15: 
a control module configured and arranged to electrically 

couple to the proximal end of the lead of the lead assem 
bly, the control module comprising 
a housing, and 
an electronic Subassembly disposed in the housing; and 
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a connector for receiving the lead of the lead assembly, the 
connector comprising 
a connector housing defining a port at the distal end of 

the connector, the port configured and arranged for 
receiving the proximal end of the lead of the lead 
assembly, and 

a plurality of connector contacts disposed in the connec 
tor housing, the connector contacts configured and 
arranged to couple to at least one of the plurality of 
terminals disposed on the proximal end of the lead of 
the lead assembly. 

17. The electrical stimulating system of claim 16, wherein 
the connector is disposed on the control module. 

18. The electrical stimulating system of claim 16, wherein 
the connector is disposed on a distal end of a lead extension. 

19. The electrical stimulating system of claim 18, wherein 
the lead extension has a proximal end that couples with a 
second connector disposed on the control module. 

20. A method of stimulating patient tissue comprising: 
providing the lead assembly of claim 15: 
inserting the lead assembly into a patient Such that the 

electrodes of the lead assembly are in proximity to the 
patient tissue to be stimulated; 

coupling the lead assembly to a control module; 
generating electrical signals using the control module; and 
propagating the generated electrical signals to the elec 

trodes of the lead assembly. 
c c c c c 


