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(57) Abrégée/Abstract:
An apparatus Includes a percutaneous connection port configured to convey an electrical signal between an electrical device
disposed outside of a body and an electrical member disposed within the body. The percutaneous connection port has a distal
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(57) Abrege(suite)/Abstract(continued):
portion and a proximal portion. The proximal portion includes a surface configured to be accessible from a region of the body. The

distal portion Includes an anchor configured to be disposed within the body. The anchor has a curved shape about an axis
substantially parallel to a skin of the body.
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SYSTEM AND METHOD FOR PERCUTANEOUS DELIVERY OF ELECTRICAL
STIMULATION TO A TARGET BODY TISSUE

Cross-Reference to Related Applications

[1001] This application claims priority to U.S. Provisional Application Serial No.
60/828,376, entitled “System and Method for Percutancous Delivery of Electrical Stimulation
to a Target Body Tissue,” filed October 5, 2006, which 1s incorporated herein by reference n
its entirety. This application also claims priority to and 1s a continuation of U.S.
Nonprovisional Application Serial No. 11/867,454, filed October 4, 2007, entitled “System
and Method for Percutancous Delivery of Electrical Stimulation to a Target Body Tissue,”

which 1s incorporated herein by reference in its entirety.

Background

[1002] The mvention relates generally to medical devices and procedures, and more
particularly to systems and methods using a percutancous connecting port to convey an
clectrical current between an electrical member disposed outside of a body and an electrical

member disposed within the body.

[1003] Systems for conveying clectrical current between an electrical member disposed
outside of a body and targeted bodily tissue and/or an electrical member disposed within the
body can be used 1n a variety of medical and/or therapeutic procedures. For example, some
known procedures, such as transcutancous clectrical nerve stimulation (TENS), can include
transmitting an e¢lectrical current to a targeted bodily tissue (e.g., a nerve, a muscle, or the
like). Other known procedures can include transmitting an electrical current from a device
(c.g., a sensor) implanted within the body to a device (¢.g., a signal processor) disposed
outside of the body. Other known procedures can include sensing and processing a biological
clectrical signal (¢.g., an EMG signal) from within the body and transmitting the signal to an

clectrical device disposed outside of the body.

[1004] Some known systems for conveying clectrical current between an electrical
member disposed outside of a body and a targeted bodily tissue include one or more surface
clectrodes disposed on the skin of the body. Because the surface electrodes in such known
systems do not penectrate the epidermus, the electrical current delivered by such known

systems can be attenuated due to the electrical impedance of the skin. Accordingly, such
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known systems can require a high voltage and/or high current electrical source to deliver a
therapeutically useful magnitude of clectrical current to the targeted bodily tissue.
Additionally, the electrical current passing through the skin can activate cutancous receptors,

resulting 1n patient discomfort (¢.g., unpleasant sensations).

[1005] Some known systems for conveying clectrical current between an electrical
member disposed outside of a body and a targeted bodily tissue include an electrical
connector having a portion disposed beneath the epidermis. Such known celectrical
connectors, however, can be difficult to implant and can casily become dislodged after
implantation. Moreover, the pathway defined within the body for the implantation of such

known electrical connectors can be a source for intection and/or discomfort.

[1006] Thus, a need exists for improved systems and methods for conveying an electrical
current between an electrical member disposed outside of a body and a targeted bodily tissue

and/or an ¢lectrical member disposed within the body.

Summary

[1007] Systems and methods for conveying an electrical signal between an electrical
member disposed outside of a body and targeted bodily tissue are described herein. In some
embodiments, an apparatus includes a percutancous connection port configured to convey an
clectrical signal between an electrical device disposed outside of a body and an electrical
member disposed within the body. The percutancous connection port has a distal portion and
a proximal portion. The proximal portion includes a surface configured to be accessible from
a region outside of the body. The distal portion includes an anchor configured to be disposed

within the body. The anchor has a curved shape about an axis substantially parallel to the

skin of the body.

Brief Description of the Drawings

[1008] FIG. 1 1s a schematic illustration of a stimulation system according to an

embodiment of the invention disposed within a body.

[1009] FIG. 2 1s a flow chart of a method of 1nserting the stimulation system shown 1n

FIG. 1 1nto the body.
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[1010] FIG. 3 1s a schematic illustration showing a method of inserting the stimulation

system shown 1n FIG. 1 into the body.

[1011] FIG. 4A 1s a schematic 1llustration showing a method of inserting the stimulation

system shown 1n FIG. 1 into the body.

[1012] FIGS. 4B — 4D arc schematic illustrations showing a method of inserting the

stimulation system shown in FIG. 1 into the body.

[1013] FIG. 5 1s a schematic illustration of a stimulation system according to an

embodiment of the invention disposed within a body.

[1014] FIG. 6 1s a schematic illustration of a stimulation system according to an

embodiment of the invention disposed within a body.

[1015] FIG. 7 1s a schematic illustration of a stimulation system according to an

embodiment of the invention disposed within a body.

[1016] FIG. 8 1s a schematic 1llustration of a stimulation system according to an

embodiment of the invention disposed within a body.

[1017] FIG. 9 1s a schematic 1llustration of a stimulation system according to an

embodiment of the invention disposed within a body.

[1018] FIG. 10 1s a front view of a medical device according to an embodiment of the

invention disposed within a body.

[1019] FIG. 11 1s a front view of a medical device according to an embodiment of the

invention disposed within a body.

[1020] FIG. 12 1s a front view of a medical device according to an embodiment of the

invention disposed within a body.

[1021] FIG. 13 1s a front view of a medical device according to an embodiment of the

invention disposed within a body.

[1022] FIG. 14 1s a schematic illustration of a portion of a stimulation system according

to an embodiment of the invention disposed within a body.
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[1023] FIG. 15 1s a schematic illustration of a portion of a stimulation system according

to an embodiment of the invention disposed within a body.

[1024] FIG. 16 1s a front view of a medical device according to an embodiment of the

invention disposed within a body.

Detailed Description

[1025] In some embodiments, an apparatus includes a percutancous connection port
configured to convey an electrical signal between an electrical device disposed outside of a
body and an clectrical member disposed within the body and/or a bodily tissue. The
clectrical device disposed outside of the body can be, for example, a stimulator, a signal-
processor, or the like. The electrical member disposed within the body can be, for example,
an implanted device, a passive electrical conductor, or the like. The percutancous connection
port has a distal portion and a proximal portion. The proximal portion includes a surface
configured to be accessible from a region outside of the body. In some embodiments, for
example, the surface of the proximal portion can be flush with or above an outer surface of
the body. The distal portion includes an anchor configured to be disposed within the body.

The anchor has a curved shape about an axis substantially parallel to a skin of the body.

[1026] In some embodiments, a system includes an electrical device configured to be
disposed outside of a body, an electrical member configured to be disposed entirely within
the body, and a connection port. The electrical device, which can be, for example, a
stimulator, a signal processor or the like, 1s configured to at least produce or receive an
clectrical signal (e.g., a current, a voltage or the like). The electrical member, which can be,
for example, a passive electrical conductor, has a proximal end portion and a distal end
portion. The connection port 18 configured to convey the electrical signal between the
clectrical device and the clectrical member. The connection port 1s configured to be
percutancously inserted into the body such that a proximal portion of the connection port 1s
disposed outside of the body and a distal portion of the connection port 1s disposed within the
body. The proximal portion of the connection port 1s configured to be operatively coupled to
the electrical device. The distal portion of the connection port 1s configured to be operatively

coupled to and spaced apart from the electrical member.
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[1027] In some embodiments, a method includes inserting an electrical member along a
first path within a body such that a distal end portion of the electrical member 1s disposed at a
target location within the body and a proximal end portion of the electrical member 1s
disposed beneath a skin of the body. A connection port 1s 1nserted along a second path within
the body such that a proximal portion of the connection port 1s accessible from a region
outside of the body. In some embodiments, the connection port 1s 1nserted such that a distal
portion of the connection port 1s spaced apart from and operatively coupled to the proximal
end portion of the electrical member. In some embodiments, the second path can be different

from the first path.

[1028] In some embodiments, a method includes operatively coupling an electrical device
disposed outside of a body to a first connection port from a plurality of connection ports and
a second connection port from the plurality of connection ports to define a first stimulation
path within the body between the first connection port and the second connection port. A
first electrical signal 1s conveyed from the electrical device into the body via at least one of
the first connection port or the second connection port such that a portion of the first
clectrical signal travels within the body along the first stimulation path. The electrical device
1s operatively coupled to a third connection port from the plurality of connection ports to
define a second stimulation path within the body, the second stimulation path being different
than the first stimulation path. A second electrical signal 1s conveyed from the electrical
device mnto the body via at least one of the first connection port, the second connection port or
the third connection port such that a portion of the second electrical signal travels within the

body along the second stimulation path.

[1029] In some embodiments, a method includes mserting a connection port within a
body such that a distal portion of the connection port 1s disposed subcutancously within the
body and 1s spaced apart from a first electrical device disposed within the body, and a
proximal portion of the connection port 1s accessible from a region outside of the body. An
clectrical signal 1s then conveyed from a second c¢lectrical device disposed outside of the

body to the first electrical device disposed within the body via the connection port.

[1030] This application claims priority to U.S. Provisional Application Serial No.
60/828,376, entitled “System and Method for Percutancous Delivery of Electrical Stimulation

to a Target Body Tissue,” filed October 5, 2006, which 1s incorporated herein by reference n
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its entirety. However, to the extent that a term 1s used and/or defined within this specification
in a manner inconsistent with the use and/or definition provided in U.S. Provisional
Application Serial No. 60/828,376, the use and/or definition of the term shall be construed as

provided within this specification.

[1031] As used 1n this specification, the words “proximal” and “distal” can refer to the
direction closer to and away from, respectively, an operator (€.g., surgeon, physician, nurse,
technician, etc.) who would use a medical device or a therapeutic device during a procedure.
For example, the end of a medical device first to contact the patient’s body would be the
distal end, while the opposite end of the medical device (e.g., the end of the medical device
being operated by the operator) would be the proximal end of the medical device. Similarly,
the end of a medical device implanted the furthest within the patient’s body would be the
distal end, while the opposite end of the medical device (e.g., the end of the medical device
that 1s implanted the least amount within the body or the end of the medical device that 1s

disposed outside of the body) would be the proximal end.

[1032] As used 1n this specification the word “‘clectrical member” refers to any object or
device that can be used as a part of an electrical circuit or an electrical process. For example,
in some¢ embodiments, an e¢lectrical member can include passive objects, such as conductive
wires, passive switches, msulators, electrical connectors or the like. In other embodiments,
an clectrical member can include an electrical device that produces, processes, receives
and/or otherwise manipulates an clectrical signal. Such electrical devices can include, for

example, signal processors, sensors, stimulators, or the like.

[1033] FIG. 1 18 a schematic illustration of a stimulation system 100 according to an
embodiment of the invention disposed within a body B. The stimulation system 100 includes
an clectrical device 130 disposed outside of the body B, an electrical member 140 disposed
within the body B, and a connection port 110 operatively coupled to the electrical device 130
and the clectrical member 140. The connection port 110 includes a stud 116 and an anchor
120, and has a proximal portion 111 and a distal portion 112. The proximal portion 111
includes a connection surface 117. The distal portion 112 includes a terminal surface 127.
The stud 116 defines a longitudinal axis A; and has an electrically conductive pathway 126
between the connection surface 117 and the terminal surface 127. In some embodiments, for

example, the conductive pathway 126 can include the entire stud 116. In this manner, as
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described 1n more detail herein, an electrical signal, such as a current or a voltage, can be
conveyed between an arca outside of the body B and a target tissue T within the body B via

an clectrical pathway that excludes the skin S.

[1034] The stud 116 extends from the distal portion 112 of the connection port 110
through the skin S (including the dermis D and epidermis E) such that the longitudinal axis
A of the stud 1s non-parallel with a plane that includes an outer surface of the skin S.
Morcover, the stud 116 extends through the skin S such that the connection surface 117 1s
flush with or above an outer surface of the skin S. Said another way, connection port 110 1s
disposed within the body B such that the connection surface 117 1s accessible from an arca
outside of the body B. For example, m some embodiments, the connection surface 117 1s
disposed above the skin by between 0.5 mm and 5 mm. In this manner, as discussed in more
detail herein, a connection wire 132 can be electrically coupled to the connection surface 117
of the connection port 110. Morecover, this arrangement can prevent the proximal end portion
111 of the connection port 110 from becoming caught on an object external to the body B

(c.g., the patient’s clothing) and is aesthetically pleasing.

[1035] The anchor 120 1s disposed at the distal portion 112 of the connection port 110
beneath the skin S of the body B. The anchor 120 extends radially from the longitudinal axis
A of the stud 116 to anchor the connection port 110 1n a subcutancous location within the
body B. Said another way, the anchor 120 1s substantially circular about the longitudinal axis
Ar of the stud 116. In this manner, when the connection port 110 18 percutancously disposed
within the body B, the anchor 120 maintains a location of the connection port 110 within the
body B. Morcover, as discussed in more detail herein, in some embodiments, the anchor 120

can be configured to resist the extrusion and/or expulsion of the connection port 110 from the

body B.

[1036] The electrical device 130 1s operatively coupled to the connection port 110 by the
connection wire 132. The connection wire 132 can be coupled to the connection port 110 by
any suitable means, such as for example, by an adhesive, a snap connector, an alligator clip, a
screw connector, a weld, a solder or the like. Although shown as being operatively coupled
via a single connection wire 132, 1n other embodiments, the electrical device 130 can be
operatively coupled to the connection port 110 using multiple connection wires to establish,

for example, a bi-polar electrical connection. In such embodiments, the connection port 110
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can 1nclude multiple distinct conductive pathways 126. In yet other embodiments, the
clectrical device 130 can be operatively coupled to the connection port 110 without any
physical coupling or connection wire 132. For example, in some embodiments, the electrical
device 130 can be operatively coupled to the connection port 110 via a galvanic coupling, a
capacitive coupling, an inductive coupling, a radio frequency (RF) coupling and/or any

suitable wireless coupling.

[1037] The electrical device 130 can be any suitable device configured to produce and/or
recerve an electrical signal, such as an clectrical current, a voltage or the like. For example,
in some embodiments, the electrical device 130 can be an electrical stimulator to produce an
clectrical current and/or voltage to stimulate a target tissue T, such as a nerve, a muscle
and/or the like, within the body B as a part of a therapeutic process. In other embodiments,
the electrical device 130 can be a signal processor configured to receive and/or process an
clectrical signal produced by the target tissue T and/or an electrical device (not shown in FIG.

1) disposed within the body B.

[1038] The clectrical member 140 has a proximal end portion 141 and a distal end portion
142, and defines an electrically conductive path 148 therethrough. The proximal end portion
141 of the electrical member 140 includes a terminal 146 that 1s spaced apart from and
operatively coupled to the distal end 112 of the connection port 110. In this manner, an
clectrical signal can be conveyed between the electrical device 130 and the electrical member
140 via the connection port 110. Morecover, since the terminal 146 of the electrical member
140 1s spaced apart from the connection port 110, the connection port 110 can move with the
skin S without transmitting any forces from such movement to the clectrical member 140.
Said another way, this arrangement allows the connection port 110 and the electrical member

140 to be clectrically coupled while remaining mechanically 1solated.

[1039] The distal end portion 142 of the electrical member 140 includes a terminal 147
that 1s disposed adjacent the target tissue T within the body. In some embodiments, for
example, the terminal 147 can include one or more clectrodes configured to be disposed
about the target tissue T (e.g., a cuff electrode) such that an electrical signal can be conveyed

between the terminal 147 of the electrical member 140 and the target tissue T.

[1040] The stimulation system 100 can be used as described in U.S. Patent Publication
No. 2006/0184211, entitled “Method of Routing Electrical Current to Bodily Tissues Via
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Implanted Passive Conductors,” filed January 23, 2006, which 1s incorporated herein by
reference 1n 1ts entirety. In some embodiments, for example, the stimulation system 100 can
be used to deliver electrical stimulation from the electrical device 130 through the skin S via
the connecting port 110 to the target tissue T to treat a medical condition. For example, in
some embodiments, the stimulation system can be used for pain treatment (¢.g., pain resulting

from carpal tunnel syndrome, arthritis, traumatic injury or the like), muscle rehabilitation, or

the like.

[1041] In some embodiments, for example, the electrical device 130 can produce an
clectrical current having characteristics suitable for therapeutic stimulation. For example, 1n
some embodiments, the electrical device 130 can produce a pulsed electrical current having
an amplitude of approximately 1 mA and a pulse frequency of approximately 50 pulses per
second. The electrical current can be conveyed from the electrical device 130 to the proximal

end 111 of the connection port 110 via the connection wire 132.

[1042] As described above, the stud 116 defines an electrically conductive pathway 126
such that the electrical signal can be conveyed from the proximal end 111 of the connection
port 110 to the distal end 112 of the connection port 110. The electrically conductive
pathway 126 of the connection port 110 1s characterized by an electrical impedance less than
an clectrical impedance of the skin S. In this manner, the electrical signal, which can be, for
example an electrical current, can be conveyed from an area outside of the body B through
the skin S without significant attenuation. Said another way, the electrical signal can be
conveyed from an area outside of the body B through the skin S via an electrical pathway that

excludes the skin S.

[1043] The electrical signal can then be conveyed from the distal end portion 112 of the
connection port 110 to the terminal 146 of the clectrical member 140 by the electrical
coupling. The electrical signal can then be conveyed via the electrically conductive pathway
defined by the electrical member 140 from the terminal 146 to the terminal 147. In this
manner, the electrical signal can be conveyed from the electrical device 130 to the target
tissue T within the body B without significant attenuation. Said another way, this
arrangement allows the electrical signal produced by the electrical device 130 to be conveyed

to the target tissue T via a stimulation path (not shown 1n FIG. 1) that excludes the skin S.
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[1044] The connection port 110 can be any suitable shape and size to facilitate
percutancous msertion of the connection port 110 within the body B. For example, in some
embodiments, the stud 116 of the connection port 110 can be cylindrically shaped having a
diameter of between 1 mm and 3 mm. In other embodiments, the stud 116 of the connection
port 110 can have a diameter of approximately 1 mm. Similarly, in some embodiments, the
anchor 120 can be disc-shaped (e.g., the anchor 120 can be substantially circular about the
longitudinal axis Ap of the stud 116) having a diameter of between 10 mm and 30 mm and a
thickness of between 1 mm and 3 mm. In other embodiments, the anchor 120 can be disc-

shaped having a diameter of approximately 20 mm and a thickness of approximately 2 mm.

[1045] The connection port 110 can be constructed from any material or combination of
materials having suitable properties. Such suitable material properties 1nclude
biocompatibility, electrical conductivity and/or impedance, mechanical strength, or the like.
For example, 1n some embodiments, the connection port 110 can be constructed from a rigid
material. In other embodiments, the connection port 110 can be constructed from a flexible
material configured to deform when the connection port 110 1s disposed within the body B.
Stmilarly, in some embodiments, the connection port 110 can be monolithically constructed.
In other embodiments, the connection port 110 can be an assembly of separately formed

components.

[1046] In some embodiments, the connection port 110 and/or the stud 116 of the
connection port 110 can be constructed from a conductive material. In this manner, the
clectrically conductive pathway 126 can include the entirety of the connection port 110
and/or the stud 116. Such conductive materials can have an clectrical conductivity greater
than an electrical conductivity of the skin S and/or the subcutancous tissue beneath the skin S.
Such conductive materials can include, for example, titanium, pyrolytic carbon, stainless
steel, platinum, 1ridium, carbon and any suitable combination thercof. In some embodiments,
for example, the connection port 110 can be constructed from titantum plated with a layer of
platinum, iridium, pyrolytic carbon, vapor deposited carbon, or the like to prevent oxidization

of the titanitum to improve the electrical conductivity of the connection port 110.

[1047] In some embodiments, the connection port 110 can include both eclectrically
conductive materials and eclectrically 1nsulative materials.  For example, 1 some

embodiments, the stud 116 can include a first portion (not shown in FIG. 1) and a second

10
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portion (not shown in FIG. 1). The first portion can be constructed from an electrically
insulative material such as, for example, a rngid epoxy, polycarbonate, silicone,
polytetraflurocthylene, polypropylene, polyurcthane and polysulfone (PSU). The second
portion can be constructed from an e¢lectrically conductive material and can extend from the
connecting surface 117 to the terminal surface 127. In this manner, the second portion can
define the electrically conductive pathway 126 between the connection surface 117 and the
terminal surface 127. In some embodiments, the second portion can be, for example, a wire
disposed within the electrically insulative material. In other embodiments, the second portion

can be, for example, a plating about the first portion of the stud 116.

[1048] FIG. 2 1s a flow chart of a method 200 of disposing the stimulation system 100
within the body B according to an embodiment of the invention. The method 1llustrated 1n
FIG. 2 1s discussed with reterence to FIG. 3, which 18 a schematic illustration of the
stimulation system 100 disposed within the body B. The method includes mserting an
clectrical member along a first msertion path within the body such that a proximal end of the
clectrical member 1s disposed beneath the skin of the body, 202. Referring to FIG. 3, the
clectrical member 140 1s inserted into the body B through an incision I;, as shown by arrow
AA. The clectrical member 140 1s moved along the first insertion path Piys; (represented by
dashed lines 1in FIG. 3) within the body B such that the proximal end 141 of the electrical
member 140 1s disposed beneath the skin S of the body B. Said another way, the electrical
member 140 1s inserted along a first insertion path Ping; within the body B until the electrical
member 140 1s disposed entirely within the body B. In some embodiments, the distal end 142
of the clectrical member 140 1s disposed adjacent the target tissue T, which can be, for

example, a nerve, a muscle, and/or the like.

[1049] In some embodiments, the electrical member 140 1s inserted percutancously. In
other embodiments, inserting the electrical member 140 can include dilating a bodily tissue
and/or forming the first insertion path Pivs;. For example, 1n some embodiments, the distal
end 142 of the electrical member 140 can be configured to dilate a portion of the body B. In
other embodiments, the first insertion path Piyg; can be formed by a separate tool, such as for

example, an insertion probe, a trocar or the like.

[1050] Returning to the flow chart shown in FIG. 2, a connection port 1s 1nserted along a

second 1nsertion path within the body such that a proximal portion of the connection port 1s
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accessible from a region outside of the body, 204. In some embodiments, for example, the
connection port can be inserted such that a distal portion of the connection port 18 spaced
apart from and operatively coupled to the proximal end portion of the electrical member, 204.
Referring to FIG. 4, the connection port 110 1s inserted into the body B through an incision I,
as shown by arrow CC. The connection port 110 1s moved along the second insertion path
Pinsy (represented by dashed lines in FIG. 3) within the body B such that the anchor 120 1s
disposed subcutancously within the body B. In this manner, as described above, the anchor

120 can maintain a location of the connection port 110 within the body B.

[1051] The distal portion 112 of the connection port 110 can be operatively coupled to
the proximal end portion 141 of the c¢lectrical member 140 by any suitable means. Said
another way, the distal portion 112 of the connection port 110 can be electrically coupled to
the electrical member 140 by any suitable means that permits the connection port 110 and the
clectrical member 140 to be spaced apart. For example, in some embodiments, the
connection port 110 can be electrically coupled to the electrical member 140 by a galvanic
coupling. In other embodiments, the connection port 110 can be electrically coupled to the
clectrical member 140 by a capacitive coupling. In yet other embodiments, the connection
port 110 can be electrically coupled to the electrical member 140 by an inductive coupling.
In still other embodiments, the connection port 110 can be electrically coupled to the

clectrical member 140 by a radio frequency coupling or any other suitable wireless coupling.

[1052] As shown 1n FIG. 3, the first insertion path Ping; 1S different from the second
insertion path Ping;. For example, in some embodiments, a center line CL; of the first
insertion path Piyg; can be angularly offset from a center line CL, of the second insertion path
Pins2. Said another way, in some embodiments, the trajectory of the first insertion path Ping;
can be different than a trajectory of the second insertion path Piygy. In this manner, the first
incision I; can be disposed apart from the second incision I,. This arrangement can allow the
first incision I; and/or the second 1ncision I, to be located on the body B 1n an inconspicuous
location. Morcover, by inserting the electrical member 140 and the connection port 110 via
distinct insertion paths, the first insertion path Piys; can have a different size (e.g., diameter
and/or depth) than the second insertion path Piygp. In this manner, the first insertion path
Pins: can be defined based solely on the characteristics of the electrical member 140.
Similarly, the second 1nsertion path Pivs; can be defined based solely on the characteristics of

the connection port 110.
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[1053] Returning to FIG. 2, in some embodiments, the method can optionally include
operatively coupling the proximal portion of the connection port to an electrical device, 206.
In some embodiments, the electrical device can be disposed outside of the body. In some
embodiments, for example, the electrical device can be a stimulator disposed outside of the
body configured to at least produce or process an clectrical signal. In other embodiments, the

clectrical device can be a signal-processor.

[1054] Although the distal portion 112 of the connection port 110 1s shown and described
above as being spaced apart from the proximal end portion 141 of the electrical member 140,
in some embodiments, the distal portion 112 of the connection port 110 can be in contact
with, engaged with and/or mechanically coupled to the proximal end portion 141 of the
clectrical member 140. For example, FIG. 4A 1s a schematic 1llustration of the stimulation
system 100 disposed within the body B according to an embodiment of the invention. The
arrangement of the stimulation system 100 within the body B differs from the arrangement of
the stimulation system 100 within the body B as shown 1n FIG. 3 1n that the connection port
110 1s 1n contact with the proximal end portion 141 of the electrical member 140. This
arrangement can be achieved, for example, by inserting the connection port 110 along the
second 1nsertion path Pingy until the distal end 112 of the connection port 110 touches the

proximal end portion 141 of the electrical member 140.

[1055] In other embodiments, the connection port 110 can be coupled to the proximal end
portion 141 of the electrical member 140 prior to the connection port 110 and/or the electrical
member 140 being inserted into the body B. For example, FIGS. 4B — 4D are schematic
illustrations of a method of inserting the stimulation system 100 into the body B according to
an embodiment of the invention. As shown in FIG. 4B, the electrical member 140 1s inserted
into the body B through an incision I, as shown by arrow DD. The ¢lectrical member 140 1s
moved along the first insertion path Pyg; (represented by dashed lines in FIG. 4B) within the
body B such that the proximal end 141 of the electrical member 140 1s disposed beneath the
skin S of the body B. In some embodiments, the distal end 142 of the electrical member 140

1s disposed adjacent the target tissue T, which can be, for example, a nerve, a muscle, and/or

the like.

[1056] As shown 1n FIG. 4C, the connection port 110 1s inserted into the body B through

the incision I, as shown by arrow EE. The connection port 110 1s moved within the body B
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along the second insertion path Py (represented by dashed lines in FIG. 4B) within the
body B. Although the proximal portion 111 of the connection port 110 1s shown as being
moved along the second insertion path Ping; first, in other embodiments, the connection port

can be moved along the second insertion path Py, with the distal portion 112 first.

[1057] As shown 1n FIG. 4D, the proximal portion 111 of connection port 110 is then
disposed through the skin S, as shown by the arrow FF. In this manner, the connection port
110 1s disposed within the body B such that the anchor 120 1s disposed subcutancously within
the body B and the terminal surface 117 of the proximal portion 111 1s accessible from a
region outside of the body B. Accordingly, as described above, the anchor 120 can maintain
a location of the connection port 110 within the body B. Said another way, the proximal
portion 111 of connection port 110 18 then disposed through the skin S to define the second

incision I».

[1058] Although the stimulation system 100 1s shown 1n FIG. 4A as being inserted via
two insertion pathways (1.e., Pinsi and Pvg2), 1n other embodiments, the stimulation system
100 can be 1nserted via a single insertion pathway. For example, 1n some embodiments, the
distal end 112 of the connection port 110 can be coupled to the proximal end portion 141 of
the electrical member 140 prior to 1nsertion, and the assembly can then be inserted via a
single msertion pathway. The distal end 112 of the connection port 110 can be coupled to the
proximal end portion 141 of the clectrical member 140 by any suitable means. For example,
in some¢ embodiments, the distal end 112 of the connection port 110 can be coupled to the
proximal end portion 141 of the electrical member 140 by a connective adhesive, a magnetic

coupling, welding, soldering and/or crimping.

[1059] Although the stimulation system 100 1s shown and described as having one
connection port 110 percutancously disposed within the body B, in some embodiments, a
stimulation system can have multiple connection ports percutancously disposed within the
body. In yet other embodiments, a stimulation system can have one or more connection ports
percutancously disposed within the body and one or more surface electrodes disposed on the
surface of the body. In yet other embodiments, the connection port may have several distinct

clectrically conductive pathways.

[1060] For example, FIG. 5 1s a schematic illustration of a stimulation system 300

according to an embodiment of the imnvention disposed within a body B. The stimulation
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system 300 includes an electrical stimulator 330 disposed outside of the body B, an ¢lectrical
member 340 disposed within the body B, a connection port 310, and a surface electrode 335.
The connection port 310, which can act as a cathodic electrode, 1s similar to the connection
port 110 shown and described above. The connection port 310 1s disposed within the body B
such that an anchor 320 of the connection port 310 1s disposed subcutancously to maintain a
location of the connection port 310 within the body B. The connection port 310 1s
clectrically coupled to the celectrical stimulator 330 by a connection wire 332. The
connection port 310 1s electrically coupled to (e.g., by a galvanic coupling) and spaced apart

from the electrical member 340.

[1061] As described above, the electrical member 340 has a proximal end portion 341
and a distal end portion 342, and defines an clectrically conductive path therethrough. The
proximal end portion 341 of the electrical member 340 includes a terminal 346 that 1s spaced
apart from and operatively coupled to the connection port 310. The distal end portion 342 of
the electrical member 340 includes a terminal 347 that 1s disposed adjacent the target tissue T
within the body. In this manner, an clectrical signal, such as, for example, an electrical
current, can be conveyed from the electrical stimulator 330 to a target tissue T (e.g., neural
tissue) within the body B via the connection port 310. Morecover, the electrical current can be
conveyed from the clectrical stimulator 330 to the target tissue T within the body B via an

clectrical pathway that excludes the skin S.

[1062] The surface electrode 335, which can act as an anodic electrode, 1s disposed on the
surface of the skin S. The location of the surface electrode 335 on the surface of the skin S
can be maintained by an suitable means, such as, for example, a conductive gel, adhesive, a
wetted electrode, a fitted garment or the like. The surface electrode 335 1s electrically
coupled to the electrical stimulator 330 by a connection wire 333. The surface electrode 335
can be any suitable electrode for transmitting and/or receiving an electrical signal to or from
the body B. For example, in some embodiments, the surface electrode 335 can be a gel
clectrode. In other embodiments, the surface clectrode 335 can be a flexible disc-type
clectrode having clectrical leads. Similarly, the surface electrode 335 can be constructed
from any suitable material, such as, for example, conductive eclectrolyte gel, conductive

rubber, conductive plastic, metal mesh, metal plate, metallized rubber and/or plastic.
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[1063] In use, the clectrical stimulator 330 can produce an e¢lectrical current having
characteristics suitable for therapeutic stimulation. The electrical current flows along a first
stimulation path Psrivn (represented by dashed lines in FIG. 5) within the body B, which
includes the connecting port 310, the electrical member 340 and the subcutancous body tissue
therebetween. In this manner, at least a portion of the electrical current can be conveyed
from the electrical stimulator 330 to the target tissue T. The portion of electrical current can
then be recturned to the surface clectrode 335 via a second stimulation path Psrive
(represented by dashed lines in FIG. 5) within the body, which includes subcutancous body

tissue and the skin.

[1064] Although the stimulation system 300 1s shown and described as including one
cathodic electrode (1.¢., connection port 310) and one anodic clectrode (i.¢., surface electrode
335), in some embodiments, a stimulation system can include at least one clectrode and/or
connection port that can function as both a cathodic electrode and an anodic electrode. In
other embodiments, a stimulation system can include multiple surface e¢lectrodes and/or
connection ports configured to function as multiple pairs of cathodic clectrodes and/or
multiple anodic electrodes. In this manner, a stimulation system according to an embodiment
of the invention can convey an electrical current into the body via more than one stimulation

path.

[1065] Morecover, although the stimulation systems shown and described above include
an clectrical member disposed entirely within the body (e.g., a passive electrical conductor,
an ¢lectrical device or the like), 1n some embodiments, a stimulation system can be devoid of
an clectrical member disposed entirely within the body. For example, in some embodiments,
a stimulation system can include an e¢lectrical stimulator and a connection port of the types
shown and described above. In such stimulation systems, an e¢lectrical signal can be
conveyed from the electrical stimulator to a target tissue via a stimulation path that excludes

the skin and 1ncludes subcutancous body tissue.

[1066] For example, FIG. 6 1s a schematic illustration of a stimulation system 400
according to an embodiment of the imnvention disposed within a body B. The stimulation
system 1ncludes an electrical stimulator 430 disposed outside of the body B, four connecting

ports 410A-410D, and four surface clectrodes 435A-435D. The connection ports 410A-

410D, which are similar to the connection ports shown and described above, are electrically
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coupled to the electrical stimulator 430 by a series of connection wires 432. The surface
clectrodes 435A-435D, which are similar to the connection ports shown and described above,
are clectrically coupled to the electrical stimulator 430 by a series of connection wires 433.
In some embodiments, the stimulation system 400 can include a multiplexer (not shown 1n
FIG. 7) to allow at least a first pair of connection ports 410A-410D and/or surface electrodes
435A-435D to be clectrically coupled to the eclectrical stimulator 430 while electrically
1solating at least a second pair of connection ports 410A-410D and/or surface electrodes
435A-435D. In this manner, as described below, the array of connection ports 410A-410D
and surface electrodes 435A-435D can be used to define multiple different stimulation paths
within the body B. Morcover, the multiplexer can be configured to electrically couple the
connection ports 410A-410D and/or surface electrodes 435A-435D to deliver either bipolar

stimulation or monopolar stimulation.

[1067] For example, the stimulation system 400 can be placed 1n a first configuration in
which the electrical stimulator 430 1s electrically coupled to the first connection port 410A
and the second connection port 410B. The clectrical stimulator 430 produces an ¢lectrical
current having characteristics suitable for therapeutic stimulation, as described above. The
clectrical current can flow from the electrical stimulator 430 to the first connection port
410A. The current can then be conveyed within the body B via a first stimulation path
Pstivii, which terminates at the second connection port 410B. In this manner, the electrical
current can be conveyed from the electrical stimulator 430 to a first target tissue T;, which

can include, for example, a first peripheral nerve PN;.

[1068] As shown 1 FIG. 6, the stimulation system 400 can be placed in a second
configuration in which the electrical stimulator 430 1s electrically coupled to the second
connection port 410B and the second surface clectrode 435B. An clectrical current from the
clectrical stimulator 430 can flow from the electrical stimulator 430 to the second connection
port 410B. The current can then be conveyed within the body B via a second stimulation
path Psrivp, which terminates at the second surface clectrode 435B. In this manner, the
clectrical current can be conveyed from the electrical stimulator 430 to a second target tissue

T,, which can include, for example, a second peripheral nerve PN,.

[1069] Similarly, the stimulation system 400 can be placed 1n a third configuration in

which the electrical stimulator 430 1s electrically coupled to the third connection port 410C
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and the fourth connection port 410D. An electrical current from the electrical stimulator 430
can flow from the electrical stimulator 430 to the third connection port 410C. The current
can then be conveyed within the body B via a third stimulation path Pgnvs, which terminates
at the fourth connection port 410D. In this manner, the electrical current can be conveyed
from the electrical stimulator 430 to a third target tissue T3, which can include, for example, a

third peripheral nerve PN,

[1070] Similarly, the stimulation system 400 can be placed in a fourth configuration in
which the electrical stimulator 430 1s electrically coupled to the third connection port 410C
and the fourth surface clectrode 435D. An clectrical current from the clectrical stimulator
430 can flow from the electrical stimulator 430 to the third connection port 410C. The
current can then be conveyed within the body B via a fourth stimulation path Psriva, which
terminates at the fourth surface electrode 435D. In this manner, the electrical current can be
conveyed from the electrical stimulator 430 to a fourth target tissue T4, which can 1nclude, for

example, a fourth peripheral nerve PNy.

[1071] In a similar manner, any combination surface electrodes 435A-435D can be
selected to convey an electrical current (either monopolar or bipolar) within the body B to
any combination of connection ports 410A-410B. Similarly, any combination of connection
ports 410A-410D can be seclected to convey an electrical current within the body to stimulate
on¢ or more target tissues T1-T4. Said another way, the array of connection ports 410A-410D
and/or surface clectrodes 435A-435D can be selectively used to stimulate specific arcas of

target body tissue.

[1072] The selection of the connection ports 410A-410D and/or the surface electrodes
435A-435D can be performed manually by iteratively electrically coupling pairs of the
connection ports 410A-410D and/or the surface clectrodes 435A-435D to the electrical
stimulator 430 and measuring the patient’s response to determine the desired selections.
Alternatively, in some embodiments, the stimulation system 400 can include a processor
configured to automatically select and clectrically couple the connection ports 410A-410D
and/or the surface clectrodes 435A-435D to the electrical stimulator 430. For example, 1n
some embodiments, the stimulation system 400 can include a processor configured to
automatically select and/or electrically couple the connection ports 410A-410D and/or the

surface clectrodes 435A-435D to the clectrical stimulator 430 based on the mmpedance
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between the various combinations of the connection ports 410A-410D and/or the surface
clectrodes 435A-435D. In other embodiments, the stimulation system 400 can include a
processor configured to automatically select and/or electrically couple the connection ports
410A-410D and/or the surface electrodes 435A-435D based on a measured response from the
patient (e.g., a muscle response, and or verbal response) and/or a direct input by a user (e.g.,

an 1nput independent from the patient’s response).

[1073] Although the stimulation systems are shown and described above as being
configured to convey an electrical current to stimulate a target tissue within the body, 1n some
embodiments, a stimulation system can be configured to convey an electrical signal to an
clectrical device disposed within the body. For example, FIG. 7 is a schematic illustration of
a sttmulating system 500 according to an embodiment of the mnvention disposed within a
body B. The stimulating system 500 includes an electrical stimulator 530 disposed outside of
the body B, an c¢lectrical member 540 disposed within the body B, an clectrical device 550
disposed within the body, and a connection port 510. The connection port 510, which 18
similar to the connection ports shown and described above, 1s disposed within the body B
such that a distal portion 512 of the connection port 510 1s disposed subcutancously within
the body B adjacent the electrical member 540. A proximal portion 511 of the connection

port 510 1s electrically coupled to the electrical stimulator 530 by a connection wire 532.

[1074] As described above, the electrical member 540 has a proximal end portion 541
and a distal end portion 542, and defines an electrically conductive path therethrough. The
proximal end portion 541 1s spaced apart from and operatively coupled to the connection port
510 (e.g., by a galvanic coupling). The distal end portion 542 of the electrical member 540 1s
clectrically coupled to the electrical device 550. In this manner, an clectrical signal can be
conveyed from the electrical stimulator 530 to the electrical device 550 within the body B via
the connection port 510. Morecover, the electrical signal can be conveyed from the electrical

stimulator 530 to the electrical device 550 via an electrical pathway that excludes the skin S.

[1075] The clectrical device 550 can be any clectrical device powered by electrical
current and/or any e¢lectrical device that receives an electrical signal. For example, in some
embodiments, the electrical device 550 can be a sensor implanted within the body B to assess
intra-body parameters. Such sensors can include, for example, electroncurogram (ENG)

sensors, clectromyogram (EMG) sensors, clectrocardiogram (ECG) sensors, temperature

19



CA 02663030 2009-03-06
WO 2008/0430635 PCT/US2007/080564

sensors, pressure sensors, pH sensors, tilt sensors, accelerometers, gyroscopes, displacement
sensors, and/or impedance sensors. In other embodiments, the electrical device 550 can be a
portion of an c¢lectrical circuit implanted within the body B, such as, for example, an
amplifier, a filter, a high voltage/constant current generator, an clectrical switch, a power
supply, a battery (including a miniature rechargeable battery), a battery-charging circuit, a
processor, a frequency shifter, an over-stimulation protection circuit, and/or a communication

module (wired or wireless).

[1076] In use, the electrical stimulator 530 produces an electrical signal (e.g., an electrical
current) having characteristics associated with the electrical device 550. The electrical signal
can be conveyed from the electrical stimulator 530 to the electrical device 550 within the
body B via the connection port 510 via an e¢lectrical pathway that excludes the skin S.
Accordingly, since the electrical signal does not pass through the skin S, the electrical signal
can have any amplitude and/or frequency that 1s not harmful to the subcutancous body

t1SSues.

[1077] Although the stimulation system 500 1s shown as including a single electrical
device 550 coupled to the distal end portion 542 of the electrical member 540, in other
embodiments, the electrical device 550 can be coupled to any portion of the electrical
member 540. In yet other embodiments, a stimulation system can include multiple electrical
devices 550 and/or multiple electrical members 540. For example, FIG. 8 1s a schematic
illustration of a stimulating system 600 according to an embodiment of the invention
disposed within a body B. The stimulating system 600 includes an electrical stimulator 630
disposed outside of the body B, a first electrical member 640A and a second electrical
member 640B ecach disposed within the body B, a first electrical device 650A and a second
clectrical device 650B each disposed within the body B, a connection port 610, and a surface
clectrode 635. The connection port 610, which 1s similar to the connection ports shown and
described above, 1s disposed within the body B such that a distal portion 612 of the
connection port 610 1s disposed subcutancously within the body B adjacent the electrical
member 640. The connection port 610 1s electrically coupled to the electrical stimulator 630

by a connection wire 632.

[1078] The surface clectrode 635 1s disposed on the surface of the skin S and 1s

clectrically coupled to the electrical stimulator 630 by a connection wire 633. As described
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above, the surface clectrode 635 can be any suitable eclectrode for transmitting and/or

recerving an electrical signal to or from the body B.

[1079] The first electrical member 640A has a proximal end portion 641A, a distal end
portion 642A, and a central portion 649A, and defines an clectrically conductive path
therethrough. The proximal end portion 641A of the first electrical member 640A 1s
clectrically coupled to the connection port 610. The central portion 649A of the first
clectrical member 640A 1s electrically coupled to the first electrical device 650A. The distal
end portion 642A of the first electrical member 640A 1s disposed adjacent the target tissue T
within the body. In this manner, an clectrical signal can be conveyed from the electrical
stimulator 630 to the first clectrical device 650A and then to the target tissue T via the
connection port 610. Said another way, this arrangement allows the electrical signal to be
conveyed to the first electrical device 650A and the target tissue T 1n series. As described
above, the electrical signal can be returned to the surface electrode 635 via a stimulation path

Pstiv, which includes body tissue.

[1080] The second electrical member 640B has a proximal end portion 641B and a distal
end portion 642B, and defines an electrically conductive path therethrough. The proximal
end portion 641B of the second clectrical member 640B 1s electrically coupled to the
connection port 610 1n parallel with the first electrical member 640A. The distal end portion
642B of the second clectrical member 640B 1s clectrically coupled to the second electrical
device 650B. In this manner, an eclectrical signal can be conveyed from the electrical
stimulator 630 to the second eclectrical device 650B 1n parallel with the stimulation of the

target tissue T.

[1081] Although the stimulation systems are shown and described above as conveying an
clectrical signal to a target tissue and/or an implanted electrical device, in other embodiments,
a medical system can receive an electrical signal from a target tissue and/or an implanted
clectrical device. Such electrical signals can include, for example, monopolar and bi-polar
signals from a neural tissue within the body (e.g., an electroneurogram or ENG signal). For
example, FIG. 9 1s a schematic 1llustration of a medical system 700 according to an
embodiment of the invention disposed within a body B. The medical system 700 includes an

clectrical device 730 disposed outside of the body B, a first electrical member 740A and a
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second clectrical member 740B, an clectrical device 750 disposed 1nside of the body, a first

connection port 710A, and a second connection port 710B.

[1082] The first connection port 710A, which 1s similar to the connection ports shown
and described above, 1s disposed within the body B such that a distal portion 712A of the first
connection port 710A 1s disposed subcutancously within the body B adjacent the first
clectrical member 740A. The first connection port 710A 1s clectrically coupled to the
clectrical device 730 by a connection wire 732. Similarly, the second connection port 710B
is disposed within the body B such that a distal portion 712B of the second connection port
710B 1s disposed subcutancously within the body B adjacent the second electrical member
740B. The second connection port 710B 1s electrically coupled to the electrical device 730

by a connection wire 732.

[1083] The electrical device 730 disposed outside of the body B can be any electrical
device configured to receive and/or process an electrical signal. In some embodiments, the
clectrical device can be a signal processor. In other embodiments, the electrical device can
be an electrical data recorder, such as, for example, a datalogger, a strip chart recorder, or the
like. The clectrical device 750 disposed 1nside of the body B can be any clectrical device
configured to be implanted within the body, such as, for example, a sensor, an amplifier, a

filter, a communication module or the like.

[1084] The first electrical member 740A has a proximal end portion 741A, a distal end
portion 742A, and a central portion 749A, and defines an clectrically conductive path
therethrough. The proximal end portion 741A of the first electrical member 740A 1s
clectrically coupled to the first connection port 710A. The central portion 749A of the first
clectrical member 740A 1s electrically coupled to the electrical device 750 disposed within
the body B. The distal end portion 742A of the first electrical member 740A includes a
terminal surface 747A (e.g., an c¢lectrical pick-up) disposed adjacent or about a first target
tissue T; within the body B. The first target tissue T can be, for example, a first location on

a nerve N.

[1085] The second electrical member 740B has a proximal end portion 741B and a distal
end portion 742B, and defines an clectrically conductive path therethrough. The proximal
end portion 741B of the second clectrical member 740B 1s electrically coupled to the second

connection port 710B. The distal end portion 742B of the second clectrical member 740B
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includes a terminal surface 747B (e.g., an clectrical pick-up) disposed adjacent a second
target tissue T, within the body B. The second target tissue T, can be, for example, a second

location on the nerve N, spaced apart from the first location.

[1086] In use, the terminal surfaces 747A and 747B can receive a first electrical signal
and a second clectrical signal, respectively, produced by the nerve N. The first electrical
signal can be conveyed from the terminal surface 747A to the electrical device 750 disposed
within the body B wvia the electrical member 740A. In some embodiments, the electrical
device 750 can process the first electrical signal, for example, by amplifying the signal,
processing the signal and/or the like. In this manner, the quality of the first electrical signal
can be improved prior to 1ts conveyance to the electrical device 730 outside of the body B.
The resulting first electrical signal can then be conveyed to the electrical device 730 disposed
outside of the body B via the first connection port 710A. Similarly, the second clectrical
signal can be conveyed from the terminal surface 747B to the electrical device 730 disposed

outside of the body B via the second connection port 710B.

[1087] In some embodiments, the connection ports shown and described above can be
constructed from biocompatible materials that bond with living tissue (¢.g., the dermis and/or
epidermis) to form a seal. For example, FIG. 10 1s a schematic 1llustration of a connection
port 810 according to an embodiment of the invention disposed percutancously within a body
B. The connection port 810 includes a stud 816 and an anchor 820, and has a proximal
portion 811 and a distal portion 812. The proximal portion 811 includes a connection surface
817. The distal portion 812 includes a terminal surface 827. The stud 816 includes an outer
portion 828 constructed from a first material having a first electrical conductivity, and an
inner portion 829 constructed from a second material having a second clectrical conductivity
orcater than that of the first material. In this manner, the mner portion 829 defines an

clectrically conductive pathway 826 between the connection surface 817 and the terminal

surface 827.

[1088] As described above, the anchor 820 1s disposed at the distal portion 812 of the
connection port 810 and 1s disposed beneath the skin S of the body B. The anchor 8§20
extends outwardly from the stud 816 to anchor the connection port 810 1n a subcutancous

location within the body B.
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[1089] At least a portion of an outer surface 814 of the connection port 810 15 covered
with a fibrous and/or porous layer 815 configured to promote ingrowth of soft bodily tissue
around the outer surface 814 of the stud 816 and/or the anchor 820. The fibrous and/or
porous layer 815 1s disposed about the portion of the outer surface 814 such that when the
connection port 810 1s implanted, the fibrous and/or porous layer 815 18 disposed within the
dermis D of the skin S. In this manner, the fibrous and/or porous layer 815 can block the
downward growth of the epidermis E (as indicated by the arrows CC in FIG. 10) and/or
promote bonding of the dermis D to the connection port 810. Said another way, the fibrous
and/or porous layer 815 can limit the body’s natural propensity to close incisions of the skin

S and/or to extrude the connection port 810 by epidermal cell proliferation.

[1090] The fibrous and/or porous layer 815 can be constructed from any suitable
material. In some embodiments, for example, the fibrous and/or porous layer 815 can include
on¢ or more biocompatible metallic materials, such as titanium, matte titanium, Nitinol,
silver, or stainless steel. In other embodiments, the fibrous and/or porous layer 815 can
include one or more polymeric materials, such as, for example, Dacron™, Teflon™,
polyolefins, nylon, silicone, flexible polyurecthane, polypropylene, vitreous carbon fabric,
polytetrafluorocthylene. In yet other embodiments, the fibrous and/or porous layer 815 can
include a coating of fine trabecularized carbon and titanium. In yet other embodiments, the
fibrous and/or porous layer 815 can include an antimicrobial agent. Such agents can be
coated on, implanted within and/or impregnated within the fibrous and/or porous layer 813,
the stud 816 and/or the anchor 820. Such agents can include, for example, antibiotics,
antifungal, antiviral agents, anti-inflammatory agents, and other healing agents (e.g., silver or

silver coatings).

[1091] Although connection port 110 shown and described above includes an anchor 120
that extends radially from the stud 116, in some embodiments, the anchor 120 can have any
suitable shape and/or orientation relative to the stud 116. For example, in some
embodiments, a connection port can include an anchor having an oval shape devoid of sharp
edges and/or tight concave surfaces. In other embodiments, a connection port can include an
anchor having multiple surfaces configured to maintain a location of the connection port
within the body. Such surfaces can be, for example, discontinuous surfaces that are cach
configured to engage and/or contact a portion of the skin and/or subcutancous tissue to

maintain the location of the connection port within the body. In yet other embodiments, a
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connection port can include an anchor having multiple members configured to cooperatively

maintain a location of the connection port within the body.

[1092] FIG. 11 1s a front view of a connection port 910 according to an embodiment of
the mnvention disposed percutancously within a body B. The connection port 910 has a
proximal portion 911 and a distal portion 912. The proximal portion 911 1ncludes a
connection surface 917. The connection surface 917 1s configured to be substantially parallel
with an outer surface of the skin S. Said another way, the connection surface 917 1s
substantially normal to a center line CL of the insertion path Ppg through which the

connection port 910 18 percutancously inserted into the body B.

[1093] The distal portion 912 includes an anchor 920. The anchor 920 has a circular
shape about an axis Ac substantially parallel with the outer surface of the skin S. Said
another way, the anchor 920 has a circular shape about an axis substantially normal to the
center line Cy, of the 1nsertion path Piys. In some embodiments, for example, the anchor has a
toroidal shape about the axis Ac. Because FIG. 11 1s a front view of the connection port 910,
the axis Ac 1s shown as a point and would extend from the page. The anchor 920 defines an
opening 919, a portion of which 1s disposed beneath the skin S. In this manner, as shown 1n
FIG. 11, the anchor 920 can be disposed about an clectrical member 940. As described
above, the electrical member 940 can be any implantable member that defines an electrically
conductive path for conveying an electrical signal from the connection port 910 to a tissue

and/or device within the body B.

[1094] FIG. 12 1s a front view of a connection port 1010 according to an embodiment of
the mvention disposed percutancously within a body B. The connection port 1010 has a
proximal portion 1011 and a distal portion 1012. The proximal portion 1011 includes a
connection surface 1017. The distal portion 1012 includes an anchor 1020 and a dilator
1018. The anchor 1020 1s similar to the anchor 920 described above with reference to FIG.
11 and has a circular shape about an axis Ac substantially parallel with the outer surface of
the skin S. The dilator 1018 has a tapered portion 1024 configured to displace a bodily tissue

when the connection port 1010 1s inserted 1into the body.

[1095] Although the connection ports 910 and 1010 shown and described above include
an anchor having a continuously circular shape, 1n other embodiments, a connection port can

include an anchor having multiple members that define a discontinuous circular shape. For
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example, FIG. 13 1s a front view of a connection port 1110 according to an embodiment of
the mnvention disposed percutancously within a body B. The connection port 1110 has a
proximal portion 1111 and a distal portion 1112. The proximal portion 1111 1ncludes a
connection surface 1117. The distal portion 1112 includes an anchor 1120 having a first
member 1121 and a second member 1122. The first member 1121 and the second member
1122 cooperatively define a circular shape about an axis Ac substantially parallel with the
outer surface of the skin S. The distal ends of the first member 1121 and the second member

1122 are spaced apart, however, such that the circular shape 1s discontinuous.

[1096] Although the anchors are shown and described above as being 1 a fixed position
relative to other portions of the connection port, 1n some embodiments, at Ieast a portion of an
anchor can move relative to another portion of the connection port. For example, in some
embodiments, a connection port can include an anchor having a first member and a second
member that 18 movable relative the first member. In this manner, the second member can
move relative to the first member to move the anchor between a first configuration (¢.g., an
insertion configuration) and a second configuration (¢.g., an anchoring configuration). In
other embodiments, a connection port can include a monolithically constructed anchor that 1s
movable relative to the proximal end of the connection port. In this manner, the connection
port can move between a first configuration and a second configuration. In yet other
embodiments, a connection port can include a movable anchor and a biasing member
configured to bias the movable anchor in a predetermined configuration (¢.g., an insertion

configuration or an anchoring configuration).

[1097] Although the connection wires are shown and described above as being
mechanically coupled to a proximal portion of a connection port, in some embodiments, an
intervening structure can be used to mechanically and/or electrically couple the connection
wires and the connection port. For example, FIG. 14 shows a portion of a stimulation system
1200 according to an embodiment of the invention. The stimulation system 1200 includes at
least one connection port 1210, a surface clectrode 1235, a connection wire 1232, and an
clectrical member 1240 implanted within the body B. The connection port 1210, which 1s
similar to the connection ports shown and described above, includes a proximal portion 1211
and a distal portion 1212. As described above, the connection port 1210 defines a conductive

path therethrough having an electrical impedance less than an electrical impedance of the

skin S.
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[1098] The connection wire 1232 18 mechanically and electrically coupled to the
proximal portion 1211 of the connection port 1210 by the surface electrode 1235, which can
be, for example, a conductive electrolyte gel electrode. Accordingly, an electrical signal can
be conveyed between an arca outside of the body and the electrical member 1240 via a
stimulation path Pgrpv that includes the connection wire 1232, the surface electrode 12335, the
connection port 1210 and a portion of the subcutancous tissue. Because a portion of the
surface electrode 1235 1s 1n contact with the skin S, some amount of the electrical signal (e.g.,
the escape current) may be conveyed by the surface electrode 1235 into the body B via an
escape path Pgrgce that includes the skin S. However, because the conductive path defined by
the connection port 1210 has an electrical impedance less than an electrical impedance of the

skin S, the magnitude of the electrical signal conveyed via the escape path 1s minimal.

[1099] In some embodiments, a connection wire can be mechanically and/or electrically
coupled to the connection port via a connector that does not directly contact the skin S. In
this manner, the escape current can be further minimized and/or eliminated. In some
embodiments, a connector can be a removable connector, such as, for example, a snap
connector, an alligator clip, a screw connector, a slide connector or the like. In other
embodiments a connector can be non-removable, such as, for example, a soldered connector,

a welded connector, a crimped connector or the like.

[1100] For example, FIG. 15 shows a portion of a stimulation system 1300 according to
an embodiment of the invention. The stimulation system 1300 includes at Icast one
connection port 1310, a connector 1360, and a connection wire 1332. The connection port
1310 includes a proximal portion 1311 and a distal portion 1312. The proximal portion 1311
includes a protrusion 1317. The distal portion 1312 includes a terminal surface 1327 and an
anchor 1320. As described above, the anchor 1320 1s disposed beneath the skin S of the body

B to anchor the connection port 1310 1n a subcutanecous location within the body B.

[1101] The connector 1360 has a proximal end 1367 and a distal end 1368, and includes
an outer portion 1363 constructed from a first material having a first electrical conductivity,
and an inner portion 1362 constructed from a second material having a second electrical
conductivity greater than that of the first material. In this manner, the inner portion 1362

defines an electrically conductive pathway through the connector between the proximal end
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1367 and the distal end 1368. In some embodiments, however, the connector 1360 can be

constructed from a single material.

[1102] The connection wire 1332 15 coupled to the proximal end 1367 of the connector
1360. The distal end 1368 of the connector 1360 defines an opening 1361 configured to
matingly receive the protrusion 1317 of the connection port 1310. In this manner, the
connector 1360 can be removably coupled (e.g., snapped) to the connection port 1310 1n a

predetermined position relative to the connection port 1310.

[1103] Although the connection port 1310 1s shown as having a protrusion 1317 that
extends above the surface of the skin S and has a convex shape, in other embodiments, a
connection port can include any suitable terminal surface that 1s accessible from a region
outside of the body. For example, FIG. 16 shows a connection port 1410 according to an
embodiment of the invention. The connection port 1410 includes a proximal portion 1411
and a distal portion 1412. The proximal portion 1411 includes a terminal surface 1417
having a concave shape such that at least a portion of the terminal surface 1417 1s disposed
below the outer surface of the skin S. The terminal surface 1417 1s accessible from a region
outside of the body B. As described above, distal portion 1412 includes an anchor 1420
disposed benecath the skin S of the body B to anchor the connection port 1410 in a

subcutancous location within the body B.

[1104] While various embodiments of the invention have been described above, 1t should
be understood that they have been presented by way of example only, and not limitation.
Where methods described above indicate certain events occurring in certain order, the
ordering of certain events may be modified. Additionally, certain of the events may be
performed concurrently 1n a parallel process when possible, as well as performed sequentially
as described above. Thus, the breadth and scope of the invention should not be limited by
any of the above-described embodiments. While the invention has been particularly shown
and described with reference to specific embodiments thercof, 1t will be understood that

various changes m form and details may be made.

[1105] For example, although the stimulation systems shown and described above
include an e¢lectrical member disposed entirely within the body (e.g., a passive electrical
conductor, an clectrical device or the like), 1n some embodiments, a stimulation system can

be devoid of an electrical member disposed entirely within the body. For example, in some
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embodiments, a stimulation system can include an c¢lectrical stimulator and a connection port
of the types shown and described above. In such stimulation systems, an e¢lectrical current
can be conveyed from the electrical stimulator to a target tissue via a stimulation path that

excludes the skin and includes subcutancous body tissue.

[1106] Although the connection ports are shown and described above as having a
terminal surface that 1s configured to be flush with or above an outer surface of the skin, 1n
some¢ embodiments a connection port can have a terminal surface that 1s configured to be
below an outer surface of the skin (1.¢., recessed) while remaining accessible from an arca
outside of the body. In yet other embodiments, a connection port can have a non-planar
terminal surface such that a portion of the terminal surface 1s disposed above an outer surface
of the skin and a portion of the terminal surface 1s disposed below and outer surface of the

skin.

[1107] Although various embodiments have been described as having particular features
and/or combinations of components, other embodiments are possible having a combination of
any features and/or components from any of embodiments where appropriate. For example,
in some embodiments, a stimulation system can include any connection port of the types
shown and described above and/or any arrangement of external electrical devices, internal
clectrical devices and/or electrical members as shown and described herein. For example, 1n
some embodiments, a stimulation system can include one or more connection ports having a
circular shaped anchor (as discussed above with reference to FIGS. 11 — 13) and an electrical

member 1n contact with a distal portion of the connection port.
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What 1s claimed 1s:

1. An apparatus, comprising:

a percutancous connection port configured to convey an electrical signal between an
clectrical device disposed outside of a body and an electrical member disposed within the
body, the percutancous connection port having a distal portion and a proximal portion,

the proximal portion including a surface configured to be accessible from a region
outside of the body,

the distal portion including an anchor having a curved shape about an axis

substantially parallel to a skin of the body, the anchor configured to be disposed within the
body.

2. The apparatus of claim 1, wherein the anchor 1s any one of a ring-shaped anchor, a

disk-shaped anchor or a toroidal-shaped anchor.

3. The apparatus of claim 1, wherein the anchor includes a first member and a second
member, a distal end portion of the first member spaced apart from a distal end portion of the

second member.

+, The apparatus of claim 1, wherein the distal portion includes a dilator portion

configured to dilate a bodily tissue.

5. The apparatus of claim 1, wherein the anchor includes a first member and a second
member, the first member configured to move relative to the second member when the

percutancous connection port 18 disposed within the body.

0. The apparatus of claim 1, wherein the anchor includes:

a first member;

a sccond member configured to move relative to the first member when the
percutancous connection port 1s disposed within the body; and

a biasing member configured to bias the second member 1n a position relative to the

first member.
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7. The apparatus of claim 1, wherein the percutancous connection port 1s configured to
be operatively coupled to the electrical member by at least one of a galvanic coupling, a

capacitive coupling or an inductive coupling.

8. The apparatus of claim 1, further comprising:

the electrical member, the electrical member being a passive electrical conductor.

9. A system, comprising:

an clectrical device configured to be disposed outside of a body, the electrical device
configured to at least produce or receive an electrical signal;

an ¢lectrical member configured to be disposed entirely within the body, the electrical
member having a proximal end portion and a distal end portion; and

a connection port configured to convey the electrical signal between the electrical
device and the clectrical member, the connection port configured to be percutancously
inserted 1n to the body such that a proximal portion of the connection port 1s disposed outside
of the body and a distal portion of the connection port 1s disposed within the body,

the proximal portion of the connection port configured to be operatively coupled to
the electrical device, the distal portion of the connection port configured to be operatively

coupled to and spaced apart from the electrical member.

10.  The system of claim 9, wherein the electrical device 1s at least one of an clectrical

stimulator or a electrical signal processor.

11.  The system of claim 9, wherein the clectrical member 1S a passive clectrical
conductor, the distal end of the passive electrical conductor including a plurality of electrodes

configured to be disposed adjacent a target tissue within the body.
12.  The system of claim 9, wherein the electrical member 18 any one of a sensor, an

amplifier, a power supply, a high voltage generator, a current generator, a switch, a battery

charging circuit, an ¢lectronic filter, or a processor.
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13.  The system of claim 9, wherein the distal end portion of the connection port includes
an anchor configured to limit movement of the connection port within the body and a porous

coating disposed about at least a portion of the anchor.

14.  The system of claim 9, wherein the distal end portion of the connection port 1s
operatively coupled to the electrical member by at least one of a galvanic coupling, a

capacitive coupling or an inductive coupling.

15. A method, comprising:
inserting an electrical member along a first path within a body such that a distal end
portion of the eclectrical member 18 disposed at a target location within the body and a
proximal end portion of the electrical member 1s disposed beneath a skin of the body; and
inserting a connection port along a second path within the body such that a proximal
portion of the connection port 18 accessible from a region outside of the body, the second path

different from the first path.

16.  The method of claim 15, wherein the inserting the connection port 1s performed such
that a distal portion of the connection port 1s spaced apart from and operatively coupled to the

proximal end portion of the electrical member.

17. The method of claim 15, wherein the inserting the electrical member includes
disposing the distal end portion of the clectrical member adjacent at least one of target tissue

and an clectrical device within the body.

18.  The method of claim 15, wherein the inserting the electrical member 1s performed

percutancously and includes dilating a bodily tissue.

19. The method of claim 15, wherein:
the 1nserting the electrical member 1s performed via a first incision; and
the 1nserting the connection port i1s performed via a second incision, the second

incision being physically distinct from the first incision.
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20. The method of claim 15, wherein:

the 1nserting the electrical member 1s performed via a first incision; and

the 1nserting a connection port includes defining a second 1ncision through which the
proximal portion of the connection port 18 accessible from a region outside of the body, the

second 1ncision being physically distinct from the first incision.

21. The method of claim 15, wherein:
the 1nserting the electrical member 18 performed via an incision; and

the 1nserting the connection port 1s performed via the incision.

22.  The method of claim 15, further comprising:
coupling the clectrical member to the connection port before the inserting the

electrical member.

23.  The method of claim 15, wherein a center line of the first path 1s angularly offset from

a center line of the second path.

24. A method, comprising:

inserting an electrical member 1into a body via a first incision such that a distal end
portion of the electrical member 18 disposed at a target location within the body;

inserting a connection port into the body via the first incision; and

disposing a proximal portion of the connection port through a second 1ncision such
that the proximal portion of the connection port 1s accessible from a region outside of the
body and a distal portion of the connection port 1s within the body and 1s electrically coupled

to a proximal end portion of the electrical member.

25. The method of claim 24, wherein:
the 1nserting the electrical member 18 performed via a first path within the body; and
the inserting the connection port is performed via a second path within the body, the

second path different from the first path.

26. The method of claim 24, wherein:

the mserting the electrical member 1s performed via a first path within the body; and
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the 1nserting the connection port 1s performed via a second path within the body, a

center line of the first path being angularly offset from a center line of the second path.

27.  The method of claim 24, further comprising:
coupling the proximal end portion of the clectrical member to the distal portion

connection port before the mserting the electrical member.

28.  The method of claim 24, wherein the inserting the connection port includes iserting
the proximal portion of the connection port before the distal portion of the connection port 1s

inserted.

29.  The method of claim 24, wherein the inserting the connection port defining a path

within the body using the proximal portion of the connection port.

30. A method, comprising:

operatively coupling an clectrical device disposed outside of a body to a first
connection port from a plurality of connection ports and a second connection port from the
plurality of connection ports to define a first stimulation path within the body between the
first connection port and the second connection port;

conveying a first electrical signal from the electrical device mto the body via at least
one¢ of the first connection port or the second connection port such that a portion of the first
clectrical signal travels within the body along the first stimulation path;

operatively coupling the electrical device to a third connection port from the plurality
of connection ports to define a second stimulation path within the body, the second
stimulation path different than the first stimulation path; and

conveying a second clectrical signal from the electrical device into the body via at
least one of the first connection port, the second connection port or the third connection port
such that a portion of the second clectrical signal travels within the body along the second

stimulation path.

34



CA 02663030 2009-03-06
WO 2008/0430635 PCT/US2007/080564

31. The method of claim 30, wherein:

the first connection port from the plurality of connection ports 1s disposed within the
body such that a distal portion of the connection port 1s disposed beneath a skin of the body
and a proximal portion of the connection port 1s disposed outside of the body; and

at least the first stimulation path includes at least a portion of an clectrical member
disposed within the body, a distal end portion of the electrical member disposed at a target
location within the body, a proximal end portion of the electrical member spaced apart from

and operatively coupled to the distal end of the first connection port.

32. A method, comprising:

inserting a connection port within a body such that a distal portion of the connection
port 1s disposed subcutancously within the body and 1s spaced apart from a first electrical
device disposed within the body, and a proximal portion of the connection port 1s accessible
from a region outside of the body; and

conveying an ¢lectrical signal from a second electrical device disposed outside of the

body to the first electrical device disposed within the body via the connection port.
33.  The method of claim 32, wherein the first clectrical device includes any one of a
sensor, an amplifier, a power supply, a high voltage generator, a current generator, a switch, a

battery charging circuit, an ¢lectronic filter, or a processor.

34.  The method of claim 32, wherein the distal portion of the connection port includes an

anchor having a circular shape.
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FIG. 1

202 Insert an electrical member along a first path within a body such

that a distal end portion of the electrical member 1s disposed at a
target location within the body and a proximal end portion of the
clectrical member 1s disposed beneath the skin

204 Insert a connection port along a second path within the body such
that a distal portion of the connection port 1s accessible from a
region outside of the body

Optionally, operatively couple the proximal portion of the
connection port to an electrical device configured to at least
produce or process an electrical current
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