
(12)
(19)

(54)

(51)

(21)

(87)

(30)

(31)

(43)
(44)

(71)

(72)

(74)

(56)

STANDARD PATENT 
AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2007235208 B2

Title
Electrode contact configurations for cuff leads

International Patent Classification(s) 
A61N 1/18 (2006.01)

Application No: 2007235208

WIPO No: WO07/117758

(22) Date of Filing: 2007.02.06

Priority Data

Number
11/393,991

(32) Date
2006.03.30

(33) Country
US

Publication Date: 2007.10.18
Accepted Journal Date: 2012.01.19

Applicant(s)
Boston Scientific Neuromodulation Corporation

Inventor(s)
Whitehurst, Todd K.;Jaax, Kristen N.;Carbunaru, Rafael;Moffitt, Michael Adam

Agent / Attorney
Davies Collison Cave, Level 14 255 Elizabeth Street, Sydney, NSW, 2000

Related Art
US 6308105
US 7003352
US 2003/0236558
US 2004/0010303



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

(19) World Intellectual Property Organization 
International Bureau

(43) International Publication Date
18 October 2007 (18.10.2007) PCT

w
o 

20
07

/1
17

75
8 a

s ll
llll
llll
llll
llll
llll
llll
llll
llll
llll
llll
llll
llll
lll̂

(51) International Patent Classification:
A61N1/18 (2006.01)

(21) International Application Number:
PCT/US2007/061660

(22) International Filing Date: 6 February 2007 (06.02.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
11/393,991 30 March 2006 (30.03.2006) US

(71) Applicant (for all designated States except US): AD
VANCED BIONICS CORPORATION [US/US]; 12740 
San Fernando Road, Sylmar, CA 91342 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): MOFFITT, 

Michael, Adam [US/US]; 28132 Castilo Lane, Valencia, 
CA 91354 (US). CARBUNARU, Rafael [VE/US]; 4203 
Colfax Avenue, Unit B, Studio City, CA 91604 (US). 
JAAX, Kristen, N. [US/US]; 28854 Half Moon Place, 
Santa Clarita, CA 91390 (US). WHITEHURST, Todd, 
K. [US/US]; 28415 Incline Lane, Santa Clara, CA 91390 
(US).

(74) Agent: BLACK, Bruce, E.; Darby & Darby P.C., P.O. Box 
770, Church Street Station, New York, NY 10008-0770 
(US).

lllllllllllllllllllllllllllllllllllll^
(10) International Publication Number

WO 2007/117758 A3
(81) Designated States (unless otherwise indicated, for every 

kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, 
IP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, 
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, 
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, 
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TI, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BI, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
— with international search report
— before the expiration of the time limit for amending the 

claims and to be republished in the event of receipt of 
amendments

(88) Date of publication of the international search report:
29 November 2007

For two-letter codes and other abbreviations, refer to the "Guid
ance Notes on Codes and Abbreviations" appearing at the begin
ning of each regular issue of the PCT Gazette.

(54) Title: ELECTRODE CONTACT CONFIGURATIONS FOR CUFF LEADS

(57) Abstract: A stimulation system is disclosed that may include a stimulator unit coupled to electrode contacts on a cuff. In one 
embodiment, the cuff may be placed at least partially around a nerve. The stimulation system may include at least two electrode 
contacts disposed on the cuff such that a distance between the at least two electrode contacts various along a length of the electrode 
contacts. In another embodiment, a plurality of electrode contacts are disposed on the cuff such that distances between at least 
one electrode contact within the plurality of electrode contacts and each electrode contact immediately adjacent to the at least one 
electrode contact are different. The stimulator unit may also be implantable.
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ELECTRODE CONTACT CONFIGURATIONS FOR CUFF LEADS

FIELD OF THE INVENTION
The invention relates generally to electrode contacts for neurostimulation, and more 

particularly, but not exclusively, to devices with asymmetric (different) electrode contact 
configurations for peripheral nerve stimulation, stimulation of nerve bundles, neurovascular 
bundles, and subcutaneous stimulation and methods of manufacture and use.

BACKGROUND OF THE INVENTION
Neurostimulation is the application of electrical stimulation on neurological pathways, 

such as nerve bundles, neurovascular bundles, and so forth. Electrical stimulation has a history 
in medicine for treating various ailments. For example, neurostimulation has been used for the 
treatment of chronic radiculopathy (sciatica), failed back syndrome, neuropathy, reflex 
sympathetic dystrophy (complex regional pain syndrome), and various vascular insufficiencies.

In addition, vagus nerve stimulation (VNS) has been applied with partial success in 
patients with refractory epilepsy. In this procedure, an implantable pulse generator is implanted 
in the patient’s thorax, and an electrode lead is routed from the generator to the left vagus nerve 
in the neck. Helix-shaped stimulation and indifferent electrode contacts are attached to the vagus 
nerve via an invasive surgical process that requires the carotid sheath to be fully exposed. Based 
on a number of studies, approximately 5% of patients undergoing VNS are seizure-free, and an 
additional 30-40% of patients have a greater than 50% reduction in seizure frequency. However, 
VNS may lead to significant side effects. The vagus nerve provides parasympathetic innervation 
to the cardiac tissue, and thus VNS may lead to bradycardia, arrhythmia, or even graver cardiac 
side effects. In fact, VNS systems are often only used on the left vagus nerve, as the right vagus 
nerve contributes significantly to cardiac innervation. Additionally, VNS may interfere with 
proper opening of the vocal cords, which has led to hoarseness and shortness of breath in a 
significant number of VNS patients.

Electrical stimulation has also been used to treat erectile dysfunction. The targets of 
electrical stimulation are the cavernous nerves. The cavernous nerves run bilaterally between the 
prostate and the rectum as they course from the sacral spinal cord to the corpora cavernosa in the 
penis. Near the rectum the nerves form more of a plexus than a coherent nerve, and they are
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interlaced with small arteries and veins as well as fatty tissue. This collection of small 

nerve fibers, arteries, and veins can be referred to as the neurovascular bundle.

BRIEF SUMMARY

One embodiment is a stimulation system for a nerve. The stimulation system

5 includes a cuff for placement, at least partially, around the nerve, and a plurality of 

electrode contacts disposed on the cuff. The electrode contacts are disposed such that 

distances between at least one electrode contact and each electrode contact immediately 

adjacent to the at least one electrode contact are different. The stimulation system may also 

include a stimulator unit coupled to the electrode contacts of the cuff. The stimulator unit 

10 may also be implantable.

Another embodiment is another stimulation system for a nerve. The stimulation 

system includes a cuff that is configured and arranged to be disposed over at least a portion 

of the nerve. At least two electrode contacts are disposed on the cuff such that a distance 

15 between the at least two electrode contacts varies along a length of at least one of the 

electrode contacts. The stimulation system may also include a stimulator unit coupled to 

the electrode contacts of the 15 cuff. The stimulator unit may also be implantable.

Yet another embodiment is a method of stimulating a nerve by disposing a cuff 

20 around the nerve. A plurality of electrode contacts is disposed on the cuff such that 

distances between at least one electrode contact within the plurality of electrode contacts 

and each electrode contact immediately adjacent to the at least one electrode contact are 

different. The cuff is coupled to a 20 stimulator unit and electrical signals are provided 

from the stimulator unit to the electrode contacts of the cuff to stimulate the nerve.

25

According to one aspect the present invention provides a stimulation system for a 

nerve,including:

a cuff configured and arranged to be placed, at least partially, around the 

nerve; and

30 a plurality of electrode contacts disposed on the cuff such that distances

between a first electrode contact within the plurality of electrode contacts and each of at
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least two of the electrode contacts that are immediately adjacent to the first electrode 

contact are different, wherein the first electrode contact within the plurality of electrode 

contacts has a shorter length than at least one of the other electrode contacts.

5 According to another aspect the present invention provides a stimulation system for

a nerve, including:

a cuff that is configured and arranged to be disposed over at least a portion 

of the nerve; and

at least a first electrode contact and a second electrode contact disposed on

10 the cuff side-by-side, wherein (A) a distance between the first and second electrode 

contacts is at a greater distance towards a center of the length of the electrode contacts than 

at each end of the electrode contacts or (B) a distance between the first and second 

electrode contacts is at a lesser distance towards a center of the length of the electrode 

contacts than at each end of the electrode contacts., wherein each of the distances is a

15 distance, d(y), measured between points on the first and second electrode contacts that are 

at same lateral positions, Y, along the cuff.

According to yet another aspect the present invention provides a method of 

stimulating a nerve, the method including:

20 disposing a cuff, at least partially, around the nerve, the cuff including at

least a curved portion having a shape of a half-cylinder, a first flat portion extending from 

a first end of the curved portion, a second flat portion extending from a second end of the 

curved portion that opposes the first end, and a plurality of electrode contacts disposed on 

the curved portion of the cuff such that distances between a first electrode contact within

25 the plurality of electrode contacts and a second electrode contact within the plurality of 

electrode contacts varies along a length of the first electrode contact;

coupling the cuff to a stimulator unit; and

providing electrical signals from the stimulator unit to the electrode contacts 

of the cuff to stimulate the nerve.
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BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the present invention are described with 

reference to the following drawings. In the drawings, like reference numerals refer to like 

5 parts throughout the various figures unless otherwise specified.

For a better understanding of the present invention, reference will be made to the following 

Detailed Description, which is to be read in association with the accompanying drawings, 

wherein:

10
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FIGURE 1 is a schematic cross-sectional view of one embodiment of a cuff for use in a 
stimulation system;

FIGURE 2 is a schematic angled side view of one embodiment of a portion of the cuff of 
FIGURE 1;

5 FIGURE 3 is a graph illustrating one embodiment of electrode contact spacing for
bipolar nerve stimulation;

FIGURE 4 is a schematic view of an embodiment of a portion a cuff showing 
positioning of electrode contacts;

FIGURE 5 is a schematic view of another embodiment of a cuff showing another
10 positioning of electrode contacts;

FIGURE 6 is a schematic angular view of another embodiment of a cuff showing 
positioning of electrode contacts;

FIGURE 7 is a schematic view of another embodiment of a cuff showing a plurality of 
arrays of electrode contacts with different electrode contact positioning;

15 FIGURE 8 is a schematic view of an embodiment of a cuff showing varying
positioning between electrode contacts;

FIGURE 9 is a schematic side view of one embodiment of a portion of a cuff showing a 
distance from a portion of a nerve;

FIGURE 10 is a schematic view of another embodiment of a cuff showing varying
20 positioning between electrode contacts;

FIGURE 11 is a schematic view of another embodiment of a cuff with at least one 
electrode contact of a different length than each immediately adjacent electrode contact;

FIGURE 12 is a schematic view of an embodiment of a cuff showing groupings of a 
plurality of electrode contacts;

25 FIGURE 13 is a schematic cross-sectional view of one embodiment of a stimulator unit;
and

FIGURE 14 is a perspective view of one embodiment of a cuff for use in a stimulation 
system, according to the invention.

DETAILED DESCRIPTION
30 The invention is directed to positioning of electrode contacts, as well as devices that

include the electrode contacts, for nerve stimulation and treatment of disorders. In addition, the 
invention is directed to implantable stimulation systems with electrode contacts positioned on a
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cuff arrangement and for the treatment of disorders. For example, the implantable stimulation 
systems can be used to stimulate the vagus nerve to treat epilepsy or other disorders or to 
stimulate the cavernous nerve to treat erectile dysfunction or other disorders. Stimulation of the 
vagus or cavernous nerve is described herein as examples of use of the inventive implantable

5 stimulation systems; however, it will be recognized that the implantable stimulation systems and 
components that are disclosed herein can be used to stimulate other nerves and tissues.

Electrode contact arrays can be disposed near or adjacent a nerve to stimulate the nerve, 
such as, for example, the left vagus nerve or the cavernous nerve. In some instances, however, it 
is more convenient and/or advantageous to implant a stimulator unit, such as a stimulator, 

IO elsewhere, and then couple the stimulator unit, via a conductor, to electrode contacts disposed 
around or near the nerve. For example, implanting the stimulator unit elsewhere may be 
desirable so that the stimulator unit is not disposed in the highly mobile neck or groin region 
where the stimulator unit might be dislodged or otherwise moved from the original implanted 
position. In addition or alternatively, the stimulator unit may be implanted elsewhere to provide 

15 an easier site for removal of the stimulator unit if it should malfunction, cease functioning, or 
otherwise require replacement or removal. Finally, the stimulator unit may be implanted at a site 
where a rechargeable battery, if present, can be easily and/or inconspicuously recharged.

Examples of suitable implantable stimulator devices, including stimulators, that can be 
used or modified for use in stimulating the nerve include, but are not limited to, stimulator 

20 devices described in U.S. Patent Application Serial No. 11/294,283 entitled “Cuff Electrode 
Arrangement For Nerve Stimulation And Methods Of Treating Disorders,” which is incorporated 
herein by reference.

Positioning of electrode contacts on a cuff, saddle, or paddle may be selected to reduce 
stimulation thresholds for nerves and tissues. The positioning of the electrode contacts can be 

25 based, in part, on an electrode contact to target nerve or tissue distance. This positioning 
selection of electrode contacts can be directed towards affording flexibility in a choice of 
electrode contact spacing, and may be employed to reduce or minimize a stimulation threshold 
for nerve or tissue at different distances from the electrode contacts. The positioning selection 
may further afford improved depth selectivity in at least some embodiments. A flexible 

30 electrode contact positioning allows electrode contact spacing to be modified (including post
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implant) to match or approximate optimal spacings determined empirically or predicted with a 
theoretical and/or empirical model.

FIGURE 1 shows a cross-sectional view of one embodiment of a cuff for use with a 
separate stimulator unit. As shown in the figure, in one embodiment, cuff 102 includes a first 
portion 108 and optional second portions 112. In one embodiment, first portion 108 may be 
curved. However, the invention is not so limited, and first portion 108 may also be relatively 
flat. In one embodiment, second portions 112 are relatively flat. Cuff 102 is disposed around the 
nerve 104. FIGURE 2 is an angled side view of one embodiment of a portion of the cuff 102 of 
FIGURE 1 around at least a portion of nerve 104.

The cuff 102 can be formed to curve around most or all of the nerve, or the cuff 102 can 
be formed with first portion 108 that is disposed around a first portion of the nerve 104 and 
second portions 112 that may be disposed around a second portion of the nerve 104. For 
example, at least some of the second portions 112 of the cuff 102 can be positioned between the 
cavernous nerve and the rectum to facilitate stimulation of the cavernous nerve to treat erectile 
dysfunction or other disorders. Placing the cuff around all or most of the nerve (or neurovascular 
bundle) can facilitate recruitment of more of the nerve tissue for stimulation.

The cuff 102 includes two or more electrode contacts that are coupled to a stimulator unit 
and provides electrical stimulation to the selected nerve, via a conductor 1450 as described in 
more detail below in conjunction with FIGURE 14. Cuff 102 with electrode contacts may be 
referred to an electrode; while a lead may refer to the electrode combined with conductor 1450.

The electrode contacts can be positioned on the first portion 108 of the cuff 102. 
Positioning of the electrode contacts is described in more detail below in conjunction with 
FIGURES 3-12. The cuff 102 typically includes one or more anodes and one or more cathodes. 
The number of anodes and cathodes may be the same or different. The definition of which 
electrode contacts are anodes and which are cathodes may be constant or can be altered by the 
stimulator unit during operation of the stimulator device. When multiple anodes (or cathodes) 
are used, the anodes (or cathodes), or a subset thereof, can be electrically connected to each other 
at the cuff or the conductor or they may be each independently connected to the stimulator unit. 
Independent control of each electrode contact can be particularly useful for steering the current 
produced by the cuff to provide selective stimulation of desired portions (e.g., bundles of axons) 
of the nerve.
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The electrode contacts are formed of a conductive material. Preferably, the electrode 
contacts are formed of a material that does not substantially corrode under the operating 
conditions and in the operating environment for the expected lifetime of the stimulator device. 
Examples of suitable materials include metals, alloys, conductive plastics, and other conductive 
materials such as, for example, titanium, iridium, platinum, platinum iridium, stainless steel, or 
the like.

The electrode contacts can be formed entirely of a single conductive material, such as a 
metal or alloy, or one or both of the electrode contacts can be formed using a combination of 
conductive materials such as, for example, a conductive coating over a bulk metallic electrode. 
In other embodiments, one or both of the electrode contacts can be formed from a polymeric 
material that is at least partially, or fully, coated with a conductive coating, such as a metal, 
alloy, or conductive oxide (e.g., iridium tin oxide) coating.

The cuff 102 can be formed using a plastic or cloth material with conductors disposed in 
or on the material and coupled between the electrode contacts and the conductor. The cuff 102 
may also be formed of other materials including silicone, polymers, or the like. The cuff 102 
should be biocompatible and preferably does not substantially degrade during the expected 
implanted period. The cuff 102 can be formed using any method including, for example, 
molding. The electrode contacts can be coupled to the cuff 102 by any method including 
molding the cuff 102 around the electrode contacts that go to the conductor 1450 (See FIGURE 
14) or by attaching the electrode contacts to the cuff 102 by adhesive or other attachment 
methods.

FIGURE 3 is a graph illustrating one embodiment of optimal electrode contact spacing 
for bipolar nerve stimulation. Positioning of the electrode contacts on the cuff 102 may be 
selected to reduce stimulation thresholds of the nerve or other fiber. Electrode contacts are 
positioned in a flexible arrangement such that electrode contacts may be selected to reduce 
stimulation thresholds and to improve depth selectivity. As shown in FIGURE 3, distances 
between electrode contacts may be determined based on a distance from an axon (e.g., a 
stimulation target). In one embodiment, a distance between electrode contacts may be based on 
a shortest distance between a point on one electrode contact and a point on another electrode 
contact. The distances or spacing between electrode contacts shown in the figure are derived 
from a theoretical model of stimulation of unmyelinated fibers. However, distances between 
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electrode contacts may also be selected based on other types of fibers, without departing from the 
scope or spirit of the invention. Moreover, in one embodiment, a theoretical model, similar to 
that shown in FIGURE 3, may be developed based, in part, on a point source within an isotropic 
homogenous medium of about 500 Ohm-cm using an activating function concept. (See, e.g., 
Rattay F, “Analysis of Models for External Stimulation of Axons,” IEEE Transactions on 
Biomedical Engineering, Vol. BME-33, No. 10, October 1986, incorporated herein by 
reference.)

As used in practice, several electrode contacts may be positioned on cuff 102 of FIGURE 
1 with the separation between adjacent electrode contacts being selected to range around a 
particular distance. The distance may be a theoretical distance or an experimental distance. For 
example, given an electrode contact to axon distance of 6 mm, graph 300 of FIGURE 3 indicates 
that a distance between electrode contacts might be 7.3611 mm. However, in practice the 
electrode contact to axon distance might not actually be 6 mm, due to variety of reasons. Thus, 
electrode contacts on the cuff 102 could be placed such that distances between any two electrode 
contacts vary around the theoretical 7.3611 mm. For example, in one embodiment, electrode 
contacts may be positioned such that distances between at least one electrode contact and each 
electrode contact immediately adjacent to the at least one electrode contact are different. For this 
example, a distance between a center electrode contact and an electrode contact adjacent to the 
center electrode contact might be 7.3611 mm plus some value, while a distance between the 
center electrode contact and another adjacent electrode contact might be 7.3611 mm minus a 
different value. However, the invention is not so limited, and other arrangements may also be 
selected. In this manner, there is flexibility in the selection of different electrode contact based 
on the variability between theoretical models and empirical observations. FIGURES 4-7, and 
11-12 provide various embodiments for positioning of a plurality of electrode contacts on the 
cuff.

FIGURE 4 is a schematic view of an embodiment of a portion a cuff showing positioning 
of electrode contacts. As shown in the figure, three electrode contacts (402-404) are positioned 
along the first portion 108 of the cuff. The electrode contacts 402-404 may be positioned such 
that the distances between the center electrode contact 403 and the other two adjacent electrode 
contacts (402 and 404) are different. That is distance dl is different from distance d2. In this 
maimer, three bipolar distances are possible for stimulation (e.g., dl, d2, and dl+d2) depending 
upon the selection of electrode contacts.
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FIGURE 5 is a schematic view of another embodiment of a cuff showing another 
positioning of electrode contacts. As shown in the figure, four electrode contacts 502-55 are 
positioned such that the distances dl, d2, and d3 are different. In this embodiment, distances dl, 
d2, and d3 may be selected such that distances dl+d2, dl+d3, d2+d3, and dl+d2+d3 are each 
different. This enables seven different bipolar distances to be achieved. It will be understood 
that the invention is not limited to three or four electrode contact arrangements, and similar 
arrangements can also be made using virtually any number of electrode contacts greater than 
two.

It should be noted, however, that some embodiments may include repeated distances. 
However, electrode contacts are spaced such that two or more bipolar (e.g., multipolar) distances 
can be achieved through asymmetric (different) electrode contact positioning.

FIGURE 6 is a schematic angular view of another embodiment of a cuff showing 
positioning of electrode contacts. Shown is a full cuff employing different positioning of 
electrode contacts 602-604. That is, the distances dl and d2 between electrode contacts 602-604 
are different from each other.

FIGURE 7 is a schematic view of another embodiment of a cuff showing a plurality of 
arrays of electrode contacts with different electrode contact positioning. Shown is one 
embodiment of a saddle electrode contact arrangement with multiple electrode contact arrays 
706-708 (A, B, and C) with different positioning of electrode contacts within a given electrode 
contact array. An arrangement such as illustrated in FIGURE 7 may provide spatial selectivity 
of electrode contacts, and enable a selection of higher current densities than might be achieved 
with a set of longer electrode contacts. In one embodiment, electrode contact arrays 706-708 (A, 
B, and C) may be used simultaneously. In another embodiment, electrode contact arrays 706- 
708 (A, B, and C) may be used on different timing channels. In another embodiment, one or 
more (e.g., a subset) of the electrode contact arrays may be selected.

In addition, a pre-pulse may be applied at a bipolar distance selected for one depth. In 
one embodiment, electrical stimulation may be applied with a different bipolar spacing than that 
used for the pre-pulse stimulation, to affect a different (or even an overlapping) target 
population. In one embodiment, the pre-pulsing and stimulation may be applied within a same 
electrode contact array (A, B, or C). In another embodiment, the pre-pulsing and stimulation 
may be applied within different electrode contact arrays. However, pre-pulsing is not 
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constrained to electrode contact array arrangements, and pre-pulsing may be used for any of the 
embodiments described herein, without departing from the scope or spirit of the invention. For 
example, pre-pulsing may be applied for neuromodulation via a plurality of electrode contacts. 
A pre-pulse may not necessarily stimulate tissue, and may, in some instances, prevent or 
otherwise reduce stimulation of selected tissue by a subsequent pulse, to allow targeting of other 
tissues.

In other embodiments, the distances between electrode contacts may be variable. For 
example, in some embodiments, the separation distance between two (or more) electrode 
contacts may vary along a length of the electrode contacts. As such, FIGURE 8 is a schematic 
view of an embodiment of a cuff showing a varying distance between electrode contacts. Shown 
in the figure, a distance d(y) between electrode contacts 802 and 803 may vary according to a 
distance y along the first portion 108 of cuff 102. In one embodiment, the distance y may be 
measured from a point of intersection between the second portion 112 and the first portion 108 of 
the cuff. However, the invention is not limited to measuring from this point, and another 
position may be employed without departing from the scope or spirit of the invention.

As shown in FIGURE 8, the electrode contacts 802-803 are separated by a greater 
distance towards a center of the length of the electrode contacts than at an end of the electrode 
contacts (nearer to the edge of first portion 108). By changing the distance or separation 
between electrode contacts based, in part, on a position along the cuff, thresholds may be 
reduced. In one embodiment, the threshold may be reduced, even if a target stimulation depth 
changes along a width or length of the cuff. It will be recognized that other electrode contact 
arrangements with varying distances between the electrode contacts can also be formed. Such 
arrangements may present the electrode contacts in a regular or irregular pattern.

FIGURE 9 illustrates a schematic side view of one embodiment of a portion of a cuff 
showing a distance from a portion of a nerve, where target stimulation depth 902 varies such that 
a depth along the edges of the first portion 108 of cuff 102 might be less than the target 
stimulation depth towards the center of the first portion 108 of cuff 102.

FIGURE 10 is a schematic view of another embodiment of a cuff showing a varying 
distance between electrode contacts. As shown in the figure, distance d(y) between electrode 
contacts 1002-1003 is at a lesser distance towards a center of the length of the electrode contacts 
than at an end of the electrode contacts. This embodiment, enables the distance d(y) to vary 
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based, in part, on aposition along an electrode contact (1002-1003) to obtain a threshold profile 
that may increase uniformity across the nerve or other target fiber. Such uniformity of 
stimulation threshold across the nerve, nerve bundle, or other fiber, may be employed to 
minimize over stimulation of nerves.

It should be noted, that while FIGURES 8 and 10 illustrate two electrode contacts with a 
variable distance between the electrode contacts, the invention is not limited to two electrode 
contacts. For example, in one embodiment, electrode contact 802 and electrode contact 803 of 
FIGURE 8 may each represent a plurality of electrode contacts. Similarly, electrode contact 
1002 and electrode contact 1003 of FIGURE 9 may each represent more than one electrode 
contact. That is, electrode contact 1002 may represent two or more electrode contacts, while 
electrode contact 1003 may also represent two or more electrode contacts, without departing 
from the scope or spirit of the invention.

FIGURE 11 is a schematic view of another embodiment of a cuff with at least one 
electrode contact having a different length than at least one adjacent electrode contact. As shown 
in the figure, an inner electrode contact 1105 is of a shorter length (by length segments 1102 and 
1103) than at least one adjacent electrode contact 1104 or 1106. In one embodiment, distances 
dl and d2 may equal. However, in another embodiment distances dl and d2 may be different.

The arrangement of FIGURE 11 may be employed where a current density and activating 
mechanism are higher at an endpoint of an electrode contact than towards a center of the 
electrode contact. In addition, the arrangement shown in FIGURE 11 may provide an increased 
uniformity activation scheme where one or more outer electrode contacts (1104 and/or 1106) are 
selected to be of one polarity and the inner electrode contact 1105 is selected with an opposite 
polarity.

FIGURE 12 is a schematic view of an embodiment of a cuff showing groupings of a 
plurality of electrode contacts. As shown in the figure, dotted lines 1202-1204 represent three 
electrode contact groupings, each electrode contact grouping including a plurality of electrode 
contacts. Distances dl and d2 between each electrode contact grouping may be selected to be 
different. Moreover, each electrode contact within an electrode contact grouping may be 
configured as independent electrode contacts, electrically connected to each other on the cuff, or 
even electrically connected to each other via electronics within a stimulator unit, such as 
described below in conjunction with FIGURE 13. The concept of splitting electrode contacts, 
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and/or connecting them to each other may also be applied to each of the embodiments described 
herein. Moreover, in one embodiment, electrical stimulation may be applied across electrode 
contacts that are lateral to each other, or non-lateral to each other, thereby taking advantage of 
the variety of differences in distances between lateral and non-lateral electrode contacts within or 
across the electrode contact groupings.

FIGURE 13 is a schematic overview of one embodiment of components of a 
stimulation system 1300 including an electronic subassembly 1310 (which may or may not 
include power source 1312), according to the invention. In one embodiment, electronic 
subassembly 1310 is referred to as a stimulator unit, or as a portion of a stimulator unit (e.g., a 
portion of an implantable pulse generator). It will be understood that stimulation system 1300 
can include more, fewer, or different components and can have a variety of different 
configurations including those configurations disclosed in the stimulator references cited herein. 
Some or all of the components of stimulation system 1300 can be positioned on one or more 
circuit boards or similar carriers within housing of a stimulator unit if desired. Thus, in one 
embodiment, a stimulator unit may further include one or more of power source 1312, telemetry 
unit 1306, programming unit 1308, and/or recharging unit 1316, without departing from the 
scope or spirit of the invention.

Any power source 1312 can be used including, for example, a battery such as a 
primary battery or a rechargeable battery. Examples of other power sources include super 
capacitors, nuclear or atomic batteries, mechanical resonators, infrared collectors, thermally- 
powered energy sources, flexural powered energy sources, bio-energy power sources, fuel cells, 
bioelectric cells, osmotic pressure pumps, and the like including the power sources described in 
U.S. Patent Application Publication No. 2004/0059392, which is incorporated herein by 
reference.

As another alternative, power can be supplied by an external power source through 
inductive coupling via an optional antenna 1318 or a secondary antenna (not shown). 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 stimulator user on a permanent or periodic basis.

If the power source 1312 is a rechargeable battery, the battery may be recharged 
using the optional antenna 1318, if desired. Power can be provided to the battery for recharging 
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by inductively coupling the battery through the antenna to a recharging unit 1316 external to the 
user.

In one embodiment, electrical current is emitted by the electrode contacts 1314 to 
stimulate motor nerve fibers, muscle fibers, or other body tissues near the electrodes. The 
electronic subassembly 1310 provides the electronics used to operate the stimulator and generate 
the electrical pulses at the electrode contacts 1314 to produce stimulation of the body tissues. 
Figure 13 illustrates one embodiment of components of the electronic subassembly and 
associated units.

In the illustrated embodiment, a processor 1304 is generally included in the 
electronic subassembly 1310 to control the timing and electrical characteristics of the stimulator. 
For example, the processor can, if desired, control one or more of the timing, frequency, 
strength, duration, and waveform of the pulses. In addition, the processor 1304 can select which 
electrode contacts can be used to provide stimulation, if desired. In some embodiments, the 
processor may select which electrode contact(s) are cathodes and which electrode contacts) are 
anodes. In some embodiments, the processor may be used to identify which electrode contacts 
provide the most useful stimulation of the desired tissue. This process may be performed using 
an external programming unit that is in communication with the processor 1304.

Any processor can be used and can be as simple as an electronic device that produces 
pulses at a regular interval or the processor can be capable of receiving and interpreting 
instructions from an external programming unit 1308 that allow modification of pulse 
characteristics. In the illustrated embodiment, the processor 1304 is coupled to a receiver 1302 
which, in turn, is coupled to the optional antenna 1318. This allows the processor to receive 
instructions from an external source to direct the pulse characteristics and the selection of 
electrode contacts, if desired.

In one embodiment, the antenna 1318 is capable of receiving signals (e.g., RF 
signals) from an external telemetry unit 1306 which may be programmed by a programming unit 
1308. The programming unit 1308 can be external to, or part of, the telemetry unit 1306. The 
telemetry unit 1306 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 or cellular phone, if desired. As another alternative, 
the telemetry unit 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 1308 can be any unit that can provide 
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information to the telemetry unit for transmission to the stimulator. The programming unit 1308 
can be part of the telemetry unit 1306 or can provide signals or information to the telemetry unit 
via a wireless or wired connection. One example of a suitable programming unit is a computer 
operated by the user or clinician to send signals to the telemetry unit.

The signals sent to the processor 1304 via the antenna 1318 and receiver 1302 can be 
used to modify or otherwise direct the operation of the stimulator. For example, the signals may 
be used to modify the pulses or pre-pulses of the stimulator such as modifying one or more of 
pulse duration, pulse frequency, pulse waveform, and pulse strength. The signals may also direct 
the stimulator to cease operation or to start operation or to start charging the battery. In other 
embodiments, the electronic subassembly 1310 does not include an antenna 1318 or receiver 
1302 and the processor operates as programmed.

Optionally, the stimulator may include a transmitter (not shown) coupled to the 
processor and antenna for transmitting signals back to the telemetry unit 1306 or another unit 
capable of receiving the signals. For example, the stimulator may transmit signals indicating 
whether the stimulator is operating properly or not or indicating when the battery needs to be 
charged. The processor may also be capable of transmitting information about the pulse 
characteristics so that a user or clinician can determine or verify the characteristics.

The optional antenna 1318 can have any form. In one embodiment, the antenna 
comprises a coiled wire that is wrapped at least partially around the electronic subassembly 
within or on the housing.

Any method of manufacture of the components of the system for stimulation can be 
used. Particular components such as, the electronic subassembly, power source, and antenna, 
can be placed inside a housing (or, alternatively, the housing can be formed, e.g., molded, around 
the components) to form an implantable pulse generator.

A stimulator can be implanted into a patient and electrical signals can be provided to 
the conductive electrode contact(s) 1314 to stimulate a tissue. In one embodiment, a method of 
using an implantable stimulator includes implanting an implantable stimulator comprising a 
conductor. The conductor may comprise electrode contacts 1314 that are disposed at a distal end 
of the conductor. Electrode contacts 1314 may be arranged as described above. An electrical 
signal is provided to at least one electrode contacts 1314 to stimulate a tissue. Moreover, an 
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implantable stimulator can be implanted into the body tissue using a variety of methods 
including surgical methods.

The electrode contacts 1314 may be selectively stimulated. Electrical signals may be 
provided to the electrode contacts 1314 of the stimulator simultaneously. Alternatively, 
electrical signals can be provided to the electrode contacts 1314 of the stimulator independently 
of one another. Coordination of the electrical signals provided to the electrode contact (s) 1314 
is often facilitated by a processor 1304.

The stimulation system 1300 may be used to provide various electrical signals to the 
electrode contacts 1314 arranged on the cuff to stimulate the nerve, or other fiber, including, but 
not limited to pre-pulsing stimulations, or other waveform stimulations. In one embodiment, the 
electrical signals may be applied to provide a hybrid of depth stimulations. In another 
embodiment, the electrical signals may be applied on different timing channels to the electrode 
contacts.

FIGURE 14 is a perspective view of one embodiment of a cuff for use in a stimulator 
device. As shown in the figure, cuff 102 is coupled to conductor 1450 and further optionally 
includes one or more lumens 1452 entering the cuff with corresponding opening(s) through 
which a drug can be infused to the nerve or adjacent tissue. In one embodiment, conductor 1450 
includes a surrounding insulation material.

The lumens 1452 can connect through or along side of the conductor 1450 to the 
stimulator unit or a separate drug infusion unit that contains a reservoir of the drug and a pump 
that can provide the drug on a continuous, regular, irregular, or “as needed” basis. A processor 
may be provided to control the pump. The processor is optionally programmable from an 
external source by transmitting signals to the drug infusion processor. As an alternative, the 
lumen(s) 1452 can be accessed externally to infuse the drug using a drug infusion unit that is 
positioned on the skin of the patient or elsewhere or the lumen can be accessed to provide 
periodic infusions using a needle or the like.

Optionally, the cuff 102 can also include one or more electrode contacts or sensors that 
are used to detect or measure the state of the nerve, the state of the erectile dysfunction or other 
disorder, or the state of the patient. These electrode contacts or sensors can be observed by the 
stimulator unit or a separate control unit.
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An implantable stimulator may include an implantable stimulator unit (such as an 

implantable pulse generator), a cuff that is disposed around or near the nerve and contains 

electrode contacts, and a conductor coupling the implantable stimulator unit to the 

electrode contacts on the cuff.

5

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.

10

The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general 

15 knowledge in the field of endeavour to which this specification relates.

Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "includes" or "including", 

will be understood to imply the inclusion of a stated integer or step or group of integers or 

20 steps but not the exclusion of any other integer or step or group of integers or steps.
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CLAIMS

1. A stimulation system for a nerve, including:

a cuff configured and arranged to be placed, at least partially, around the

5 nerve; and

a plurality of electrode contacts disposed on the cuff such that distances 

between a first electrode contact within the plurality of electrode contacts and each of at 

least two of the electrode contacts that are immediately adjacent to the first electrode 

contact are different, wherein the first electrode contact within the plurality of electrode

10 contacts has a shorter length than at least one of the other electrode contacts.

2. The stimulation system of claim 1, wherein the distances between the 

electrode contacts are selected, based in part, on another distance, the other distance being 

between the nerve and a point on the first electrode contact.

15

3. The stimulation system of claim 1, wherein the plurality of electrode 

contacts further includes at least two groupings of electrode contacts within the plurality of 

electrode contacts, wherein each electrode contact is in, at most, one of the at least two 

groupings of electrodes and wherein distances between one electrode contact within one of

20 the at least two groupings and each electrode contact immediately adjacent to the one 

electrode contact within the same grouping are different.

4. The stimulation system of claim 3, wherein each electrode contact within 

one of the at least two groupings of electrode contacts is configured to operate independent

25 of another electrode contact within the same grouping.

5. The stimulation system of claim 3, wherein each electrode contact within 

one of the at least two groupings of electrode contacts is configured to be electrically 

coupled together with each electrode contact within the same grouping to operate

30 collectively.
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6. The stimulation system of claim 1, wherein electrode contacts

within the plurality of electrode contacts are arranged within a plurality of electrode 

contact arrays along the cuff, wherein each electrode contact is in, at most, one of the 

plurality of electrode contact arrays and wherein the distances between one electrode

5 contact array and each electrode contact array immediately adjacent to the one electrode 

contact array are different.

7. The stimulation system of claim 1, further including a stimulator unit 

coupled to the plurality of electrode contacts, wherein the stimulator unit is arranged to

10 provide a pre-pulse electrical neuromodulation via the plurality of electrode contacts.

8. A stimulation system for a nerve, including:

a cuff that is configured and arranged to be disposed over at least a portion 

of the nerve; and

15 at least a first electrode contact and a second electrode contact disposed on

the cuff side-by-side, wherein (A) a distance between the first and second electrode 

contacts is at a greater distance towards a center of the length of the electrode contacts than 

at each end of the electrode contacts or (B) a distance between the first and second 

electrode contacts is at a lesser distance towards a center of the length of the electrode

20 contacts than at each end of the electrode contacts, wherein each of the distances is a 

distance, d(y), measured between points on the first and second electrode contacts that are 

at same lateral positions, Y, along the cuff.

9. The stimulation system of claim 8, wherein the distance between the first

25 and second electrode contacts is at a greater distance towards a center of the length of the 

electrode contacts than at each end of the electrode contacts.

10. The stimulation system of claim 8, wherein the distance between the first 

and second electrode contacts is at a lesser distance towards a center of the length of the

30 electrode contacts than at each end of the electrode contacts.
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11. The stimulation system of claim 8, wherein the cuff includes a curved 

portion and a flat portion, the first and second electrode contacts being arranged along the 

curved portion of the cuff.

5

12. The stimulation system of claim 8, wherein the stimulation system further 

includes at least two groupings of electrode contacts wherein the first electrode contact is 

in a first grouping of electrode contacts, and wherein the second electrode contact is in a 

second grouping of electrode contacts.

10

13. The stimulation system of claim 8, further including:

a drug infusion unit coupled to the cuff by way of a lumen, the drug 

infusion unit being arranged to deliver a fluid through the lumen.

15 14. A method of stimulating a nerve, the method including:

disposing a cuff, at least partially, around the nerve, the cuff including at 

least a curved portion having a shape of a half-cylinder, a first flat portion extending from 

a first end of the curved portion, a second flat portion extending from a second end of the 

curved portion that opposes the first end, and a plurality of electrode contacts disposed on 

20 the curved portion of the cuff such that distances between a first electrode contact within 

the plurality of electrode contacts and a second electrode contact within the plurality of 

electrode contacts varies along a length of the first electrode contact;

coupling the cuff to a stimulator unit; and

providing electrical signals from the stimulator unit to the electrode contacts 

25 of the cuff to stimulate the nerve.

15. The method of claim 14, wherein the nerve is a vagus nerve and disposing 

the cuff around the nerve includes disposing the cuff around the vagus nerve.

30 16. The method of claim 14, wherein the nerve includes a cavernous nerve and

disposing the cuff around the nerve includes disposing the cuff around a neurovascular 

bundle including the cavernous nerve.
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17. The method of claim 16, wherein disposing the cuff, at least partially, 

around the nerve includes disposing the cuff around the cavernous nerve with the first flat 

portion disposed between the cavernous nerve and a rectum.

5

18. The method of claim 14, wherein providing electrical signals further 

includes providing a pre-pulse electrical signal to the electrode contacts.

19. The stimulation system of claim 1, wherein the cuff includes a curved

10 portion having a shape of a half-cylinder, a first flat portion extending from a first end of 

the curved portion, and a second flat portion extending from a second end of the curved 

portion that opposes the first end, and wherein the plurality of electrode contact arrays are 

disposed on the curved portion.

15 20. The stimulation system of claim 19, wherein at least one end of the second

flat portion extends beneath the curved portion and toward a center of the half-cylinder.

21. A stimulation for a nerve, substantially as herein described with reference to 

the accompanying drawings.

20
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