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SELF EXPANDING ELECTRODE CUFF
CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims priority under 35 U.S.C. §119(e) to U.S.
Provisional Patent Application Serial No. 61/049,927, filed on May 2, 2008, and

incorporated herein by reference.

TECHNICAL FIELD

[002] The invention relates generally to an implantable stimulation system for
stimulating - and monitoring soft tissue in a patient, and more particularly, the
invention relates to an expandable electrode cuff for positioning an electrode of

an implantable stimulation system about a nerve for stimulation and/or monitoring

of nerve tissue.

BACKGROUND

[003] Sleep apnea generally refers to the cessation of breathing during sleep.
One type of sleep apnea, referred to as obstructive sleep apnea (OSA), is
characterized by repetitive pauses in breathing during sleep due fo the
obstruction and/or collapse of the upper airway, and is usually accompanied by a

reduction in blood oxygenation saturation.

[004] One treatment for obstructive sleep apnea has included the delivery of
electrical stimulation to the hypoglossal nerve, located in the neck region under
the chin. Such stimulation therapy activates the upper airway muscles to
maintain upper airway patency. In treatment of sleep apnea, increased
respiratory effort resulting from the difficulty in breathing through an obstructed
airway is avoided by synchronized stimulation of an upper airway muscle or
muscle group that holds the airway open during the inspiratory phase of
breathing. For example, the genioglossus muscle is stimulated during treatment

of sleep apnea by a cuff electrode place around the hypoglossal nerve.

[005] Because of the significant amount of movement in multiple directions
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that can take place under the chin, positioning an electrode to enable stimulation
of the hypoglossal nerve becomes a significant challenge. - On the one hand,
placement of the electrode and lead in close proximity to the hypoglossal nerve
can result in irritation to the nerve as a result of normal motion of the chin and
neck, while on the other hand, without close adherence to the nerve, buildup of
connective tissue between the nerve and the electrode cuff and lead can occur,
causing low thresholds, thereby reducing the effectiveness of the delivered

stimulation by the device.

[006] Another challenge in placing an electrode for nerve stimulation therapy
relates to the tendency of the hypoglossal nerve to swell because the nerve is
disturbed while manipulating the nerve to implant the cuff electrode and/or whiie
securing the cuff electrode about the nerve. Once the cuff electrode secured on
the nerve, swelling of the nerve can result in excess pressure on the nerve by the
electrode and lead. In addition, once the electrode has initially been implanted,
fibrosis tends to cause the location of the electrode to become more fixed.
Therefore, during the first month following the implant of the lead and electrode, it
is desirable o keep the electrode cuff properly positioned on the nerve, while at
the same time not placing undue pressure on a swelling nerve. An additional
challenge in placing the electrode for nerve stimulation results from the fact that
stimulation currents should be confined fo the hypoglossal nerve in order to
prevent other nearby nerves or muscles from being stimulated, which would

result in patient discomfort and loss of sleep.
BRIEF DESCRIPTION OF THE DRAWINGS

[007] Aspects and features of the present invention will be appreciated as the
same becomes better understood by reference to the following detailed
description of the embodiments of the present disclosure when considered In

connection with the accompanying drawings, wherein:
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[008] FIG. 1 is a schematic diagram of an implantable stimulation system that
includes a self-expanding nerve cuff, according o an embodiment of the present

disclosure;

[009] FIG. 2 is a side view of a lead utilized in an implantable stimulation

system, according to an embodiment of the present disclosure;

[010] FIG. 3 is a perspective view of an expandable cuff electrode, according

to an embodiment of the present disclosure;

[011] FIG. 4 is a sectional view as taken along lines 44 of Figure 3,

according to an embodiment of the present disclosure;

[012] FIG. 5 is a sectional view as taken along lines 5—5 of Figure 3,

according to an embodiment of the present disclosure;

[013] FIG. 6 is a sectional view of the expandable cuff of FIG. 5 in an
intermediate open position, according to an embodiment of the present

disclosure;

[014] FIG. 7 is a sectional view of the expandable electrode cuff of FIG. 5 in a

fully open position, according to an embodiment of the present disclosure;

[016] FIG. 8 is a sectional view of an expandable electrode cuff In an
intermediate open position, according to an embodiment of the present

disclosure;

[016] FIG. 9 is a sectional view of an expandable electrode cuff in a larger
diameter, fully engaged position, according to an embodiment of the present

disclosure;

[017] FIG. 10 is a sectional view of an expandable electrode cuff in another
larger diameter, fully engaged position, according o an embodiment of the

present disclosure;
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[018] FIG. 11 is a sectional view of an expandable electrode cuff in a fully

engaged position, according to an embodiment of the present disclosure;

[019] FIG. 12 is a sectional view of an expandable electrode cuff in a fully

engaged position, according to an embodiment of the present disclosure;

[020] FIG. 13 is a sectional view of an expandable electrode cuff in a fully

engaged position, according to an embodiment of the present disclosure;

[021] FIG. 14 is a perspective view of an expandable electrode cuff, according

to an embodiment of the present disclosure;

[022] FIG. 15 is a sectional view as taken along lines 15—15 of FIG. 14,

according to an embodiment of the present disclosure;

[023] FIG. 16 is a sectional view of the expandable electrode cuff of FIG. 15
with an alternate outer flange member, according to an embodiment of the

present disclosure;

[024] FIG. 17 is a sectional view of an expandable electrode cuff, according o

an embodiment of the present disclosure;

[025] FIG. 18 is a sectional view of an expandable electrode cuff, according to

an embodiment of the present disclosure;

[026] FIG. 19 is a sectional view of an expandable electrode cuff of FIG. 18
with an alternate outer flange member, according o an embodiment of the

present disclosure;

[027] FIG. 20 is a sectional view of an expandable electrode cuff of FIG. 15 '
with another alternate outer flange member, according o an embodiment of the

present disclosure; and
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[028] FIG. 21 is a sectional view of an expandable electrode cuff of FIG. 18

with another alternate outer flange member, according to an embodiment of the

present disclosure.

DESCRIPTION OF EMBODIMENTS

[029] The following detailed description is merely exemplary in nature and is
not intended to limit the present disclosure or the application and uses of the
embodiments of the present disclosure. Furthermore, there is no intention to be
bound by any expressed or implied theory presented in the preceding technical

field, background, brief summary or the following detailed description.

[030] Embodiments of the present disclosure provide an electrode cuff that,
once engaged about a nerve via a re-closable opening, is automatically
expandable to accommodate increases in the diameter of a nerve while still -
maintaining contact between electrodes of the cuff against the nerve. Among
other features to be described, the electrode cuff includes a combination of
opposed. and/or overlapping flange -members that are biased to remain in
releasable contact with each other, and slidable movable reiative to each other,

to provide the automatic expandability without losing closure of the nerve within

the electrode cuff.

[031] These embodiments, and other embodiments, will be described in
association with FIGS. 1-21.

[027] FIG. 1 is a schematic diagram of an implantable stimulation system that
includes a self-expanding nerve cuff, according to an embodiment of the present
disclosure. As illustrated in FIG.1, an example of an implantable stimulation

system according to one embodiment of the present disclosure includes an
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implantable pulse generator (IPG) 55, capable of being surgically positioned
within a pectoral region of a patient 10, and a stimulation lead 52 electrically
coupled with the IPG 55 via a connector (not shown) positioned within a
connection port of the IPG 55. The lead 52 includes an electrode or electrode
system 65 and extends from the IPG 55 so that the electrode system 65 is
position around a desired nerve, such as the hypoglossal nerve 53 of the patient
10, to enable stimulation of the nerve 53, as described below in detail. An
exemplary implantable stimulation system in which lead 52 may be utilized, for
example, is described in U.S. Patent No. 6,572,543 to Christopherson et al.,-
incorporated herein by reference in its entirety, and further includes a sensor lead
57 electrically coupled to the IPG 55 and exiending from the IPG 55 so that a
sensor or transducer 60 can be positioned in the patient 10 for sensing of

respiratory effort.

[028] The sensor 60 may be a pressure sensor that is surgically implanted in a
region that has pressure continuity with the intrapleural space, such as the
suprasternal notch, the space between the frachea and esophagus, or by being
attached to either of the tfrachea or esophagus. The sensor 60 may also be
positioned intercostally, or secured in a position for sensing pressure at the
posterior side of the manubrium. The suprasternal nofch 62 and manubrium 63
of the sternum 64 are well known structures on the upper chest that are in
anatomical continuity with the intrapleural space. It is also well known that
changes in intrapleural pressure provide a ‘characteristic respiratory effort

waveform.

[029] The location for placement of the sensor 60 is, at least in part, chosen as
a function of a delay, i.e. the propagation time associated with a pressure
waveform characteristic of respiratory effort propagating from the respiratory
point of origin to the sensor position. The chosen location is also a function of
the amount of filtering necessary to achieve a usable sensed signal at a
particular location, i.e. the amount of filtering that is necessary to remove

waveforms other than the waveform associated with the desired sensed
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characteristic, such as the filtering required to remove cardiac waveform acitivity,
for example. The positioning of the sensor 60 enables the IPG 55 to receive
respiratory effort waveform information utilized to determine increased respiratory
effort, which is then used by the IPG 55 to control delivery of therapy in response

to determined increases in respiratory effort.

[030] FIG. 2 is a side view of a lead utilized in an implantable stimulation
system according to an embodiment of the present disclosure. In one
embodiment, as illustrated in FIG. 2, a lead 80 includes a lead body 82,
connector 88, and an expandable cuff electrode 90. The lead body 82 extends
from a proximal end 84 to a distal end 86, with the connector 88 being positioned
at the proximal end 84 of the lead body 82 for electrically connecting the lead 80
to the IPG 55. The expandable electrode cuff 90 is located at the distal end 86
of the lead body 82 and is configured to be positioned around a target nerve,
such as a hypoglossal nerve or other nerve. The electrode cuff 90 includes one
or more electrodes 92 embedded within a wall of the electrode cuff 90 so that
when the electrode cuff 90 is positioned around the nerve, the respective
electrodes 92 are in contact with the nerve. In one aspect, the lead body 82
includes conductors (not shown) extending within the lead body 82 to electrically
connect the electrodes 92 and the connector 88 so that the electrodes 92 are
electrically coupled to the IPG 55 via respective connector pins 94 of the

connector 88, as is known in the art.

[031] FIG. 3 is a perspective view of an expandabie electrode cuff 100,
according to one embodiment of the present disclosure, which can be deployed
in place of the cuff electrode 90 in lead 80. As illustrated in FIG. 3, cuff 100
includes a cuff body 101 and an array 102 of electrodes 103. In general terms,
the cuff body 101 defines a lumen 140 through which a target nerve will extend.
Among other features, the cuff body 101 includes a pair of resilient fingers 134,
150 (e.g., flange members) that have a generally arcuate shape and that extend
from a base portion 120 of cuff body 101. In general terms, by pulling the ends

of the resiliently, biased fingers 134,150 apart from each other, access to jumen
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140 is provided for engaging a target nerve. Upon release of the fingers 134,
150, the cuff body 101 resumes the shape illustrated in FIG. 3. As will be further
described later, once positioned on a nerve, the materials and construction of the
fingers 134, 150 permit automatic expansion of the size of lumen 140 fo
accommodate expansion of the size of the nerve encircled by the cuif body 101.
In this manner, the electrodes 103 are held in close contact against the nerve

while allowing for expansion of a diameter of lumen 140 defined between fingers
134, 150 and base 120.

[032] In one embodiment, the array 102 of electrodes 103 are embedded
within a wall of the cuff body 101 with the respeciive electrodes 103 spaced apart
from each other along a length of the cuff body 101. In some embodiments, as
illustrated in FIG. 3, the electrodes 103 are aligned in series along a single
longitudinal axis on a common side or portion of the cuff body 101. However, in
other embodiments, the electrodes 103 are staggered laterally relative to a single

longitudinal axis or arranged in other patierns. In one embodiment, electrode
103 has a width (W2) of about 0.050 inches.

[033] In some embodiments, cuff 100 additionally includes an outer flap or
flange member that is biased and configured to maintain releasable coverage of
at least a portion of an outer surface of the cuff body 101 and of the re-closable
opening 109 between the distal ends of fingers 134, 150, as will be described in
more detail in association with at least Figures 4-10. However, in other
embodim’en'ts', this outer flap is omitted. In either case, Figure 3 illustrates cuff
body 101 without an outer flap for illustrative clarity in viewing the features and
attributes of cuff body 101 that would otherwise be obscured by the presence of
an outer flap.

[034] FIG. 4 is a sectional view of the expandable electrode cuit 100, as taken
along lines 4—4 of FIG. 3, according to an embodiment of the present disclosure.
As illustrated in FIG. 4, cuff 100 defines lumen 140 and provides a row of spaced

apart electrodes 103 for contacting a nerve encircled by the cuff 100. Among
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other features, the cuff body 101 also includes a conductive coil 105 extending
through a length of the body portion 120 and positioned to electrically connect fo
each of the respective electrodes 103. In some embodiments, it is understood
that the coil 105 includes three separate coil components so that each electrode
103 is separately controllable via a respective one of the coil components to
enable applying independent stimulation signals to the nerve from each electrode
103. In addition, in another aspect, base portion 120 includes a proximal
extension 121 that extends proximally to mechanically connect the cuff body 101
to the lead body 82 while a proximal portion of the coil 105 is electrically
connected to a conductive element of lead body 82. In one aspect, this proximal
extension 121 serves as a strain relief to distribute forces from the lead body 82

to the electrode cuff 100 over a wider section of the lead body 82.

[035] In one aspect, each elecirode 103 includes a lower end fo which a
connector or crimp tube 107 (shown in FIG. 5) is mechanically and electrically
attached, with a portion of the electrode coil 105 being mechanically and
electrically connected to the crimp tube 107. In one non-limiting example, the
crimp tube 107 and elecirode 103 are metals suitable to be welded together to
effect their mechanical and electrical connection together. In one aspect, the
electrode is made from a biocompatible, non-corrosive electrically conductive
material. In one non-limiting example, the electrode Is made from a platinum-
iridium material, such as a material including 20% platinum and 10% iridium. In
another aspect, the coil 105 is made of a silver core MP35N type of conductor,
although other types of non-silver conductors may be used. The silver
component lowers the impedance of the lead, thereby providing a more efficient
lead. Because of the specific attributes of these conductive materials, the
material of the lead 82 is mechanically connected via crimping a portion of lead
82 to the crimp tube 107, thereby establishing the electrical connection between
the coil 105 and the electrode 103.

[036] FIG. 5 is a sectional view of an expandable electrode cuff as taken along

lines 5—5 of FIG. 3, according to an embodiment of the present disclosure. As
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iflustraied in FIG. 5, in one embodiment an expandable electrode cuff 100
includes a base portion 120, a first flange member 130, a second flange member
134, and a third flange member 150. The base portion 102 includes a top wall
122, a bottom wall 124, a first side wall 126, and a second side wall 128. The
second flange member 134 and the third flange member 150 comprise arcuate
shaped fingers that are shaped, biased, and have a length to define a generally
circular shaped lumen 140. The second flange member 134 extends generally
outward from the second side wall 128 and from the top wall 122 of the base
portion 120 with at least a portion of the second flange member 134 being
spaced apart from the top wall 122 of the base portion 120. On the other hand,
the third flange member 150 extends generally oufward irom the first side wall
126 and from the fop wall 122 of the base portion 120.

[037] In one aspect, the second flange member 134 has an arcuate length
substantially greater than an arcuate length of the third flange member 150. In
one embodiment, the second flange member 134 has an arcuate length
substantially greater than (such as 3 times longer) than an arcuate length of the
third flange member 150. Moreover, in another aspect, the second flange
member 134 includes a proximal portion 162 having a substantially greater width
(such as 3 to 5 times greater) than a width of a distal portion 136 of the second
flange member 134 and than a width of a distal portion 152 of the third flange

member 150, as will be later described in more detail.

[038] In some embodiments, the first flange member 130 includes a proximal
end 131 and a distal end or portion 132 with the proximal end 131 being bonded
to the third flange member 150 along a portion of an outer wall 152 of the third
flange member 150. The first flange member 130 has a length sufficient to
extend about, and be in releasable contact with, the periphery or outer surface of
both the third flange member 150 and a majority of a length of the second flange
member 134. In this arrangement, the first flange member 130 also extends
over, and is spaced apart from, the top wall 122 of the base portion 120. In some

embodiments, the first flange member 130 has an arcuate length equal to or

10
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greater than about one-half the circumference of an outer surface of the cuff 100
defined by the second and third flange members 134, 150. In this arrangement,
with the first flange member 130 extending coextensively with (and in releasable
contact with) a majority of the arcuate length of the second flange member 134,
the first flange member 130 is biased to maintain coverage across the
substantially re-closable opening 109 (between the distal ends 136, 152 of the
respective second and third flange members 134, 150) even when a diameter of

the lumen 140 increases.

[039] In one aspect, the free distal portion (including distal end 132) of the first
flange member 130 extends in a first direction or orientation opposite to the
direction (or orientation) in which the free distal portion (including distal end 136)
of the second flange member 134 extends. In this arrangement, with the first
flange member 130 and the second flange member 134 being biased in an
overlapping, releasably contacting relationship, each of the distal ends 132, 136
of the respective first and second flange members 130, 134 will move in opposite
directions upon expansion of the lumen 140 in response to a swollen nerve or
during positioning of the cuff 100 about a nerve, as will be further described in

association with at least FIGS. 9-10.

[040]1 In the expandable electrode cuff 100 of the embodiment of FIG. 5, the
base portion 120, second flange member 134 and the third flange member 150
are formed from a single, unitary molded piece, with the first flange member 130
bonded to the molded piece. In other words, this single, unitary moided piece
comprising the base member 120, second flange member 134, and third flange
member 150 forms a monolithic component to which the first flange member 130
is attached. In some embodiments, first flange member 130 is attached via an

adhesive (such as a polyurethane adhesive) or other bond.

[041] FIG. 5 also illustrates one of the electrodes 103 that Is embedded in cuff
body 101, as previously illustrated in FIGS. 3-4. As lllustrated in FIG. 5,

electrode 103 includes a proximal base portion 110, a body portion 111, and a

11
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distal hook portion 112 with the distal hook portion 112 defining a recess 114 that
exiends between a distal tip portion 115 and body portion 111. In one aspect,
each electrode 103 is a generally rigid member having electrically conductive
properties, as will be later described in more detail. As illustrated in FIG. 5, the
proximal base portion 110 is a generally straight portion while the body portion
111 extending distally from the base portion 110 includes a generally arcuate
shape approximating the radius of curvature of the inner wall 142 of cuff body
101 that defines lumen 140. In one aspect, the body portion 111 forms a
generally obtuse angle relative to the proximal base portion 110. In some
embodiments, the obtuse angle () falls-within a range of about 120 degrees to
about 140 degrees. In one embodiment, the obtuse angle (a) is about 130

degrees.

[042] In one embodiment, the arcuate length of the body portion 111 of
electrode 103 generally corresponds to about a 45 degree arc (as represented by
the arc B in FIG. 5) about the generally circular lumen 140. However, in some
embodiments, the arcuate length of the body portion 111 of electrode 103 falls
within a range that generally corresponds to about a 20 degree arc to about a 60
degree arc about the generally circular lumen 140 defined by cuff body 101.

[043] In some embodiments, at least the body portion 111 of electrodes 103
has a thickness of about 0.006 inches. In some embodiments, the combination
of the width W2 and the arcuate length (I.1) of the body portion 111 defines a
surface area available for contact against the farget nerve. By limiting the
arcuate length of the body portion 111 to a relatively short length that generally
corresponds to about a 45 degree arc of the lumen 140, the generally rigid body
portion 111 will be subject to little, if any, bending so that the body portion 111
and electrode 103 will be less likely to experience fracture or fatigue failures.
However, given the relatively short length of body portion 111, the body portion
111 (and the rest of the electrode 103) is configured with a substantial width.

12
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[044] In one embodiment, the aspect ratio of the length to width of the
electrode is about 1.2. However, in some embodiments, this aspect ratio can fall
within a range from about to about 1 to 1.5. In this way, a generally optimal
surface area of body portion 111 of electrode 103 is exposed to the nerve while
maintaining a length of body portion 111 below a threshold at which a fatigue
failure might be more likely to occur. In one aspect, the body portion 111 has a
length that is long enough to engage a substantial portion (at least 72 or a 45
degree arc) of a cross-section of the target nerve such that the exposed body
portion 111 is limited to a length that minimizes the likelihood of fatigue through
mechanical flexing while relatively maximizing the surface area of the exposed

body portion 111 to maintain safe current densities.

[045] In another aspect, during construction of the cuff 100, the cuff body 101
is molded in a manner to capture or embed the respective electrodes 103 within
a portion of the cuff body 101. During this molding process, the material
generally encapsulates the electrode 103, including filling in the recess 114 at the
distal hook portion 112 of the electrode 103. In some embodiments, cuff body
101 is formed or molded as a single, monolithic member. However, in other
embodiments, cuff body 101 is formed from two or more separate components.
In either case, the cuff body 101 is molded or constructed to securely maintain
electrode 103 within a fixed position relative to the remainder of the cuff body
102. In this regard, with the proximal base portion 110 of the electrode 103
extending within the base portion 120 and with the distal hook portion 112
extending within second flange member 134 at a location laterally spaced apart
from the proximal base portion 110 of electrode 103, this arrangement ensures
stability in the location of the electrode 103 relative to the cuff body 101.
Moreover, as illustrated in FIG. 5, body portion 111 of electrode 103 is embedded
within the thickest portion of the second flange member 134 so that cuff body 101
is substantially more rigid (i.e., less flexible) in the region of body portion 111 of
electrode 103. Moreover, with this arrangement, body portion 111 becomes
exposed at a lumen 140 to enable direct contact with a nerve extending through

lumen 140.

13
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[046] In one aspect, because the electrode 103, and in particular the body
portion 111, is made of a generally rigid material, the electrode 103 is
substantially less likely to be subject to bending and/or fatigue failures during use
within the body. Moreover, because the electrode is generally rigid and is
molded within the least flexible portion (e.g., the proximal portion 162 of second
flange member 134) of the cuff body 101 as described above, the electrode 103
will not be subject to delamination (as typically occurs in foil-based electrode
configurations of conventional electrode cuff arrangements) because the
proximal portion 162 of the second flange member’ 134 that incorporates the
body portion 111 and disial hook portion 112 of electrode 103 will not be subject
to bending relative to the electrode 103, as will be later described in more detall
in association with FIGS. 6-10, and FIG. 7 in particular. In one aspect, by full
embédding the electrodes 103 (except for the exposed side of body portion 111),

the cuff body 101 protects the nerve from the edges and corners of the electrode.

[047] As described below in reference to FIGS. 5-10, the electrode cuff 100 is
expandable both during implantation of the electrode cuff 100 (and associated
lead 80), and is also automatically expandable (in response to a change in nerve
diameter) after the electrode cuff 100 is positioned around a desired nerve for

delivery of electrical stimulation therapy to the nerve, as was previously
described in reilation to FIGS. 3-5.

[048] During it's normal, unbiased state, prior to insertion around the nerve,
the electrode cuff 100 is in a fully engaged position (shown in FIG. 5) in which,
the second flange member 134 extends generally upward and outward from the
second side wall 128 and over (i.e. above and spaced apart from) the top wal
122 of the base portion 120 with the distal end 136 terminating adjacent the distal
end 152 of the third flange member 150. In this fully engaged position, the third
flange member 150 extends generally upward and outward from the first side
wall 126 and from the top wall 122 of the base portion 120 such that the third
flange member 150 does not extend over the top wall 132. In one embodiment,

the distal end 136 of the second flange member 134 is positioned adjacent to
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and in releasable contact against the distal end 152 of the third flange member
150 while in other embodiments, the respective distal ends 136 and 152 are in
close proximity but do not contact each other. In general terms, these respective
ends meet at a location along the first flange member 130 closer to the proximal
end 131 than the distal end 132 of the first flange member 130. Together, the
distal ends 136, 152 of the respective second and third flange members 134, 150
form a substantially re-closable opening 109 that provides selective access to
lumen 140 and that generally maintains a nerve securely within the lumen 140,
uniess affirmative steps are taken to remove the electrode cuff 100 from the

nerve.

[049] In another aspect, while in this fully engaged position illustrated in FIG.
5, with the attachment of its proximal end 131 to the third flange member 150, the
first flange member 130 extends generally outward from the first side wall 126 of
the base portion 120 to be coextensive with and in releasable contact with an
outer side wall 147 of the third flange member 150. It will be understood that the
region of attachment of the first flange member 130 to the third flange member
134 extends over a significant portion of a length of the third flange member 150
to ensure a robust attachment. From this region, the first flange member 130 -
extends further over (e.g. above and spaced apart from) the top wall 122 of the
base portion to be coextensive with, and in releasable contact with, an outer side
wall 146 of the second flange member 134 until the distal end 132 terminates
adjacent the top wall 122 of the base portion 120 on the second side 128 of the

base portion.

[050] In one aspect, the first flange member 130 has a length greater than a
length of the second flange member 134 so that when the electrode cuff 100 is In
the fully engaged position, the first, second and third flange members 130, 134
and 150 form a lumen 140 for receiving a nerve therein. With this in mind, an
inner side wall 141 of the second flange member 134 and an inner side wall 154
of the third flange member 150 act together to form an inner wall 142 of the

lumen 140 so as to position the electrodes 103 (shown in FIGS. 3-5), which are
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embedded within the second flange member 134, adjacent to the nerve (not
shown in FIG. 3). In addition, when the electrode cuff 100 is in the fully engaged
position shown in FIG. 5, an inner side wall 144 of the first flange member 130 is
positioned in releasable contact against the outer side wall 146 of the second
flange member 134 and against the outer side wall 147 of the third flange
member 150. With this arrangement, an outer wall 148 of the first flange
member 130 forms an outer wall 143 of the lumen 140. In this way, when the
electrode cuff 100 is in the fully engaged position shown in FIG. 5, both the first
flange member 130 and the second flange member 134 extend over (e.g., above
and spaced apart from) the base portion 120 such that the first flange member
130 fo}ms an outer layer of the electrode cuff 100, and such that the second and
third flange members 134 and 150 form an inner layer of the electrode cuff 100

for engaging the nerve.

[061] Depending on the size of the nerve about which the cuff 100 is mounted,
the electrode cuff 100 may be either in the fully engaged position of FIG. 5 orin a
partially fully engaged position (FIGS. 8-10), which occurs in the event that the
cuff automatically expands in size to accommodate a larger sized diameter nerve
or a swollen nerve. In a partially fully engaged position, the general configuration
of the electrode cuff 100 remains generally the same as the fully engaged
position except that, because the first flange member 130 is slidably movable
relative to the second flange member 134 and because the generally flexible,
distal portion of the second flange member 134 permits rotational movement of
the second flange member 134 away from the third flange member 150, the
distal end 132 of the first flange member 130 will be positioned along the outer
side wall 146 of the second flange member 134 in a location spaced further away
- from the second side wall 128 than shown in FIG. 5. Likewise, upon rotation of
the second flange member 134 away from the third flange member 150, the
substantially re-closable opening between the distal end 136 of the second
flange member 134 and the distal end 152 of the third flange member 150 will at
least partially open as a gap between the distal ends 136, 152, as will be further
described below. Nevertheless, despite this gap, in the partially fully engaged
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position the lumen 140 remains generally closed because the first flange member
130 has a length sufficient to still extend across the gap (in the substantially re-
closable opening) between the respective distal ends 136, 152 and to extend
further over (and in releasable contact with) substantial remaining portions of the

second flange member 134.

[052] In some embodiments, the respective flange members 130, 134, 150 are
configured with a relative thickness, shape, and sufficient flexibility (in the
resilient materials forming them) such that a force that would cause the cuff
electrode 109 to expand to a larger diameter size is less than the capillary blood
flow pressures in the vessels along the nerve. In one aspect, this arrangement

ensures that the cuff electrode 100 will not restrict blood flow to the nerve.

[053] FIG. 6 is a sectional view of the expandable cuff of FIG. 5 in an
intermediate open position, according to an embodiment of the present
disclosure. As illustrated in FIG. 6, during positioning of the electrode cuff 100
over the desired nerve so that the nerve can be properly located within the lumen
140, the electrode cuff 100 is advanced from the fully engaged position shown in
FIG. 5, to an intermediate open position shown in FIG. 6. In this infermediate
position, beginning with distal end 132, the first flange member 130 is pulled in a
first direction (represented by arrow A) away from the second side wall 128 of
base portion 120 and away from the second flange member 134 to cause the
distal end 132 of the first flange member 130 to extend generally outward in an
opposite direction from the first side wall 126 of the base portion 120. As a
result, when the electrode cuff 100 is in the intermediate open position, the first
flange member 130 is positioned so as to not extend over (e.g. above and
spaced apart from) the top wall 122 of the base portion 320. However, in this
position, the lumen 140 remains generally closed because the second flange
member 134 remains positioned to extend over the top wall 122 of the base
portion 120, with the distal end 136 of the second flange member 134 terminating
adjacent to the distal end 152 of the third flange member 150. Finally, when the
cuff 100 is in the intermediate open position of FIG. 8, the inner side wall 144 of
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the first flange member 130 is no longer positioned over and adjacent to the

outer side wall 146 of the second flange member 134.

[0564] FIG. 7 is a sectional view of the expandablé.electrode cuff of FIG. 5 in a
fully open position, according to an embodiment of the present disclosure. As
illustrated in FIG. 7, once the electrode cuff 100 is in the intermediate open
position, the distal end 136 of the second flange member 134 is moved away
from the distal end 152 of the third flange member 150 in a second direction
(opposite the first direction A in FIG. 6). With this maneuver, a majority of the
second flange member 134 is rotated away from third flange member 150 (as
represented by directional arrow R) to no longer extend over or above the top
wall 122 or above the first side wall of the base portion 120. In this arrangement,
the distal end 136 of the second flange member 134 extends outward in the
opposite direction from the second side wall 128 of the base portion 120,
resulting in the inner wall 142 of the second flange member 134 no longer
forming the lumen 140 when the electrode cuff 100 is in the fully open position of
FIG. 7. In addition, in this position, the large gap in the re-closable opening 109
defined between the distal ends 136, 152 of the respective second and third
flange members 134, 150 facilitate installation of the cuff 100 about a nerve.
Accordingly, when the electrode cuff 100 is in the fully open position, this
configuration includes: (1) neither the first flange member 130 nor the second
flange member 134 being positioned to extend over the top wall 122 of the base
portion 120 of the electrode cuff 100; (2) the inner side wall 144 of the first flange
member 130 no longer overlapping (or near) the outer side wall 146 of the
second flange member 134; and (3) the inner side wall 141 of the second flange
member 134 no longer defining the inner wall 142 of the lumen 140 (because the
lumen 140 is temporarily deconstructed).

j055] In this way, by enabling the elecirode cuff 100 to be advanced between
the fully engaged position (FIG. 5), the intermediate open position (FIG. 6), and
the fully open position (FIG. 7), the electrode cuff 100 can be more easily

positioned over a nerve during implantation of the lead 80.
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[056] As can be seen in FIGS. 5-7, the second flange member 134 according
to one embodiment has a first thickness (T1 at 160) along a proximal end 162 of
second flange member 134 located adjacent the top wall 122 of the base portion
120 along the second side wall 128, and has a second thickness (T2 in FIG. 7),
less than the first thickness (T1 at 160), at the distal end 136 of the second
flange member 134. In this arrangement, the second flange member 134 Is
tapered in thickness from the proximal end 162 to the distal end 136. Similarly,
the third flange member 150 has a first thickness (T3 at 164 in FiG. 5) along a
proximal end 166 located near the top wall 122 of the base portion 120 along the
first side wall 126, and a second thickness (T4 in FIG. 7), less than the first
thickness 164, at the distal end 152 of the third flange membér 150. In this
arrangement, the third flange member 150 is tapered in thickness from the
proximal end 166 to the distal end 152. While the inner flange member 134 of
FIGS. 5-7 is shown to be tapered, it is understood that the inner flange member
134, inner flange member 150, and/or the outer flange member 130 could be
formed without being tapered. As described above, with the proximal portion 162
of the second flange member 134 being substantially less flexible than the distal
end 136, the second flange member 134 is biased to maintain the curved shape
defining lumen 140 while still permitting selective opening of the re-closable
opening 109 via maneuvering the distal end 136 relative to the third flange

member 150.

[067] In one embodiment, the flange members 130, 134, 150 described above
are formed from polyurethane, silicon or a blend of polyurethane and silicon.
Furthermore, according to some embodiments, one of the flange members could
be formed of polyurethane while the other is formed of silicon. [If formed from
silicone, then the durometer of the flange material range would be within a range
of approximately 40A — 70A. In some embodiments, the thickness of the flange
material would be from approximately 0.005 inches to 0.025 inches. Nominally, if
the flange is formed of a polyurethane material having a durometer of
approximately 85A, the flange would be 0.0075 inches thick. In the embodiment
of FIGS. 5-7, the inner flanges 134, 150 are formed from molded polyurethane

19



CA 02722982 2010-10-28
WO 2009/135138 PCT/US2009/042539

and the outer flange 130 is formed from a portion of a polyurethane tubing. In
either embodiment, the polyurethane is formed to have a "memory” that enables
the flange members to be biased towards the fully engaged positioned. In some
embodimenis, the lumen 140 will have an inner diameter between 0.050 and
0.400 inches, while according to one embodiment, the inner diameter Is

approximately 0.140 inches in the fully engaged position.

[058] If the inner flange members 134, 150 are tapered, their respective
proximal portion 162, 166 have a thickness of approximately 0.025 to 0.030
inches, and their respective distal ends 136, 152 have a thickness of
approximately 0.001 to 0.010 inches. In addition fo the features described
above, in one embodiment, by providing a relatively thicker base or proximal end,
this arrangement provides a strong mechanical connection relative to the base
portion 120 and also provides the needed thickness to hoid, and provide strain
relief, for the electrodes 103. According to one embodiment, the distal end 136 of
second flange member 134 has a thickness of about 0.005 inches. Similarly, In
one embodiment, the distal end 152 of the third flange member 150 has a
thickness of about 0.005 inches.

[0569] FIG. 8 is a sectional view of the expandable electrode cuff of FIG. 5 in an
intermediate open position, according to an embodiment of the present
disclosure. As illustrated in FIG. 8, depending upon the circumference of the
nerve, the nerve will become positioned over the top wall 122 of the base portion
120 of the electrode cuff 110, adjacent to the third flange member 150, and
against body portion 111 of electrode 103 at the proximal portion 162 of second
flange member 134. Accordingly, once the second flange member 134 is
positioned about the nerve during the advancement of the electrode cuif 100
from the fully open position of FIG. 7 to the intermediate open position, then the
distal end 136 of the second flange member 134 will be positioned to be spaced
further above the proximal end 131 of the first flange member 130 and the distal
end 152 of the third flange member 150 (than when the electrode cuif 100 is In

the intermediate open position of FIG. 6). This arrangement results in a
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substantial gap forming in the re-closable opening 108. In this way}, the size of
the lumen 140 can be increased relative to when the electrode cuff 100 is in the
intermediate open position of FIG. 6 to accommodate the size of the nerve during
posifioning of the electrode cuff 100.

[060] FIG. 9 is a sectional view of the expandable electrode cuff of FIG. S in a
fully engaged position, according to an embodiment of the present disclosure,
when cuff 100 is deployed on a larger diameter nerve as noted in association
with FiG. 8. Similarly, during the advancement of the electrode cuff 100 from the
intermediate open position of FIG. 8 to the fully engaged position during implant
of the electrode cuff 100, first flange member 130 is allowed to return, via the
biasing action, to its at-rest configuration to extend coextensively with (and in
releasable contact with) the second flange member 134 and also cover the re-
closable opening 109. Moreover, the distal end 132 of the outer flange member
130 may be positioned along the outer side wall 146 of the second flange
member 134 {o be spaced further away from the second side wall 128 than when
the electrode cuff 100 is in the fully engaged position of FIG. 5, and {o be above,
rather than below the top wall 132 of the base portion 120 (as in FIG. 3). As a
result, the diameter of the lumen 140 is increased relative to when the electrode
cuff 100 is in the fully engaged position of FIG. 5 prior to being implanted, to
accommodate the size of the nerve. Therefore, as illustrated in at least FIGS. 8-
9. in order to accommodate the size of the nerve, the first flange member 130
and second flange member 134 are movable in oppositely-oriented directions to

allow an increase in the diameter of the lumen 140.

[061] FIG. 10 is a sectional view of the expandable electrode cuff of FIG. 9,
according to an embodiment of the present disclosure. As illustrated in FIG. 10,
according to one embodiment, in order to address the effecis of swelling of the
hypoglossal nerve that may sometimes occur, particularly after the initial trauma
associated with implanting the electrode cuff 100, the first and second flange
members 130 and 134 are expandable so that the circumference of the lumen

140 formed by the electrode cuff 100 can be increased to accommodate
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increases in the diameter of the nerve that occur subsequent to the initial
positioning of the expandable electrode cuff 100 about the nerve, as illustrated in
FIG. 9. For example, during swelling of the nerve subsequent deploying the
electrode cuff 100 about the nerve and implanting the rest of the lead 80, the first
flange member 130 and the second flange member 134 slidably move In
opposite directions relative to each other as lumen 140 expands to accommodate
the increased diameter of the nerve. During this expansion, the distal end 132
of the first flange member 130 becomes positioned to be spaced further away
from the second side wall 128 of the base portion 120, and to be even iurther
above, rather than below, the top wall 122 of the base portion 120 than when the
electrode cuff 100 was initially positioned about the nerve to the position
illustrated in FIG. 9. At the same time, during this expansion of lumen 140, the
second flange member 134 rotates away from the third flange member 150 such
that the distal end 136 of the second flange member 134 becomes positioned to
be spaced further above the distal end 152 of the third flange member 150, and
to be further away from the first side wall 126 and the top wall 122 of the base
portion 120, thereby further increasing the size of the lumen 140 to
accommodate the swelling. As a result, there is a further increase in the size of
the gap of re-closable opening 109. Nevertheless, as illustrated in FIG. 10, with
first flange member 130 still covering (i.e., extending across) this re-closable
opening 109, closure of lumen 140 about the nerve is maintained so that contact
is mainfained between the body portion 111 of electrodes 103 and the nerve, yet
without placing undue pressure on the nerve. As the swelling of the nerve
subsides some period of time after implanting the lead 80 and cuff 100, the first
and second flange members 130 and 134 return towards the original fully
engaged position about the nerve that occurred during positioning of the
electrode cuff 100 at the time of implant of the lead 80 and electrode cuff 100,
such as is illustrated in FIG. 9.

[062] By forming the first and second flange members 130, 134, described
above, to extend over the base member 120 so that each of the flange members
130, 134 extend from a proximal end (e.g., 131 and 162, respectively) located on
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one side of the base member to a distal end (e.g., 132 and 136, respectively)
located along the other side of the base member, the electrode cuff will continue
to be positioned completely around the nerve. This overlapping, slidably
movable relationship between the first flange member 130 and the second flahge
member 134 and the overlapping relationship between the first flange member
130 and the third flange member 150 prevents open gaps from being formed
between the distal ends 136, 152 of the respective flange- members 130, 134,
150 as the nerve swells. Rather, the first and second flange members 130, 134
described above enable the expansion of the :ﬂangé members, as warranted, to
accommodate increasing the diameter 6f the lumen 140 in order to maintain
enclosure of the nerve within the lumen. In this way, using the electrode cuff 100
described above, the opportunity for a portion of the nerve to become displaced
external to the lumen 140 is minimized because the electrode cuff 100 is able to

more effectively accommodate such swelling of the nerve.

[063] In general terms, the interrelationship between a combination of the first
flange member 130, second flange member 134, and third flange member 150
provides an electrode cuff that remains securely engaged about a nerve but that
also automatically adjusts its diameter to accommodate a swollen nerve or
nerves that have a larger diameter. In one aspect, this combination of the
respective interacting flange members 130, 134, 150 achieves the secure fixation
and automatic adjustability of the electrode cuff 100 without using a clamp,
buckle, hinge/pin found in conventional é!ectmde cuffs. Rather, the spatial
arrangement and selective overlapping relationship between the respective
flange members, as well as the resilient (e.g., configured to generally maintain or
return to a pre-formed shape) material forming those flange members and the
tapered configuration of the respective flange members 134, 150, enables the
electrode cuff 100 to provide the secure fixation andf/or automatic sizing
adjustment (i.e., both the expandability and the contraction to a minimum
diameter) that maintains efficacious nerve contact while minimizing undue

pressure on the nerve.
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[064] FIG. 11 is a sectional view of an expandable electrode cuff 260,
according to an embodiment of the present disclosure. In one embodiment, this
expandable electrode cuff 260 comprises substantially the same features and
atiributes as the electrode cuff 100 that was previously described in association
with FIGS. 5-10, except for the presence of a recess 270 in an inner wall portion
142 of the lumen 140 and the recessed position of a body portion 282 (like body
portion 111 in FIG. 5) of an electrode 280 embedded within the cuff body 101. In
addition, in some embodiments, instead of having a distal hook portion 112 as in
the cuff 100 of FIGS. 5-10, electrode 280 omits a distal hook portion. However,
at its proximal end, the electrode 280 does not terminate with the proximal base
portion 284 (like proximal base portion 110 in FIG. 5) Instead, as illustrated in
FIG. 11, the electrode 280 additionally includes a lateral portion 286 that extends
laterally and generally perpendicular to the proximal base portion 280 In a
direction generally opposite from the direction in which the body portion 282
extends laterally outwardly from the proximal base portion 280.

[065] In one aspect, the configuration of the body portion 282 and the lateral
portion 286 being at opposite ends of the base portion 284, and extending
outwardly in opposite directions relative to the base portion 284, provides a mulii-
directional shape that anchors electrode 280 securely relative to the base portion
120 and second flange member 134 of cuff 100 upon molding the cuff 100 about
the electrode 280.

[066] It is also understood that in some embodiments, the configuration of the
electrode 280 in the embodiment of FIG. 11 can be substituted for the electrode
103 in the embodiments of FIGS. 5-10, whether the recess 270 is present or

absent.

[067] FIGS. 12-13 are sectional views of expandable electrode cuffs 300, 400,
according to some embodiments of the present disclosure. In one embodiment,
the respective electrode cuffs 300, 400 include at least substantially the same

features and attributes of the electrode cuff 100 as previously described in
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association with FIGS. 5-10, except for modifying the relative lengths of the
second flange member and the third flange member and for modifying a length

and position of a first flange member relative to the base portion of the electrode
cuff 300.

[068] As illustrated in FIGS. 12, electrode cuff 300 includes a second flange
member 334 that is generally shorter (than the second flange member 134 of
FIG. 5) and a third flange member 350 that is generaily longer (than the third
flange member 150 in FIG. 5) such that a point of releasable contact (such as the
re-closable opening 139) between the respective distal ends 336, 352 of these
flange members is generally spaced farther above the top wall 122 of base
portion 120. In one non-limiting aspect, by providing a different point (in
comparison to the cuff 100 of FIG. 5) of re-closable opening 309 for the second
flange member 334 and the third flange member 350 to provide access to lumen
140, electrode cuff 300 provides a configuration that may be more suitable to
deployment in different anatomical environments than electrode cuff 100 and/or
that is more suitable to modified deployment technigues to engage a target
nerve. It will be understood that at the time of construction one can select the
relative lengths of the second and third flange members 334, 350 to effectively
select the point of releasable contact via re-closable opening 309 between the
distal ends 336, 352 of the second and third flange members 334, 350 at many

desired location within along the circumference of the lumen 140.

[069] In addition, in some embodiments, the length of the first flange member
330 is increased (in comparison to a length of first flange member 130 in FIG. 5)
so that the distal end 332 of the first flange member 430 terminates along the first
side wall 126 instead of terminating along a proximal end 162 of second flange
member 134 as In embodiment of FIG. 5. Accordingly, in this arrangement,
extending from its proximal end 331, the first flange member 334 extends
alongside the third flange member 350, around the entire second flange member
334, along the second side wall 128 and bottom wall 124 of the base portion 120
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before terminating along the first side wall 126 of base portion 120. In this
releasably secured position, the distal end 332 of first flange member 330 is
located below, and spaced apart from, the proximal end 331 of the first flange

member 330.

[070] As illustrated in FIG. 12, in some embodiments, the first flange member
330 is pre-formed to include a transition region 335 configured to substantiaily
match the contour of the transition between the second flange member 334 and
the second side wall 128 of the base portion 120. This arrangement facilitates
maintaining releasably secure contact of the first flange member 330 against the
second flange member 334 and base portion 120. Moreover, in some
embodiments, the first flange member 330 also is pre-formed to include a distal
cap region 333 configured to substantially match the generally arcuate contour of
the bottom wall 124 of the base portion 120 (as it extends between first side wall
126 and the second side wall 128). This arrangément facilitates maintaining
releasably secure contact of the first flange member 330 against the base portion
120. Accordingly, the extra length and pre-formed shape of the first flange
member 330 provides a more secure arrangement in which the distal end 331 of
first flange member 330 cannot be automatically, slidable movable relative to the

second flange member 334.

[071] However, it is understood that the extra length of the first flange member
330 can be provided as shown in FIG. 12 without requiring that the transition
region 335 and the distal cap region 333 be pre-formed to match the contour of
the reciprocating shape portions of the base portion 120 or the second flange

member 334.

[072] FIG. 13 is a sectional view of an electrode cuif 400, according fo an
embodiment of the present disclosure. In one embodiment, electrode cuff 400
includes substantially the same features and attributes as the embodiment of
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