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SPIRAL CONFIGURATIONS FOR INTRAVASCULAR LEAD STABILITY

TECHNICAL FIELD

[001] The present invention relates to medical electrical leads for
nerve or muscle stimulation and their configurations. More specifically, the
present invention relates to medical electrical lead configurations for
stabilizing leads in an intravascular location adjacent a nerve to be stimulated.

BACKGROUND

[002] A significant amount of research has been directed both to the
direct and indirect stimulation of nerves including the left and right vagus
nerves, the sympathetic and parasympathetic nerves, the phrenic nerve, the
sacral nerve, and the cavernous nerve to treat a wide variety of medical,
psychiatric, and neurological disorders or conditions. More recently,
stimulation of the vagus nerve has been proposed as a method for treating
various heart conditions, including heart failure.
[003] Typically in the past, nerve stimulating electrodes were cuffs
placed in direct contact with the nerve to be stimulated. A much less invasive
approach is to stimulate the nerve through an adjacent vein using an
intravascular lead. A lead including one or more electrodes is inserted into a
patient's vasculature and delivered to a site within a vessel adjacent a nerve
to be stimulated. However, without any additional means of stabilizing the
lead within the vein, the lead can move and/or rotate causing the electrodes
to migrate from the stimulation site.

OBJECT OF THE INVENTION
[004] it is an object of the present invention to substantially overcome

or at least ameliorate one or more of the above disadvantages.

5712614-1:EEB
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SUMMARY

[004] There is disclosed herein a medical electrical lead for
stimulating a vagus nerve, wherein the lead is adapted to be delivered to a
stimulation site within an internal jugular vein having a vessel wall adjacent to
the vagus nerve, the lead comprising:

a proximal end adapted to be connected to a pulse generator;

a lead body including a distal portion comprising a first
continuous spiral, a second continuous spiral, and a generally straight portion
occurring between the first spiral and the second spiral, wherein the first and
second spirals are adapted to transition between a collapsed configuration
and an expanded configuration sized and shaped for securing and stabilizing
the lead at the stimulation site in the internal jugular vein, and wherein in the
expanded configuration the spirals are generally aligned with one another and
have a predetermined effective outer diameter ranging from 5 to 50% greater
than an inner diameter of the internal jugular vein such that the spirals are
adapted to impart a lateral force on the vessel wall to urge the vessel wall in
an outward direction towards the vagus nerve and wherein the generally
straight portion is configured to extend generally parallel to a longitudinal axis
of the lead body and to the vagus nerve when the lead is implanted in the
internal jugular vein;

one or more conductors extending within the lead body
including the distal portion; and

one or more electrodes adapted to deliver an electrical pulse
transvascularly to the nerve to be stimulated located on the distal portion and
operatively coupled to the one or more conductors, each of the one or more
electrodes comprising a masked portion and an unmasked portion, wherein
when the distal portion is in the expanded configuration, the unmasked
portion of at least one electrode is located on an outer circumference of the
first spiral or the second spiral such that the unmasked portion of the at least
one electrode is adapted to be oriented in a direction towards the vagus nerve
and to be placed in contact with the vessel wall adjacent to the vagus nerve
and the masked portion is located on an inner circumference of the spiral and
is adapted to be oriented away from the vagus nerve.

-2-
5712614-1:EEB
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[005] According to one embodiment, the present invention is a
medical electrical lead for stimulating a nerve. The lead is adapted to be
delivered to a stimulation site within a vessel adjacent to the nerve to be
stimulated and includes: a proximal end adapted to be connected to a pulse
generator; a lead body including an expandable distal portion for securing and

stabilizing the lead at the stimulation site; and one or more electrodes located

on the distal portion. The distal portion includes at least one spiral having a
predetermined effective diameter, wherein the spiral is configured to expand
and frictionally engage at least one vessel wall. One or more electrodes
located on the distal portion are adapted to deliver an electrical pulse
transvascularly to the nerve. When the distal portion expands, at least one
electrode is placed in close proximity to the nerve to be stimulated.

[006] According to another embodiment, the present invention is a
method for stimulating a nerve or muscle from an adjacent vessel using an

intravascular medical electrical lead including an expandable distal portion

having one or more spirals for securing and stabilizing the lead at the

stimulation site. The method includes:

-2a-
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collapsing the distal portion; delivering the distal portion of the lead to a
stimulation site located within an adjacent vessel to the nerve; and stimulating
the adjacent nerve. The lead is connected to a pulse generator and includes
one or more electrodes located on the distal portion. At least one electrode is
adapted to deliver an electrical pulse transvascularly to the nerve or muscle to
be stimulated.

[007] While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent to those skilled in
the art from the following detailed description, which shows and describes
illustrative embodiments of the invention. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature and not

restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] Preferred embodiments of the invention will be described
hereinafter, by way of examples only, with reference to the accompanying
drawings.

[009] FIG.1 is a schematic drawing of a lead deployed in a patient’s
internal jugular vein at a location adjacent the vagus nerve according to an
embodiment of the present invention.

[010] FIG. 2 is a close-up, schematic view of a lead deployed in a
patient's internal jugular vein as shown in FIG. 1 according to an embodiment
of the present invention.

[011] FIG. 3 is a schematic view of a lead deployed in a patient’s
internal jugular vein inserted through a superior access site according to
another embodiment of the present invention.

[012] FIG. 4 is a schematic view of a lead deployed in a patient’s
brachiocephalic vein according to another embodiment of the present
invention.

[013] FIG. 5 is a schematic view of a lead deployed in a patient’s
superior vena cava according to another embodiment of the present
invention.

[014] FIG. 6 is a perspective view of a lead according to an
embodiment of the present invention.

-3-
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[015] FIGS. 7A-7B show side views of a distal portion of a lead
according to various embodiments of the present invention.

[016] FIG. 8 is a close-up, schematic view of a distal portion of a lead
depioyed in a vessel according to an embodiment of the present invention.
[017] FIG. 9 is a side view of a distal portion of a lead according to an
embodiment of the present invention.

[018] FIG. 10 is a side view of a distal portion of a lead according to
another embodiment of the present invention.

[019] FIG. 11 is a close-up schematic view of a distal portion of a lead
as shown in FIG. 9 deployed in a vessel according to an embodiment of the

present invention.

DETAILED DESCRIPTION

[020] While the embodiments described herein generally refer to
placement of a lead into the right internal jugular vein through the left or right
subclavian vein, the various embodiments of the present invention as
described below can be practiced at numerous sites within a patient's
vasculature system. Any intravascular site that is adjacent to a nerve,
muscle, or brain tissue that has the potential to benefit from stimulation is a
potential site for stimulation. The term “vessel” includes all veins and arteries
of the circulatory system. Additionally, the term “vessel” includes various
structures of the lymphatic system, including lymph nodes, ducts, capillaries,
and vessels. Likewise, as used herein, the term “vessel” also includes the
various tube-like structures of the gastrointestinal system. The terms “nerve”
and "nerve fiber" as used herein include a single neuron, nerve, nerve
ending(s), or nerve bundle. The term “intravascular" means within the venous

or arterial.
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circulatory system, including vessels of all types and descriptions.
When referring to "intravascular stimulation" in describing the
embodiments of the present invention, it is meant to refer to stimulation
from within the circulatory system resulting in (transvascular)
stimulation of a nerve, muscle, or tissue of interest. The term
"transvascular" means across a vessel or vessel wall. "Stimulation"
means a stimulus, usually electrical, which causes depolarization of a
cell or cells, or portion of a cell, contraction, excitation as measured by,
e.g., calcium or sodium influx into the cell, or an altered membrane
potential across a cell.

[022] Vessels of sufficient diameter for catheter access which
are known to have nerves running adjacent to or nearby are suitable
candidates for potential stimulation sites. Exemplary sites include, but
are not limited to, the following: the left and right internal jugular veins,
the azygous vein, the brachiocephalic (innominate) vein, the subclavian
vein, the superior vena cava, the pulmonary artery, and cardiac branch
vessels. Other potential stimulation sites include, but are not limited to,
the following: the thoracic duct, the bile duct, and sites along the upper
gastrointestinal and lower gastrointestinal tracts. Exemplary nerves to
be stimulated include, but are not limited to, the following: the left and
right vagus nerves, the phrenic nerve, the parasympathetic nerves, the
sympathetic nerves, and the sacral nerve.

[023] FIG. 1 shows a perspective view of a patient’s vascular
system 2 showing a lead 6 deployed within the system 2. FIG. 2 is an
exploded view of the lead 6 deployed within the system 2. In general,
the vascular system 2, as shown, includes the right and left external
jugular veins 10 and 14, the right and left internal jugular veins 18 and
22, the right and left subclavian veins 26 and 30, portions of which are
generally aligned with the right and left vagus nerves 34 and 38. As
shown in FIGS. 1 and 2, a lead 6 is inserted into a patient’s vasculature
system through the left subclavian vein 30 and into the right internal
jugular vein 18. According to one embodiment, as shown in FIG. 3,

the lead 6 can be inserted via percutaneous stick through a superior
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site 40 in the internal jugular vein 18. Alternatively, the lead 6 can be
inserted via percutaneous stick from an inferior site. Finally, the lead 6
can be inserted and advanced into the vasculature system using a
same side approach via the right subclavian vein 26. The lead 6 is
positioned in the right internal jugular vein 18 adjacent to the right
vagus nerve 34.

[024] FIGS. 4 and 5 show the lead 6, according to
embodiments of the present invention, deployed within alternative
locations in a patient’s vasculature for stimulating the vagus nerve 34.
According to one embodiment, as shown in FIG. 4, the lead € is
inserted through the left subclavian vein 30 and deployed within the
brachiocephalic vein 43. The portion of the vagus nerve 34 adjacent to
the brachiocephalic vein 43 is represented by the dashed lines in FIG.
4. According to another embodiment, as shown in FIG. 5, the lead 6 is
inserted through the left subclavian vein 30 and deployed and secured
in the superior vena cava 44. The portion of the vagus nerve 34
adjacent to the superior vena cava 44 is represented by the dashed
lines in FIG. 5.

[025] FIG. 6 is a perspective view of a lead 6 according to an
embodiment of the present invention. As shown in FIG. 6, the lead 6
includes a lead body 42 including a proximal portion 46 and a distal
portion 50 including one or more electrodes 52. Additionally, the lead 6
includes a proximal end adapted to be connected to a pulse generator
or other implantable medical device. The lead body 42 is flexible, but
substantially non-compressible along its length, and has a circular
cross-section.

[026] According to one embodiment of the present invention,
the lead body 42 includes a plurality of conductors. The conductors
can be wires, coils, cables or combinations thereof. The plurality of
conductors includes individual wires. These wires can be insulated
conductive wires, coils, or cables and/or molded in place with an
insulator such as silicone, polyurethane, ethylene tetrafluoroethylene,
or another biocompatible, insulative polymer. Alternatively, according
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to another embodiment of the present invention, the lead body 42 has
a co-radial design. In this embodiment, each individual conductor is
separately insulated using tubing or the like, and then wound together
in parallel to form a single coil. Alternatively, the lead body 42 is co-
axial. According to a further embodiment of the present invention,
each conductor is adapted to connect to an individual electrode 52 in a
one-to-one manner allowing each electrode 52 to be individually
addressable. In yet a further embodiment of the present invention, the
lead body 42 includes a lumen adapted to receive a guiding element
such as a guidewire or a stylet for collapsing (partially or fully) and
guiding the distal portion 50 of the lead to a stimulation site within a
vessel. Finally, the lead body 42 may have any configuration as is
known in the art.

[027] According to another embodiment of the present
invention, the distal portion 50 is stiffer than the lead body 42 including
the proximal portion 46. One exemplary embodiment of such a
structure is disclosed in commonly assigned and co-pending
Application No. 11/669,039, entitled “Transvascular Lead With
Proximal Strain Relief,” which is herein incorporated by reference.

[028] Additionally, the distal portion 50 is adapted to transition
between a collapsed configuration adapted for insertion of the lead 6
through a patient’s vasculature system and an expanded configuration
adapted to secure and stabilize the distal portion 50 of the lead 6 in a
vessel. A guiding element such as a guide catheter or a guidewire is
adapted to be inserted into the distal portion 50 such that the distal
portion 50 collapses and can be advanced through the vasculature
system to the target stimulation site.

[029] According to one embodiment of the present invention,
the distal portion 50 includes a superelastic material. Exemplary
superelastic materials include Nitinol and MP35N.

[030] As best viewed in FIGS. 7A-7B, the distal portion 50 of
the lead 6 includes one or more helical turns forming a spiral 64. The
turns of the spiral 64 can wind in a clockwise or counter-clockwise
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direction. The number of turns can range from a 2 tumn to multiple
turns. The pitch can be described as the distance between two points
on a spiral. The pitch can vary along the spiral 64, ranging from zero
centimeters (lasso configuration) to 5 cm, or can remain constant.
Additionally, the spiral 64 has a predetermined, effective outer
diameter. The effective outer diameter of the spiral 64 is selected such
that it is slightly greater than the inner diameter of the vessel in which it
is deployed. According to one embodiment of the present invention,
the effective outer diameter of the spiral 64 ranges from 5 to about 50
mm. According to another embodiment of the present invention, the
effective outer diameter of the spiral 64 ranges from about 10 to about
35 mm. Additionally, the spiral 64 can assume a variety of cross-
sectional shapes. According to one embodiment, the spiral 64 has a
circular cross-sectional shape. A circular cross-sectional shape allows
no bias for orientation such that when the lead is rotated within a vein
the spiral 64 exhibits no natural preference for a specific orientation.
According to another embodiment, the spiral 64 has an elliptical cross-
sectional shape. The overall size, diameter and cross-sectional shape
of the spiral 64 can be selected depending upon the size, diameter,
and shape of the vessels in which the distal portion 50 of the lead 6 is
to be deployed. An overall length of a spiral 64, according to an
embodiment of the present invention, ranges from about 30 mm to
about 200 mm depending on the anatomical demands of the patient’s
anatomy. More particularly, an overall length of the spiral 64 ranges
from about 40 mm to about 80 mm.

[031] According to a further embodiment of the present
invention the spiral 64 can increase in diameter from a proximal end of
the spiral to a distal end of the spiral creating a spiral 64 having a
predetermined shape that tapers down from a distal end of the spiral
64 to a proximal end of the spiral 64. Alternatively, the spiral 64 can
have a diameter that decreases from a proximal end of the spiral 64 to

a distal end of the spiral 64, creating a spiral 64 having a
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predetermined shape that tapers down from a proximal end of the
spiral 64 towards the distal end of the spiral 64.

[032] FIG. 8 is a close-up schematic view of a distal portion 50
of a lead 6 deployed within the right internal jugular vein 18 adjacent
the right vagus nerve 34. Upon deployment in a patient’s vasculature,
the spiral 64 is configured to radially expand such that it contacts and
frictionally engages an inner surface of the vessel walls 72, 74,
securing and stabilizing the distal portion 50 of the lead 6 at a
stimulation site within the vessel. The stimulation site can be described
as the location within a vessel adjacent a nerve or muscle which
maximizes electrical stimulation to the nerve or muscle across the
vessel walls. According to an embodiment of the present invention, the
spiral 64 places enough lateral force on the vessel walls 72, 74 without
damage such that the spiral 64 migrates outside of the vessel wall 72,
74 towards the nerve 34 to be stimulated. As a result, any electrodes
52 located on the spiral 64 are placed in close proximity to the nerve
34. In one exemplary embodiment, the electrode 52 is disposed at a
distance of less than 2 mm from the nerve 34 to be stimulated. In
another exemplary embodiment of the present invention, the spiral 64
forces the vessel wall 72, 74 into direct contact with the nerve 34.

[033] The spiral 64 is adapted to transition from a collapsed
configuration to an expanded configuration. In its expanded
configuration, the spiral 64 has a predetermined effective diameter and
is adapted to frictionally engage at least one wall of the vessel in which
the distal portion 50 is deployed. According to one embodiment of the
present invention, when allowed to expand within a vessel, the spiral
64 will not achieve its predetermined effective diameter as the spiral 64
will be constrained from fully expanding by the walls of the vessel in
which it is deployed. As such the spiral 64 places a radial expansion
force on the walls of the vessel, providing a mechanism for stabilizing
the distal portion 50 of the lead 6 in the vessel. In one exemplary

embodiment, the effective outer diameter ranges from about 5 percent
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to about 50 percent greater than the inner diameter of the vessel in
which the distal portion 50 of the lead 6 is disposed.

[034] According to an embodiment of the present invention,
the lead body can include a lumen adapted to receive a guiding
element such as a stylet or a guidewire adapted to assist in delivery of
the distal portion 50 to a stimulation site within a vessel. Alternatively,
a guide catheter is provided to deliver the distal portion 50 to a
stimulation site within a vessel. The stylet, guidewire, or guide
catheter, either alone or in combination with one another, is used to
collapse (either fully or partially) the distal portion 50 including the
spiral 64 from an expanded configuration to a collapsed configuration
(full or partial) and also to guide the distal portion 50 of the lead
through the patient’'s vasculature system. Once collapsed, the distal
portion 50 can be inserted into a patient’s vasculature and guided to a
stimulation site within a vessel. When the stimulation site has been
reached the guiding element is removed, allowing the distal portion 50
to transition from a collapsed configuration to an expanded
configuration.

[035] According to a further embodiment of the present
invention, a guide catheter is used to deliver the distal portion 50 of the
lead 6 to the stimulation site within a vessel. Once inside the targeted
vessel, the distal portion can be partially deployed from the guide
catheter and rotated or otherwise manipulated. The electrodes located
on the distal portion can be used to acutely stimulate and thus, test,
potential stimulation sites. Once a stimulation site has been selected
using the information gained through acute stimulation, the guide
catheter can be fully retracted and the distal portion deployed so as to
secure and stabilize the distal portion at a stimulation site within the
vessel such that stimulation can occur at the targeted stimulation site.
[036] According to another embodiment of the present
invention, the spiral 64 is variably expandable. That is, the spiral 64 is
adapted to expand with and adapt to the natural changes in the size
and diameter of the vessel while at the same time engaging and

-10 -
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maintaining a frictional force on the vessel walls. For example, when in
the internal jugular vein, the internal geometry (diameter and inner
shape) of the intemal jugular vein may change with blood flow and
blood pressure. Similarly, when a patient is in an upright position, the
diameter of the vessel may be smaller than when the patient is lying
down or is in a prone position. The spiral 64 accounts for the
difference in vessel diameter by expanding so as to maintain a
frictional force on the vessel walls securing and stabilizing the distal
portion 50 in the vessel.

[037] According to another embodiment of the present
invention, the distal portion 50 includes one or more electrodes 52
located on the spiral 64. At least one electrode 52 is adapted to deliver
an electrical pulse transvascularly to the nerve or muscle to be
stimulated. Additionally, according to another embodiment of the
present invention, at least one electrode 52 can be a sensing
electrode. At least one electrode 52 is oriented towards the nerve or
muscle to be stimulated. In yet a further embodiment of the present
invention, the circular cross-section of the spiral 64 allows for easy
orientation of the electrodes 52 toward the adjacent nerve or muscle to
be stimulated. Since a spiral having a circular cross-section has no
particular preference for orientation, the spiral can be rotated or
otherwise manipulated using such that the electrical stimulation across
the vessel wall to the adjacent nerve is maximized. As the spiral 64
expands within a vessel, as shown in FIG. 8, the electrode(s) 52 is
pushed up against the vessel walls 72, 74 maximizing transvascular
stimulation of the vagus nerve 34. In one embodiment, the spiral 64
presses up against the vessel walls 72, 74 with enough lateral force
such that the spiral 64 migrates outside the vessel wall bringing at least
one electrode 52 in closer proximity to the adjacent nerve. More
particularly, the spiral 64 places enough radial expansion force on the
vessel walls 72, 74 such that the turns of the spiral 64 migrate outside
of the original boundaries of the vessel walls 72, 74 and towards the
nerve 34 to be stimulated without damaging the vessel walls 72, 74. As

-11 -
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a result, any electrodes 52 located on the spirals 64 are placed in
closer proximity to the nerve 34.

[038] The migration of the spiral outside of the original
boundaries of the vessel walls causes no damage to the vessel walls
nor does the spiral erode through the vessel walls. A sheath of tissue
forms over the spiral over an extended period of time such that it
becomes encapsulated within the vessel walls. The outer geometry of
the vessel is altered such that the outline of the spiral located within the
vessel is visible.

[039] According to another embodiment of the present
invention, as shown in FIGS. 9-10, the distal portion 50 of the lead 6
includes one or more sets of helical turns forming one or more spirals
76. The helical turns of each spiral 76 can wind in the same direction,
as shown in FIG. 9 or, alternatively, can wind in opposing directions, as
shown in FIG. 10. According to a further embodiment of the present
invention, the spirals 76 are interrupted by a generally straight portion
80 of the lead body 42. The generally straight portion 80 is configured
such that it runs parallel to the nerve to be stimulated. Electrodes 52
may be located on one or both of the spirals 76, the straight portion 80,
or a combination thereof.

[040] FIG. 11 is a schematic view of a distal portion 50 of a
lead 6 including one or more spirals 76 deployed in a vessel adjacent a
nerve to be stimulated. According to an embodiment of the present
invention, the electrodes 52 are located on a straight portion 80 of the
lead body 42. The spirals 76 stabilize the distal portion 50 of the lead 6
and push the electrodes 52 up against the vessel wall in which the
distal portion 50 of the lead 6 is deployed such that the electrodes 52
are in parallel alignment with and in close proximity to the adjacent
nerve to be stimulated.

[041] As shown in FIGS. 6-10, the lead 6, according to various
embodiments of the present invention, includes a plurality of electrodes
52 located on the distal portion 50. The electrodes 52 can be located
on one or more spirals 64 or 76, the generally straight portion 80 or a

-12 -
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combination thereof. The electrodes 52 can be aligned in parallel with
the nerve to be stimulated. According to a further embodiment of the
present invention, the electrodes 52 are located on parallel planes to
one another. The parallel planes are orthogonal to the nerve to be
stimulated.

[042] Multiple electrodes allow flexibility in the intravascular
placement of the distal portion 50 of the lead 6. Not all of the
electrodes 52 need to be orientated towards the adjacent nerve or
muscle tissue in order for maximum stimulation across the vessel wall
to occur. Likewise, the circular or elliptical cross section of the spiral
64 allows the spiral 64 to be rotated within the vessel so as to ensure
that at least one electrode is capable of delivering sufficient electrical
stimulating pulse across the vessel wall. Additionally, the electrodes
can be connected to multiple individual conductors through the lead
body allowing for them to be individually addressable. According to
this embodiment, the electrodes are adapted to be selected such that
the direction of stimulation can be controlled. Stimulation can occur
between individual electrodes 52 located on the same spiral 64,
different spirals 76 and/or the straight portion 80 providing for greater
control over the current field and the direction of stimulation as well as
allowing for multiple options for stimulation and sensing.

[043] The electrodes 52 can have any electrode configuration
as is known in the art. According to one embodiment of the present
invention, at least one electrode 52 can be a ring electrode. According
to another embodiment, at least one electrode 52 is a partial ring
electrode. According to yet another embodiment of the present
invention, the electrodes include an exposed electrode portion and an
insulated electrode portion.  According to this embodiment, the
electrode(s) 52 are masked or otherwise insulated on the inner
circumference of the spiral 64 or 76. The exposed electrode portion is
located on the outer circumference of the spiral 64 or 76. Exemplary
electrodes of this type are described in co-pending application
11/688,957 entitled “Electrode Configurations for Transvascular Nerve

-13-
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Stimulation,” which is herein incorporated by reference. The lead body
42 is rotated such that the exposed electrode portion is oriented
towards the adjacent nerve, muscle or tissue to be stimulated. The
exposed electrode portion is configured such that it is adapted to direct
or focus current density towards the stimulation target. The insulated
electrode portion is located on the lead body 42 opposite the exposed
electrode surface. The insulated electrode portion acts as a shield
from the undesired stimulation of an adjacent or nearby nerve or
muscle that is not the stimulation target.

[044] The lead 6 can be further stabilized in the internal jugular
vein 34 by using a suture in a distal region of the lead body 42. In one
embodiment, the lead 6 is further stabilized through the wearing of a
neck brace by the patient for a period of time after implantation of the
distal portion 50 of the lead 6 in the internal jugular vein. In an
alternative embodiment, the lead 6 can include fixation features well
known in the art, such as silicone tines or a corkscrew-shaped fixation
feature (not shown) at the distal region, to stabilize the lead 6 in the
internal jugular vein 34. In other embodiments, the fixation feature can
be located at a distal end of the lead 6. The lead 6 can also include an
area on the lead body 42 that promotes tissue in-growth. In one
embodiment, the area includes a roughened polymer surface on the
lead body. In alternative embodiments, the area includes a region of
stepped or inset diameter within the lead body 42, within an electrode,
or between the lead body 42 and an electrode. In other embodiments,
the area includes a polymer mesh, for example, a Dacron mesh, a
metal mesh, for example, a stainless steel or nitinol mesh, or a bio-
absorbable mesh. Examples of a bio-absorbable mesh include
polyglycolic acid, poly-lactic acid, and polydioxanone. The lead 6 can
include any combination of sutures, fixation devices, tissue in-growth
areas, or a neck brace to improve its stability within the internal jugular
vein 34.

[045] The lead 6, according to various embodiments of the

present invention, can be delivered to a stimulation site within a vessel
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adjacent a nerve, muscle, or tissue to be stimulated using standard
techniques.  According to another embodiment of the present
invention, the lead 6 can be inserted in a patient’s vasculature system
via percutaneous stick directly into a patient's internal jugular vein to
deliver therapy to the vagus nerve. According to another embodiment
of the present invention, the distal portion 50 of the lead 6 is collapsed
and delivered to a stimulation site using a guide catheter. Once the
site has been reached and the guide catheter is removed, the spiral
located at the distal portion 50 of the lead 6 expands to contact and
frictionally engage the vessel walls of the vessel in which it is deployed.
Likewise, a stylet or one or more guide wires may be inserted into the
lead lumen to straighten the distal portion 50 from its predetermined
shape. The distal portion is then guided through the vasculature to a
stimulation site located within a vessel. Once a stimulation site has
been reached, the guide wire or stylet is removed allowing the distal
portion 50 of the lead 6 to return to its predetermined shape, typically a
spiral. The distal portion 50 then expands to contact and frictionally
engage the vessel walls of the vessel in which it is deployed. The
spiral 64 can be rotated within the vessel to orient the electrode(s) 52
towards the stimulation target. Additionally, the lead body 42 can be
further rotated or positioned until a maximum or optimum electrical
stimulation by the electrode(s) 52 has been achieved across the vessel
wall to the adjacent nerve or muscle to be stimulated. The stimulating
pulse delivered by the electrode(s) can be measured using an external
or an internal device. Additionally, the lead can be repositioned within
the vessel by either rotating the lead body 42 within the vessel or
reintroducing the guiding member such as the guide catheter or guide
wire to straighten the distal portion 50 of the lead 6. The lead 6 can
then either be repositioned and/or removed from the vessel. According
to a further embodiment of the present invention, the distal portion can
be partially deployed from a guide catheter in order to acutely stimulate

the electrodes. Once a suitable stimulation site has been identified, the
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guide catheter can be retracted and the distal portion 50 fully deployed within
the vessel at the stimulation site.

[046] Various modifications and additions can be made to the
exemplary embodiments discussed without departing from the scope of the
preseht invention. For example, while the embodiments described above
refer to particular features, the scope of this invention also includes
embodiments having different combinations of features and embodiments that
do not include all of the described features. Accordingly, the scope of the
present invention is intended to embrace all such alternatives, modifications,
and variations as falling within the scope of the disclosure herein, together

with all equivalents thereof.
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The claims defining the invention are as follows:

1. A medical electrical lead for stimulating a vagus nerve, wherein the
lead is adapted to be delivered to a stimulation site within an internal jugular
vein 'having a vessel wall adjacent to the vagus nerve, the lead comprising:

a proximal end adapted to be connected to a pulse generator;

a lead body including a distal portion comprising a first continuous
spiral, a second continuous spiral, and a generally straight portion occurring
between the first spiral and the second spiral, wherein the first and second
spirals are adapted to transition between a collapsed configuration and an
expanded configuration sized and shaped for securing and stabilizing the lead
at the stimulation site in the internal jugular vein, and wherein in the
expanded configuration the spirals are generally aligned with one another and
have a predetermined effective outer diameter ranging from 5 to 50% greater
than an inner diameter of the internal jugular vein such that the spirals are
adapted to impart a lateral force on the vessel wall to urge the vessel wall in
an outward direction towards the vagus nerve and wherein the generally
straight portion is configured to extend generally parallel to a longitudinal axis
of the lead body and to the vagus nerve when the lead is implanted in the
internal jugular vein;

one or more conductors extending within the lead body including the
distal portion; and

one or more electrodes adapted to deliver an electrical pulse
transvascularly to the nerve to be stimulated located on the distal portion and
operatively coupled to the one or more conductors, each of the one or more
electrodes comprising a masked portion and an unmasked portion, wherein
when the distal portion is in the expanded configuration, the unmasked
portion of at least one electrode is located on an outer circumference of the
first spiral or the second spiral such that the unmasked portion of the at least
one electrode is adapted to be oriented in a direction towards the vagus nerve
and to be placed in contact with the vessel wall adjacent to the vagus nerve
and the masked portion is located on an inner circumference of the spiral and

is adapted to be oriented away from the vagus nerve.
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2. The medical electrical lead according to claim 1, wherein a distance

between the electrode and the vagus nerve is less than 2 mm.

3. The medical electrical lead according to claim 1 wherein the first spiral
winds in a first direction and the second spiral winds in an opposite second

direction.

4. The medical electrical lead according to claim 1, wherein the distal
portion is sized and shaped so that the unmasked portion of at least two
electrodes are located on the outer circumference of the first spiral and/or the
second spiral and oriented in a direction towards the vagus nerve when the

distal portion is in the expanded configuration.

5. The medical electrical lead according to claim 1, wherein the distal
portion comprises a superelastic material selected from the group consisting
of Nitinol and MP35N.

6. The medical electrical lead according to claim 1, further comprising at

least one electrode located on the generally straight portion.

7. The medial electrical lead according to claim 1, wherein the distal
portion comprises one or more electrodes in parallel alignment with the nerve

to be stimulated when the lead is implanted.

8. A medical electrical lead for stimulating a vagus nerve, the lead
being substantially as hereinbefore described with reference to any one of
the embodiments of the lead as that lead is generally shown in the

accompanying drawings.

Dated 3 November 2011
Cardiac Pacemakers, Inc.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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