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DELIVERY OF CARDIAC STIMULATION DEVICES

TECHNICAL FIELD
This document relates to systems that electrically stimulate cardiac or other

tissue and to systems for delivering stimulation devices.

BACKGROUND

Pacing instruments can be used to treat patients suffering from any of a
number of heart conditions, such as a reduced ability to deliver sufficient amounts of
blood from the heart. For example, some heart conditions may cause or be caused by
conduction defects in the heart. These conduction defects may lead to irregular or
ineffective heart contractions. Cardiac pacing systems (e.g., a pacemaker or an
implantable defibrillator with pacing capability) may be implanted in a patient’s body
so that wire electrodes in contact with the heart tissue provide electrical stimulation to
regulate electrical conduction in the heart tissue. Such regulated electrical stimulation
is done to cause the heart to contract and hence pump blood.

The wired pacing systems in current use include a pulse generator that is
implanted, typically in a patient’s pectoral region just under the skin. One or more
wired leads extend from the pulse generator so as to contact various portions of the
heart. An electrode at a distal end of a lead may provide the electrical contact to the
heart for delivery of the electrical pulses generated by the pulse generator and
delivered to the electrode through the lead.

The use of wired leads may limit the number of sites of heart tissue at which
electrical energy may be delivered. For example, most commercially available pacing
leads are not indicated for use inside the left chambers of the heart. One reason is that
the high pumping pressure in the left chambers of the heart may cause a thrombus or
clot that forms on the bulky wired lead to ¢ject into distal arteries, thereby causing
stroke or other embolic injury. Thus, in order to pace the left side of the heart with a
wired lead, most wired leads are directed through the cardiac venous system (outside
the left chambers of the heart) to a site in a cardiac vein along the exterior of the left
side of the heart.

In one example of a pacing therapy that includes pacing of a left heart
chamber, a treatment known as biventricular pacing may be performed when the left

ventricle does not contract in synchrony with the right ventricle. In order to perform
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such pacing therapy, typically a first wired lead is implanted through a vein into the
right atrium, a second wired lead is implanted through a vein into the right ventricle,
and a third wired lead is implanted through a vein and into the coronary sinus vein (to
pace the left ventricle wall from outside the left ventricle). These three wired leads
may be connected to a pacemaker device (e.g., implanted in the pectoral region) in an
attempt to regulate the contractions of the right and left ventricles.

In addition to conventional wired pacing systems, one type of pacing system
being developed includes wireless operation. For example, some pacing systems may
use wireless electrodes that are attached to the outer epicardial surface of the heart
(external to the heart chambers) or embedded in a cardiac vein (external to the heart

chambers) to stimulate heart tissue.

SUMMARY

Some embodiments of an electrical stimulation system employ wireless
electrode assemblies to provide pacing therapy, defibrillation therapy, or other
stimulation therapy. The wireless electrode assemblies may receive energy via an
inductive coupling with another device outside the heart (e.g., implanted adjacent to
one or more ribs) so as to provide electrical stimulation to the nearby heart tissue. In
certain embodiments, the wireless electrode assemblies may include a guide wire
channel so that each electrode assembly can be advanced over a guide wire instrument
through the endocardium. For example, a distal tip portion of a guide wire instrument
can penetrate through the endocardium and into the myocardial wall of a heart
chamber, and the electrode assembly may then be advanced over the guide wire and
into the heart chamber wall. In such circumstances, the guide wire instrument (and
other portions of the delivery system) can be retracted from the heart chamber wall,
thereby leaving the electrode assembly embedded in the heart tissue.

Some embodiments include an electrode delivery system for delivering a
wireless electrode assembly into a heart chamber wall. The system may include a
wireless electrode assembly including a body that defines a guide wire channel
extending therethrough. The system may also include a delivery catheter to direct the
wireless electrode assembly through a heart chamber and toward a heart chamber
wall. The delivery catheter may have a distal opening through which the wireless
electrode assembly is passable for delivery into the heart chamber wall. The system

may further include a guide wire instrument passable through the delivery catheter to
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penetrate into the heart chamber wall. The guide wire instrument may have a distal
tip portion that is slidable within the guide wire channel of the wireless electrode
assembly when the wireless electrode assembly is advanced over the guide wire
instrument into the heart chamber wall.

In particular embodiments, an electrode delivery system for delivering a
wireless electrode assembly may include a delivery catheter to direct a wireless
electrode assembly toward a heart chamber wall when the electrode assembly is
disposed therein. The delivery catheter may have a distal opening through which the
wireless electrode assembly is passable. The system may also include an actuation
member to push the electrode assembly out of the distal opening of the delivery
catheter and into the heart chamber wall. The actuation member may be movably
adjustable within the delivery catheter. Further, the system may include a guide wire
instrument passable through the delivery catheter and having a distal tip portion to
define a penetration path through endocardium tissue and into myocardium tissue of
the heart wall chamber. When the actuation member pushes the electrode assembly
out of the distal opening of the delivery catheter, the electrode assembly advances
over the distal tip portion of the guide wire instrument to implant into the myocardium
tissue along the penetration path.

In some embodiments, a wireless electrode assembly for electrical stimulation
of heart tissue may include a body portion at least partially containing a circuit to
deliver electrical stimulation from an electrode surface. The assembly may also
include a tissue penetration surface along the body portion to initiate penetration of
the body portion into a heart chamber wall. The assembly may further include a guide
wire channel defined by the body portion and extending in a longitudinal direction
through the body portion toward the tissue penetration surface.

Some embodiments include a method for delivering a wireless electrode
assembly into a heart chamber wall. The method may include directing a distal
portion of a delivery catheter into a heart chamber, and advancing a guide wire
instrument out of the distal portion of the delivery catheter to penetrate a distal tip
portion of guide wire instrument into a heart chamber wall. The method may also
include advancing a wireless electrode assembly out of the distal portion of the
delivery catheter and over the distal tip portion of the guide wire instrument to

implant the electrode assembly in the heart chamber wall.
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Some of the embodiments described herein may have one or more of the
following advantages. First, the delivery system may include a guide wire instrument
that initiates penetration of the heart chamber wall, thereby facilitating the subsequent
penetration by the electrode assembly. Second, the guide wire instrument may
include one or more sensor electrodes to sense local electrical activity (e.g., an
electrogram or the like) and to transmit a test stimulation signal (e.g., a pacing signal)
at the proposed implantation site. Third, the delivery system may be configured to
advance the electrode assembly in a controlled manner to a selected insertion depth
into the heart wall tissue. Fourth, the delivery system may include a magnetic
coupling device that releasably retains the electrode assembly in a delivery catheter.
Fifth, the delivery system may include a guide wire instrument that is configured to
guide the electrode assembly into the heart wall tissue along a curved insertion path,
thereby permitting the electrode assembly to be embedded between selected tissue
fibers. Sixth, the delivery system may include a guide wire instrument having one or
more fixation devices extending therefrom so as to secure the guide wire instrument
to the heart wall tissue and maintain the guide wire position during the implantation
process. Seventh, the delivery system may include a guide wire instrument having a
detachable tip portion that serves to reduce migration and to maintain the orientation
of the electrode assembly implanted in the heart wall tissue. Eighth, the delivery
system may include a delivery catheter that is releasably attachable to the heart
chamber wall so as to maintain the position of the delivery catheter during the
implantation process.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a section view of a heart and at least a portion of an electrode
delivery system, in accordance with some embodiments.
FIG. 2 is a partial cross-sectional view of the portion of the electrode delivery
system of FIG. 1.
FIG. 3 is a perspective view of the electrode delivery system of FIG. 1 and an

electrical stimulation system, in accordance with some embodiments.
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FIG. 4 is a diagram of a device of the electrical stimulation system of FIG. 3.

FIG. 5 is a circuit diagram of at least a portion of a wireless electrode assembly
of the electrical stimulation system of FIG. 3.

FIGS. 6-8 are a partial cross-sectional views of an electrode delivery system,
in accordance with some embodiments.

FIGS. 9-10 are a partial cross-sectional views of another embodiment of an
electrode delivery system.

FIGS. 11-15 are perspective views of portions of guide wire instruments, in
accordance with some embodiments.

FIG. 16 is a partial cross-sectional view of an electrode delivery system having
a detachable guide wire portion, in accordance with some embodiments.

FIG. 17 is a partial cross-sectional view of another embodiment of an electrode
delivery system having a detachable guide wire portion.

FIGS. 18-19 are partial cross-sectional views of an electrode delivery system
having a detachable anchor portion, in accordance with some embodiments.

FIG. 20 is a partial cross-sectional view of an electrode delivery system having
a detachable guide wire portion, in accordance with some embodiments.

FIG. 21 is a side view of a portion of an electrode delivery system, in
accordance with some embodiments.

FIGS. 22-25 are views of portion of electrode delivery system, in accordance
with some embodiments.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
Referring to FIG. 1, an electrode delivery system 100 may be used to introduce

one or more wireless electrode assemblies 120 into the heart chamber walls. In this
example, there are four wireless electrode assemblies 120 implanted in the heart
chamber wall of each of the left atrium 32, the left ventricle 34, the right atrium 36,
and the right ventricle 38. As described below in connection with FIGS. 3-5, the
wireless electrode assemblies 120 may be part of an electrical stimulation system 20
that wirelessly transmits energy to the electrode assemblies 120 for electrical
stimulation of the surrounding heart wall tissue 35. The electrode delivery system
100 includes a delivery catheter 130 with a distal opening and a guide wire instrument

140 that is passable through the delivery catheter 130. The guide wire instrument 140
5
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is capable of penetrating into a heart chamber wall, as shown in FIG. 1. After
penetration, an electrode assembly 120 is advanced in a distal direction over at least a
portion of the guide wire instrument 140 so that the electrode assembly 120 is
implanted entirely within the heart chamber wall, as shown in FIG. 1. Exemplary
embodiments of the proximal portions of the delivery catheter 130 and the guide wire
140 extending outside the patient’s body are shown and described below in
connection with FIG. 3.

In more detail, the delivery system 100 shown in FIG. 1 includes a guide
sheath 110 that is capable of being directed (e.g., by a surgeon or other user) through
one or more veins or arteries to the targeted chamber of the heart 30 (e.g., the left
ventricle 34 is the targeted chamber in the embodiment shown in FIG. 1). For
example, in those embodiments in which the atrial septum or a heart valve is to be
crossed during the delivery procedure, the guide sheath 110 can maintain such a
crossing while a plurality of electrode assemblies 120 are directed therethrough into
the targeted heart chamber. For example, in the embodiment shown in FIG. 1, the
guide sheath 110 maintains a crossing through the atrial septum (e.g., entering through
the right atrium 36, passing through the atrial septum, and passing into the left atrium
32) and maintain a crossing through the left mitral valve (e.g., passing through the left
mitral valve, and passing into the left ventricle 34). In an alternative example, the
guide sheath 110 can be directed through a femoral artery, around the aortic arch, and
into the left ventricle 34.

After the guide sheath 110 is deployed into the targeted heart chamber,
multiple wireless electrode assemblies 120 may be consecutively delivered through
the guide sheath 110 using at least one delivery catheter 130. The multiple assemblies
120 may be delivered without having to remove the outer sheath 110, thereby
reducing the delivery time and reducing the likelihood of trauma to the atrial septum
or heart valve crossing due to repeated insertions.

Still referring to FIG. 1, the guide wire instrument 140 has a distal tip adapted
to penetrate through the endocardium 33 and into the heart wall tissue 35 (e.g., tissue
such as the myocardial wall) before the electrode assembly 120 is advanced into the
heart wall tissue 35. As such, the guide wire instrument 140 may initiate a penetration
path into the heart chamber wall, thereby facilitating the subsequent penetration by

the electrode assembly 120 along the penetration path. For example, in the
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embodiment depicted in FIG. 1, the distal tip portion 142 of the guide wire instrument
140 can penetrate through the endocardium 33 and into the heart wall tissue 35,
thereby forming an opening in the endocardium 33. Then the electrode assembly 120
can be advanced over the distal tip portion 142 to further dilate opening in the
endocardium 33 (which was previously formed by the guide wire instrument 140) and
to penetrate into the heart wall tissue 35.

In addition, the guide wire instrument 140 may include at least one sensor
electrode 144 (FIG. 2) along its distal tip portion 142 that is configured to sense local
electrical activity (e.g., an electrogram or the like) and to transmit a test stimulation
signal (e.g., a pacing signal) after initiating the penetration into the implantation site.
In these circumstances, the guide wire instrument 140 may be used to determine if the
implantation site is suitable for receipt of an electrode assembly 120 before the
electrode assembly 120 is advanced into the heart wall tissue 35. For example, the
guide wire instrument 140 may comprise a conductive electrical line extending from
the sensor electrode 144 (FIG. 2) along the distal tip portion 142 to the proximal
portion 148 (FIG. 3) of the guide wire instrument 140 (e.g., outside the patient’s
body). In these circumstances, the guide wire instrument 140 may be connected to an
electrogram or ECG monitor system or the like so that a physician may view the local
electrical activity in the heart wall tissue 35 into which the distal tip portion 142 has
penetrated. Further, a pulse generator device or the like may be electrically connected
to the proximal portion 148 (FIG. 3) of the guide wire instrument 140 (e.g., outside
the patient’s body) so as to transmit test pacing signals to heart wall tissue 35 adjacent
to the distal tip portion 142. In some circumstances, the sensor electrode 144 may
comprise a marker material that permits viewability of the guide wire instrument 140
in the heart 30 using medical imaging techniques. In addition or in the alternative, at
least the distal tip portion 142 of the guide wire instrument 140 may comprise a
marker material or a marker band (not shown) to permit viewability of the guide wire
instrument 140 in the heart 30 using medical imaging techniques.

FIG. 2 shows a more detailed view of the distal portion of the embodiments of
the delivery system 100 and the wireless electrode assembly 120 previously described
in connection with FIG. 1. The electrode assembly 120, in this example, includes a
guide wire channel 122 through which at least a distal tip portion 142 of the guide

wire instrument 140 extends. A movable engagement between the electrode assembly
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120 and the guide wire instrument 140 (e.g., a slidable engagement) permits the
electrode assembly 120 to be advanced over the guide wire instrument 140 into the
heart wall tissue 35 and permits the guide wire instrument 140 (and other portions of
the delivery system 100) to be retracted from the electrode assembly 120 after
implantation is completed. In this embodiment, the electrode assembly 120 also
includes a body portion 125 that at least partially contains a circuit (described in more
detail below in connection with FIG. 5) to deliver electrical stimulation from one or
more electrode surfaces 124 and 126. For example, in those embodiments in which
the electrode assembly 120 provides bipolar functionality, the electrode assembly 120
may include a first electrode 124 disposed opposite a second electrode 126 so as to
provide a stimulation circuit from one electrode (e.g., the second electrode 126),
through the surrounding heart wall tissue 35, and to the other electrode (e.g., the first
electrode 124). As shown in FIG. 2, the first and second electrodes 124 and 126 may
be disposed along an outer surface of the body portion 125 so as to contact the heart
wall tissue 35 when implanted therein. The electrode assembly 120 may also include
a tissue penetration surface 127 along the body portion 125 to facilitate penetration of
the body portion 125 into the heart wall tissue 35. For example, the tissue penetration
surface 127 has a generally conical shape or other distally narrowing shape to
facilitate the insertion process. In the embodiment depicted in FIG. 2, the distal
electrode 126 extends along the conical surface of the tissue penetration surface 127.
The guide wire channel 122 may extend in a substantially longitudinal direction
through the body portion 125 toward the tissue penetration surface 127 so that the
tissue penetration surface 127 can be advanced in the direction of the previously
inserted guide wire instrument 140. As previously described, in this embodiment, the
guide wire instrument 140 includes at least one sensor electrode 144 disposed along
the distal tip portion 142 to sense local electrical activity (e.g., an electrogram or the
like) and to transmit a test stimulation signal (e.g., a pacing signal).

In some embodiments, the wireless electrode assemblies 120 may be sized to
be implanted entirely within a heart chamber wall, which can have a wall thickness of
about 3 mm to about 30 mm and more specifically about 5 mm to about 25 mm for
ventricle walls, and about 1 mm to about 5 mm and more specifically about 2 mm to
about 4 mm for atrial walls. Also in these embodiments, the wireless electrode

assemblies 120 are sized to slidably receive at least the distal tip portion 142 of the
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guide wire instrument 140, which can have an outer diameter of about 0.1 mm to
about 1.0 mm, about 0.2 mm to about 0.8 mm, and more specifically about 0.25 mm
to about 0.5 mm. Accordingly, in such embodiments, the body portion 125 of the
electrode assembly 120 may have a longitudinal length of about 20 mm or less, about
15 mm or less, about 10 mm or less, for example, about 3 mm to about 10 mm, and in
some circumstances (e.g., implantation in the atrial wall) about 5 mm or less, for
example about 3 mm to about 5 mm. Also, in these embodiments, the body portion
125 may have a generally circular cross-sectional shape with a maximum outer
diameter of about 0.5 mm to about 3.5 mm, about 1 mm to about 3 mm, and more
specifically about 1.5 mm to about 2.5 mm. Further, in some embodiments, the guide
wire channel 122 may have a diameter of about 0.15 mm to about 1.05 mm, about
0.25 mm to about 0.85 mm, and about 0.30 mm to about 0.55 mm so as to
accommodate the guide wire instrument 140 having a diameter as previously
described.

Still referring to FIG. 2, the electrode assembly 120 may be releasably retained
in the distal portion 134 of the delivery catheter 130 during advancement through the
guide sheath 110. In this embodiment, a magnetic coupling device 150 is disposed in
the distal portion 134 of the delivery catheter 130 so as to releasably retain the
electrode assembly 120 in a non-deployed position (not shown in FIG. 2). For
example, the magnetic coupling device 150 may include one or more ring magnets
axially aligned with the distal portion 134 of the delivery catheter 130 so that a distal
surface 158 of the magnetic coupling device 150 is magnetically attracted to an
opposing surface 128 of the electrode assembly 120. In this embodiment, the
magnetic coupling device 150 comprises rare earth magnets and the proximal surface
128 of the electrode assembly 120 may comprise a magnetically attractable metal
material, such as stainless steel or the like. In some circumstances, the magnetic
coupling device 150 disposed in the distal portion 134 of the delivery catheter 130
may aid in controlled-delivery of the delivery catheter through the patient’s body and
into the targeted heart chamber. For example, the magnetic coupling device 150 in
the distal portion of the delivery catheter 130 can be directed through the patient’s
venous or arterial system using a magnetic navigation system, in which two or more

large magnets outside the patient’s body are arranged to generate magnetic fields that
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direct the distal portion 134 of the catheter 130 I the desired direction. One example
of such a magnetic navigation system supplied by Stereotaxis, Inc. of St. Louis, MO.

Alternatively, the magnetic coupling device 150 comprises a coil of wire
wound around a permeable core such as iron or ferrite, so that when current flows
through said coil, device 150 is magnetically attracted to proximal surface 128, and
when the coil current is switched off, device 150 releases from proximal surface 128.
The current in said coil may be either direct or alternating current (DC or AC). In
those embodiments in which the current for providing electromagnetic attraction to
proximal surface 128 is AC, the magnetic coupling device 150 may provide a
magnetic field that inductively couples with the coil in the electrode assembly 120 to
provide a supplemental recharge to the electrode assembly 120 during the delivery
process. Such a supplemental recharge from the magnetic coupling device 150 may
ensure that there is sufficient energy stored for a test stimulation pulse (described in
more detail below in connection with FIGS. 6-8) between the electrodes 124 and 126
during the implantation of the electrode assembly 120 (e.g., to verify the operation of
the electrode assembly in the implantation site).

It should be understood that, in other embodiments, the electrode assembly
120 may be releasably retained in the delivery catheter 130 using a friction-fit
engagement, a mechanical connection (e.g., a threaded engagement, a mating slot and
groove engagement, etc.), or the like.

As shown in FIG. 2, an actuation member 160 may be adjusted within the
delivery catheter 130 to release the electrode assembly 120 from the distal portion 134
of the delivery catheter 130. For example, after the delivery catheter 130 is directed
to a position adjacent to a targeted heart chamber wall, the actuation member 160 may
be adjusted to force the electrode assembly 120 away from the magnetic coupling
device 150 and into the heart wall tissue 35 that was previously penetrated by the
guide wire instrument 140. In this embodiment, the actuation member 160 serves as
an adjustable push rod that can shift from a retracted configuration to an extended
configuration so as to advance the electrode assembly 120 to a deployed position
outside the distal opening 135 of the delivery catheter 130. The actuation member
160 may comprise a flexible main shaft 163 that can transmit a pushing force applied
from the proximal end (e.g., outside the patient’s body) to a distal section 162. As

described in more detail below in connection with FIG. 3, a surgeon or other user can
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actuate a hand-operated trigger device 137 or the like disposed along the proximal
portion 138 of the delivery catheter 130 to apply the pushing force to the actuation
member 160 and thereby adjust the position of the distal section 162. The distal
section 162 may have a reduced diameter that is advanced through a centering
mechanism 154 so as to abut the proximal surface 128 of the electrode assembly 120
during advancement of the electrode assembly 120 over the guide wire instrument
140. The distal section 162 may transition to the reduced diameter at a shoulder 164,
which is configured to abut the centering mechanism 154 when the actuation member
160 has been advanced to a predetermined extension distance (refer, for example, to
distance L in FIG. 6). As such, the actuation member 160 may be used to advance the
electrode assembly 120 to a selected depth into the hearth wall tissue 35, and such
advancement may cease when the shoulder 164 of the actuation member 160 abuts
with the centering mechanism 154. Accordingly, the heart wall tissue 35 can be
protected from over advancement of the electrode assembly, which could result in the
electrode assembly 120 being forced entirely through the heart wall.

In an alternative embodiment, the magnetic coupling device 150 and the
centering mechanism 154 may be incorporated onto the main shaft 163 of the
actuation member 160. In such circumstances, the distal section 162 would be an
inner push rod shaft that extends fully through the main shaft of the actuation member
160. Thus, the actuation member 160, the magnetic coupling 150, and the electrode
assembly 120 may be inserted into a proximal portion 138 of the delivery catheter 130
(e.g., outside the patient’s body as shown in FIG. 3) and directed through the delivery
catheter 130 to the targeted implantation site. In these embodiments, when the
electrode assembly 120 is to be released from the magnetic coupling device 150, the
distal section 162 can be moved distally relative to the main shaft 163.

Referring to FIGS. 2-3 (showing the distal portion and proximal portion of the
delivery system 100, respectively), during a surgical process conducted by a surgeon
or other user, the electrode assembly 120 may be disposed in the delivery catheter 130
and advanced through the guide sheath 110 toward the targeted heart chamber 32, 34,
36, or 38. As shown in FIG. 3, the guide sheath 110 may be introduced via an incision
in the patient’s neck and advanced through the venous system to the heart 30 (e.g.,
though the superior vena cava, through the right atrium 36, crossing through the atrial

septum, through the left atrium 32, and into the left ventricle 34). As shown in FIG. 2,
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the guide sheath 110 may be configured to slidably receive the delivery catheter 130
so that the electrode assembly 120 may be loaded into the delivery catheter 130
outside the patient’s body and then directed through the guide sheath 110 to the heart
30. For example, before the distal end of the delivery catheter 130 is inserted into the
proximal portion 118 of the guide sheath 110 (refer to FIG. 3 for an exemplary
embodiment of the proximal portion 118), the user may insert the electrode assembly
120 into the distal opening 135 of the delivery catheter 130 and force the electrode
assembly 120 toward a releasably retainer device (e.g., the magnetic coupling device
150 as described in connection with FIG. 2). Then the delivery catheter 130 (with the
electrode assembly 120 retained therein) can be inserted into the proximal portion 118
of the guide sheath 110 and directed therethrough to the targeted heart chamber. The
user can insert the guide wire instrument 140 into the proximal portion 138 of the
delivery catheter 130 (refer to FIG. 3 for an exemplary embodiment of the proximal
portion 138) and advance the guide wire instrument 140 therethrough to penetrate the
targeted tissue site within the targeted heart chamber. As shown in FIG. 3, the surgeon
or other user may operate the trigger device 137 along the proximal portion of the
delivery catheter 130 to adjust the distal section 162 of the actuation member 160
(FIG. 2). The actuation member 160 forces the electrode assembly 120 to deployed
out of the distal opening 135 of the delivery catheter 130 and over the distal tip
portion 142 for implantation into the heart wall tissue 35. After the electrode
assembly 120 is implanted in the heart wall tissue 35, the delivery catheter 130 and
the guide wire instrument 140 may be withdrawn from the proximal portion 118 of
the guide sheath 110 (e.g., withdrawn fully outside of the patient’s body), while the
guide sheath 110 remains in the patient’s body, for example, to maintain the delivery
path into the targeted heart chamber. If a subsequent electrode assembly is to be
delivery to the same heart chamber, a new electrode assembly 120 may be loaded into
the distal opening 135 of same delivery catheter 130 (or into a new delivery catheter
130 having a similar construction) for delivery through the guide sheath 110 to a new
implantation site along the targeted heart chamber wall.

In these embodiments, the guide sheath 110 can include a steering mechanism
(not shown in FIGS. 2-3), such as steering wires, shape memory device, or the like, to
shift the distal end during advancement into the targeted heart chamber and optionally

includes at least one marker band 112 (FIG. 2) to permit viewability of the distal end
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of the guide sheath 110 in the patient’s body using medical imaging techniques. Such
a marker band 112 may aid a physician when steering the guide sheath 110 to the
targeted heart chamber. Likewise, the delivery catheter 130 may also include a
steering mechanism (not shown in FIGS. 2-3) so as to adjust its distal end during
advance to a position adjacent the heart chamber wall and may also include at least
one marker band 132 (FIG. 2) to permit viewability of the distal end of the delivery
catheter 130 in the patient’s body using medical imaging techniques.

Referring now to the operation of the electrical stimulation system 20 as
shown, for example, in FIGS. 3-5, the wireless electrode assemblies 120 may be part
of an electrical stimulation system 20 that wirelessly transmits energy to the electrode
assemblies 120 for electrical stimulation of the surrounding heart wall tissue 35. As
described in more detail below in connection with FIG. 35, each of the wireless
electrode assemblies 120 may have an internal coil that is inductively coupled with an
external power source coil to charge an electrical charge storage device (e.g., a
capacitor or a battery) contained within the wireless electrode assembly 120. Also as
described in more detail below, each of the wireless electrode assemblies 120 may
have control circuitry or a triggering mechanism to deliver stored electrical charge to
adjacent heart tissue. In alternative embodiments, one or more of the wireless
electrode assemblies 120 has no energy storage device, such as a battery or capacitor.
In these alternative embodiments, each wireless electrode assembly may comprise, for
example, of a ferrite core and ring electrodes (e.g., bipolar electrodes) encircling the
ends of the core. A number of turns of fine insulated wire may be coiled around the
central portion of the core so as to receive energy from a magnetic field produced by a
shaped driving signal, which causes the an stimulation pulse to pass from the coil and
to the bipolar electrodes for electrical stimulation of the surrounding heart tissue.

Referring to FIG. 3, the electrical stimulation system 20 may include a
stimulation controller 40 (e.g., a pacing controller) and a transmitter 50 that drives an
antenna 60 for communication with the wireless electrode assemblies 120. The
stimulation controller 40 can include circuitry to sense and analyze the heart’s
electrical activity, and to determine if and when a stimulation electrical pulse needs to
be delivered and by which of the wireless electrode assemblies 120. The sensing
capability may be made possible by having sensor electrodes included within the

physical assembly of the stimulation controller 40. Alternatively, a single or dual lead
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pacemaker 90 may sense the local cardiac electrogram and transmit this information
to the antenna 60 for use by the controller 40 in determining the timing of wireless
electrode assembly 120 firing. In either case, the wireless electrode assembly 120
need not be provided with sensing capability, and also the wireless electrode
assemblies 120 need not be equipped with the capability of communicating to the
stimulation controller 40 (for example, to communicate information about sensed
electrical events). In alternative embodiments, the wireless electrode assemblies 120
include local sensor circuitry to sense the local electrical activity, such as an
electrogram. In these alternative embodiments, the local sensor circuitry would
communicate with programmable control circuitry in the wireless electrode assembly,
which would wirelessly communicate the sensed information to the controller 40 or to
another implanted electrode assembly 120.

The transmitter 50—which can be in communication with, and controlled by,
the stimulation controller 40—may drive an RF signal onto the antenna 60. In one
embodiment, the transmitter 50 provides both (1) a charging signal to charge the
electrical charge storage devices (e.g., rechargeable battery, capacitor, or the like)
contained within the wireless electrode assemblies 120 via inductive coupling, and (2)
an information signal, such as a pacing trigger signal, that is communicated to a
selected one or more of the wireless electrode assemblies 120, commanding the
selected wireless electrode assembly 120 to deliver its stored charge to the adjacent
tissue. The magnetic field transmitted from the antenna 60 may be used to inductively
couple with a coil in each of the electrode assemblies 120.

Still referring to FIG. 3, the stimulation controller 40 and the transmitter 50
may be housed in a single enclosure that is implantable within a patient. In such a
configuration, the single enclosure device 25 may have a single energy source (e.g.,
battery) that may be either rechargeable or non-rechargeable. For example, as shown
in FIG. 3, the stimulation controller 40 and the transmitter 50 are housed in an
enclosure device 25 that is implantable along or along one or more ribs proximate to
the heart 30. Such proximity between the antenna 60 and the heart 30 may facilitate
efficient inductive coupling between the implanted antenna device 60 and the wireless
electrode assemblies 120 embedded in the heart wall tissue 35. Accordingly, in this
embodiment, the controller 40 and transmitter 50 are housed in the device 25 that is

shaped generally elongate and slightly curved so that it may be anchored between two
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ribs of the patient, or possibly around one or more ribs. In one example, the housing
for the controller 40 and transmitter 50 can be about 2 to 20 cm long and about 1 to 5
cm in diameter, or more specifically, can be about 5 to 10 cm long and about 1 to 2
cm in diameter. Also in this example, this rib-mounted housing may have a non-
uniform cross-sectional shape to conform to the ribs and may be curved along its
length. Such a shape of the housing for the controller 40 and transmitter 50, which
allows the device to be anchored on the ribs, may provide an enclosure that is larger
than conventional pacemakers, thereby providing more space for a larger battery
having more stored energy. In some embodiments, the controller 40 may comprise a
defibrillator circuit that discharges energy to the heart 30 through electrodes on
opposing ends of the body of controller housing 25 when fibrillation is sensed. Other
sizes and configurations may also be employed as is practical.

In some embodiments, the antenna 60 may be a loop antenna comprised of a
long wire that is electrically connected across an electronic circuit contained within
the controller/transmitter housing device 25. The electronic circuit delivers pulses of
RF current to the antenna 60, generating a magnetic field in the space around the
antenna 60 to charge the wireless electrode assemblies 120, as well as RF control
magnetic field signals to command the wireless electrode assemblies 120 to discharge.
In such embodiments, the antenna 60 may comprise a flexible conductive material so
that it may be manipulated by a physician during implantation into a configuration
that achieves optimum inductive coupling between the antenna 60 and the coils within
the implanted wireless electrode assemblies 120. In one example, the loop antenna 60
may be about 2 to 22 cm long and about 1 to 11 cm wide, and may be about 5 to 11
cm long and about 3 to 7 cm wide. Placement of the antenna 60 over the ribs may
provide a relatively large antenna to be constructed that has improved efficiency in
coupling RF energy to the pacing wireless electrode assemblies 120.

In an alternative configuration, the stimulation controller 40 and the
transmitter 50 may be physically separate components. As an example of such a
configuration, the stimulation controller 50 may be implantable, for example in the
pacemaker configuration, whereas the transmitter 50 (along with the antenna 60) may
be adapted to be worn externally, such as in a harness that is worn by the patient. In
the latter example, the stimulation controller 40 would have its own energy source

(e.g., battery), and that energy need not be rechargeable given the relatively small
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energy requirements of the stimulation controller 40 as compared to the energy
requirements of the transmitter 50 to be able to electrically charge the wireless
electrode assemblies 120. In this case, the stimulation controller 40 would sense the
local electrogram signal through a wired pacing lead, and transmit the sensed
information to the external controller. Again, transmission of information, as opposed
to pacing energy, has a relatively low power requirement, so a pacemaker enclosure
and battery may suffice.

In some embodiments, an external programmer 70 is used to communicate
with the stimulation controller 40, including after the stimulation controller 40 has
been implanted. The external programmer 70 may be used to program such
parameters as the timing of stimulation pulses in relation to certain sensed electrical
activity of the heart, the energy level of stimulation pulses, the duration of stimulation
pulse (that is, pulse width), etc. The programmer 70 includes an antenna 75 to
communicate with the stimulation controller 40, using, for example, RF signals. The
implantable stimulation controller 40 is accordingly equipped to communicate with
the external programmer 70, using, for example, RF signals. The antenna 60 may be
used to provide such communications, or alternatively, the stimulation controller 40
may have an additional antenna (not shown in FIG. 3) for external communications
with the programmer 70, and in an embodiment where the transmitter 50 and antenna
60 are housed separately from the controller 40, for communications with the
transmitter 50.

As shown in FIG. 3, some embodiments of the system 20 may also include a
pacemaker/defibrillator device 90 and associated wired leads 95 which extend from
the pacemaker/defibrillator device 90 and into one or more chambers of the heart 30.
For example, the system 20 may include wired leads 95 from the
pacemaker/defibrillator 90 that extend into the right atrium 36 and the right ventricle
38 while wireless electrode assemblies are disposed in the left atrium 32 and the left
ventricle 34. The pacemaker/defibrillator 90 may be used to sense the internal
electrogram or ECG signals, to deliver defibrillation shocks, and to communicate with
the controller 40 and/or transmitter 50 as previously described.

One parameter of the wireless electrode assembly 120 that may be a factor in
the design of the electrical stimulation system 20 is the stimulation energy required to

pace or otherwise stimulate the ventricles 34 and 38 or other chamber of the heart 30.
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This energy requirement can include a typical value needed to pace ventricular
myocardium, but also can include a margin to account for degradation of contact
between the electrodes and tissue over time. In certain embodiments, each wireless
electrode assembly 120 may require the maximum pacing threshold energy. This
threshold energy is supplied to the wireless electrode assemblies between heartbeats
by an external radio frequency generator (which may also be implanted), or other
suitable energy source that may be implanted within the body or from a rechargeable
battery contained within electrode assembly 120. In some circumstances, parameter
values for some embodiments may be:

Threshold pacing voltage = 2.5 Volts

Approximate tissue impedance = 600 Ohms

Approximate pulse duration = 0.4 mSec

Derived threshold energy = 4 micro-Joules

Because RF fields at frequencies higher than about 200 kHz may be attenuated
by the body’s electrical conductivity, and because electric fields of any frequency may
be attenuated within the body, energy transmission through the body may be
accomplished in some embodiments via a magnetic field at about 20-200 kHz (or by a
magnetic field pulse that contains major frequency components in this range), and
more particularly by transmission of magnetic fields in the range of 100-200 kHz
when transmission is through relatively conductive blood and heart muscle.
In some embodiments, cach of the wireless electrode assemblies 120 includes

a rechargeable battery. This battery may provide power for delivering pacing energy
to the tissue, and for operating communications, logic, and memory circuitry
contained within the assembly. In such embodiments, the transmitter 50 and the
antenna 60 (FIG. 3) may be external to the patient, and may serve to recharge the
batteries within the electrode assemblies. The recharge transmitter and antenna may
be incorporated into furniture, incorporated into the patient’s bed, or worn by the
patient (e.g., in a vest-type garment). Daily recharging for predetermined periods
(e.g., about 30 minutes) may be required. In these circumstances, the wireless
electrode assemblies 120 may be autonomous pacing devices, which can sense the
local electrogram and only pace when the local tissue is not refractory. Such
electrodes may communicate with the programming unit 70 to receive pacing

instructions and transmit data stored in local memory. In these embodiments, each
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wireless electrode assembly 120 may also communicate with other implanted wireless
electrode assemblies 120. For example, one electrode assembly 120 in the right
atrium may be designated as the “master,” and all other implanted electrodes are
“slaves” that pace with pre-programmed delays relative to the “master.” As such, a
master electrode in the right atrium may only sense the heart’s sinus rhythm, and may
trigger pacing of the slaves with programmed delays.

Referring to FIG. 4, an embodiment of an implantable device 25 (e.g., the rib-
implanted configuration shown in FIG. 3) including the controller 40, transmitter 50,
and associated antenna 60 is shown in block diagram form. Included within the
device 25 is: a battery 26, which may be recharged by receiving RF energy from a
source outside the body via antenna 60; ECG sensing electrodes 27 and associated
sensing circuitry 28; transmitter circuitry 50 for transmitting RF energy and firing
commands to the implanted wireless electrode assemblies, transmitting status
information to the external programmer, receiving control instructions from the
external programmer, and receiving power to recharge the battery; and a stimulation
controller 40 that is programmed to control the overall functioning of the implantable
device 25. In alternative embodiments, antenna 60 may receive signals from the
individual wireless electrode assemblies 120 containing information regarding the
local electrogram at the site of each wireless electrode assembly, and/or the antenna
60 may receive signals from an implanted pacemaker device 90 regarding the
electrogram signal at the sites of one or more conventional leads implanted on the
right side of the heart.

Referring to FIG. 5, some embodiments of a wireless electrode assembly 120
may include a receiver coil 172 that is capable of being inductively coupled to a
magnetic field source generating a time-varying magnetic field at the location of coil
172, such as would be generated by the transmitter 50 and the antenna 60 depicted in
FIG. 3. The RF current in the external antenna may be a pulsed alternating current
(AC) or a pulsed DC current, and thus the current induced through the receiver coil
172 may likewise be an AC or pulsed DC current. The current induced in coil 172
may be proportional to the time rate of change of the magnetic field generated at the
site of coil 172 by the external RF current source. In some embodiments, a four-diode
bridge rectifier 173 may connected across the receiver coil 172 to rectify the AC or

pulsed DC current that is induced in the receiver coil 172. A three-position switch
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device 174 may be connected so that when the switch device 174 is in a first position,
the rectifier 173 produces a rectified output that is imposed across a capacitor 175 or
other power storage device. As such, when the switch device 174 is in the position 1
(as is the case in FIG. 5), the capacitor 175 stores the induced electrical energy.

The switch device 174, in this example, can be a voltage-controlled device that
is connected to sense a voltage across the capacitor 175 to determine when the
capacitor 175 has been sufficiently charged to a specified pacing threshold voltage
level. When the capacitor 175 is sensed to have reached the specified pacing
threshold level, the voltage-controlled switch device 174 moves to a position 2, which
disconnects the capacitor 175 from the coil 172. With the switch device 174 in the
position 2, the capacitor 175 is electrically isolated and remains charged, and thus is
ready to be discharged. The voltage controlled switch device 174 may comprise a
solid state switch, such as a field effect transistor, with its gate connected to the output
of a voltage comparator that compares the voltage on capacitor 175 to a reference
voltage. The reference voltage may be set at the factory, or adjusted remotely (e.g.,
after being implanted) via signals sent from the physician programmer unit 70 (FIG.
3), received by coil 172 and processed by circuitry not shown in FIG. 5. The
electronic circuitry contained within the wireless electrode assembly 120, including
the voltage controlled switch 174, can be constructed with components that consume
very little power, for example CMOS. Power for such circuitry is either taken from a
micro-battery contained within the wireless electrode assembly, or supplied by
draining a small amount of charge from capacitor 175.

Still referring to FIG. 5, a narrow band pass filter device 176 may also be
connected across the receiver coil 172, as well as being connected to the three-
position switch device 174. The band pass filter device 176 passes only a single
frequency of communication signal that is induced in the coil 172. The single
frequency of the communication signal that is passed by the filter device 176 may be
unique for the particular wireless electrode assembly 120 as compared to other
implanted wireless electrode assemblies. When the receiver coil 172 receives a short
magnetic field burst at this particular frequency, the filter device 176 passes the
voltage to the switch device 174, which in turn moves to a position 3. With the switch
device 174 in the position 3, the capacitor 175 may be connected in series through the

previously described electrodes 124 and 126 (refer also to FIG. 2), to the tissue to be
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stimulated. As such, at least some of the charge that is stored on the capacitor 175 is
discharged through the tissue (e.g., heart wall tissue 35). When this happens, the
tissue becomes electrically depolarized. In one example embodiment described in
more detail below, the bipolar electrodes 124 and 126 across which stimulation pulses
are provided are physically located at opposite ends (e.g., a proximal end and a distal
end) of the wireless electrode assembly 120. After a predetermined, or programmed,
period of time, the switch returns to position 1 so the capacitor 175 may be charged
back up to the selected threshold level.

It should be noted that, for sake of clarity, the schematic diagram of FIG. 5
shows only the electrical components for energy storage and for switching, in
accordance with particular embodiments of the wireless electrode assembly 120. Not
necessarily shown are electronics to condition the stimulation pulse delivered to the
tissues, which circuitry should be understood from the description herein. Some
aspects of the pulse, for example pulse width and amplitude, may be remotely
programmable via encoded signals received through the filter device 176 of the
wireless electrode assembly 120. In this regard, filter 176 may be a simple band pass
filter with a frequency unique to a particular wireless electrode assembly, and the
incoming signal may be modulated with programming information. Alternatively,
filter 176 may consist of any type of demodulator or decoder that receives analog or
digital information induced by the external source in coil 172. The received
information may contain a code unique to each wireless electrode assembly to
command discharge of capacitor 175, along with more elaborate instructions
controlling discharge parameters such as threshold voltage for firing, duration and
shape of the discharge pulse, etc.

Using wireless electrode assemblies 120 of the type shown in FIG. 5, all of the
implanted wireless electrode assemblies 120 may be charged simultancously by a
single burst of an RF charging field from a transmitter antenna 60. Because back
reaction of the wireless electrode assemblies 120 on the antenna 60 may be small,
transmitter 50 (FIG. 3) losses may be primarily due to Ohmic heating of the transmit
antenna 60 during the transmit burst, Ohmic heating of the receive coil 122, and
Ohmic heating of conductive body tissues by eddy currents induced in these tissues
by the applied RF magnetic field. By way of comparison, if eight wireless electrode

assemblies 120 are implanted and each is addressed independently for charging, the
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transmitter 50 may be turned ON eight times as long, which may require almost eight
times more energy, the additional energy being primarily lost in heating of the
transmit antenna 60 and conductive body tissues. With the wireless electrode
assembly 120 of FIG. 5, however, all implanted wireless electrode assemblies can be
charged simultancously with a burst of RF current in antenna 60, and antenna and
body tissue heating occurs only during the time required for this single short burst.
Each wireless electrode assembly 120 is addressed independently through its filter
device 176 to trigger pacing. The transmitted trigger fields can be of much smaller
amplitude, and therefore lose much less energy to Ohmic heating, than the transmitted
charging pulse.

Referring now to the process of delivering the wireless electrode assemblies
120 to the heart wall tissue 35 as shown in FIGS. 6-8, the electrode delivery system
100 may be operated to initially penetrate the heart wall tissue 35 with the guide wire
instrument 140 before advancing the electrode assembly 120 into the tissue 35. Such
initial penetration by the guide wire instrument 140 can facilitate the subsequent
penetration by the electrode assembly 120. As shown in FIG. 6, the guide sheath 110
is shown within a targeted heart chamber, and the delivery catheter 130 may be
advanced to an implantation site along the endocardium 33. As previously described
in connection with FIGS. 2-3, the guide sheath 110 may be introduced via an incision
in the patient’s neck and advanced through the venous system to the heart 30 (e.g.,
though the superior vena cava and into the heart 30) or via an incision in the patient’s
leg and advanced through one or more arteries to the heart 30 (e.g., through the
femoral artery, around the aortic arch, and into the heart 30). Also as previously
described, the delivery catheter 130 can be directed through the guide sheath 110 to
the targeted heart chamber. The magnetic coupling device 150 may releasably retain
the electrode assembly 120 in the non-deployed position inside the distal portion 134
of the delivery catheter 130. In this embodiment, the distal section 162 of the
actuation member 160 is in a retracted position such that the shoulder 164 is separated
from the centering mechanism 154 by at least a separation distance L.

Still referring to FIG. 6, when the delivery catheter 130 has been directed to
the targeted implantation site along the endocardium 33, the distal tip portion 142 of
the guide wire instrument 140 can be advanced distally to penetrate through the

endocardium and into the heart wall tissue 35. As previously described, the guide
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wire instrument 140 may include at least one sensor electrode 144 along its distal tip
portion 142 that is configured to sense local electrical activity (e.g., an electrogram or
the like) and to transmit a test stimulation signal (e.g., a pacing signal) at the
implantation site. In these circumstances, the guide wire instrument 140 may be used
to determine if the implantation site is suitable for receipt of an electrode assembly
120 before the electrode assembly 120 is advanced into the heart wall tissue 35. The
sensor electrode 144 may be in electrical communication with an electrogram or ECG
monitor system (e.g., outside the patient’s body) or the like so that a physician may
view the local electrical activity in the heart wall tissue 35 into which the distal tip
portion 142 has penetrated. Optionally, a pulse generator device or the like may be
electrically connected to the proximal portion 148 (FIG. 3) of the guide wire
instrument 140 so as to transmit test pacing signals to heart wall tissue 35 proximate
to the sensor electrode 144.

Referring to FIG. 7, after the guide wire instrument 140 has penetrated into the
heart wall tissue 35, the actuation member 160 may be adjusted so as to force the
electrode assembly 120 over the guide wire instrument 140 and into the heart wall
tissue 35. As previously in connection with FIGS. 2-3, a surgeon or other user may
actuate a hand-operated trigger device 137 (FIG. 3) or the like disposed along the
proximal portion 138 of the delivery catheter 130 to adjust the position of the distal
section 162 of the actuation member 160. For example, the distal section 162 of the
actuation member 162 may abut the proximal surface 128 of the electrode assembly
120 so that the actuation member 160 transmits an insertion force to the electrode
assembly 120 (in response to actuation of the trigger device 137 (FIG. 3)). Such an
insertion force advances the electrode assembly 120 over the guide wire instrument
140 as the guide wire channel 122 slides over the distal tip portion 142. Also, as
previously described, the tissue penetration surface 127 may engage to the heart wall
tissue 130 to open the tissue as the electrode assembly 120 is advanced. The actuation
member 160 may be pushed forward by a distance L (FIG. 6) before the shoulder 164
abuts the centering mechanism 154. According, the depth of penetration of the
electrode assembly 120 is controlled by the limited distance to which the actuation
member 160 may be adjusted while advancing the electrode assembly 120. In other
embodiments, the depth of penetration of the electrode assembly 120 may be

controlled or monitored using stopper devices, depth markings along the trigger
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device 137 (FIG. 3), or the like. Advancing the electrode assembly 120 into the heart
wall tissue 130 in such a controllable manner can reduce the likelihood of forcing the
electrode assembly 120 fully through the heart wall.

Referring to FIG. 8, after the electrode assembly 120 is advanced over the
guide wire instrument 140 to a selected depth into the heart wall tissue 35, the guide
wire instrument 140 and the actuation member 160 may be withdrawn from the tissue
35. The opening in the endocardium 33 through which the actuation member 160 was
passed may substantially retract after the actuation member 160 is withdrawn, thereby
embedding the electrode assembly 120 in the heart wall tissue 35. In some
embodiments, the embedded electrode assembly 120 may be prompted to transmit a
test stimulation pulse from the electrode surfaces 124 and 126, which can verify the
operability of the electrode assembly 120 in the implantation site. The actuation
member 160, the guide wire instrument 140, and the delivery catheter 130 may be
retracted from the guide sheath 110 while the guide sheath 110 maintains the delivery
path into the targeted heart chamber. As previously described, if a subsequent
electrode assembly 120 is to be delivery to the same heart chamber, a new electrode
assembly 120 may be loaded into the same delivery catheter 130 (or into a new
delivery catheter 130 having a similar construction) for delivery through the guide
sheath 110 to a new implantation site along the targeted heart chamber wall. Thus, the
subsequent electrode assembly 120 can be delivered to the targeted heart chamber
without having to remove the guide sheath 110 from the heart 30, thereby reducing
the likelihood of irritation or trauma to the atrial septum, the heart valves, and other
heart structures caused by repeated insertions of a sheath or catheter.

Referring now to FIGS. 9-10, in some embodiments, the electrode assembly
120 may be advanced into the heart wall tissue 35 in a direction that is non-
perpendicular to the endocardial surface 33. For example, some embodiments of the
guide wire instrument 240 may include a curved section 245 along the distal tip
portion 242 so that the electrode assembly follows a curved path as it is advanced into
the heart wall tissue 35. As shown in FIG. 9, some embodiments of an electrode
delivery system 200 include a curved guide wire instrument 240 that is slidably
engageable with a wireless electrode assembly 120. As described in connection with
previous embodiments, the wireless electrode assembly 120 may include a guide wire

channel 122 that slidably engages the guide wire instrument 240 during advancement
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into the heart wall tissue 35. Similar to the previously described embodiments, the
electrode assembly 120 may be releasably retained in a delivery catheter 130 using a
magnetic coupling device 150, and an actuation member 160 may be adjusted in a
controlled manner to advance the electrode assembly 120 over the guide wire
instrument 240.

Still referring to FIG. 9, when the delivery catheter 130 has been directed to
the targeted implantation site along the endocardium 33, the distal tip portion 242 of
the guide wire instrument 240 can penetrate through the endocardium 33 and into the
heart wall tissue 35. Similar to previous embodiments, the guide wire instrument 240
may include at least one sensor electrode 244 along its distal tip portion 242 that is
configured to sense local electrical activity (e.g., an electrogram or the like) and to
transmit a test stimulation signal (e.g., a pacing signal) at the implantation site. The
distal portion 242 of the guide wire instrument 240 may include at least one curved
section 245 that permits the distal portion to penetrate a particular distance before
turning an tunneling sideways into the heart wall tissue 35. The radius of curvature,
the stiffness of the curved section, and the shape of the remaining portions of the
distal tip portion 242 may be selected based at least in part upon the penetration
resistance of the myocardium encountered by the distal tip portion 242. In some
embodiments, the curved section 245 may be configured to provide the desired
penetration depth and curvature into a desired tissue plane between the myocardial
tissue fibers. In this embodiment, at least the curved section 245 of the distal tip
portion 242 comprises an elastically deformable material such as a shape memory
material (e.g., Nitinol or the like) that exhibits elasticity or superelasticity when used
in the patient’s body. The clastically deformable material the permits the curved
section 245 to be substantially straightened while passing through the channel in the
actuation member 160 (e.g., passed through the delivery catheter 130 toward the heart
chamber wall). Such an elastically deformable material can return to the desired
curvature after being released from the restraint in the channel of the actuation
member 160.

Referring to FIG. 10, after the guide wire instrument 240 has penetrated in the
heart wall tissue 35 and curved in a path non-perpendicular to the endocardial surface
33, the actuation member 160 can be adjusted to advance the electrode assembly 120

over the guide wire 240 and into the tissue 35. As the actuation member 160 applies
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an insertion force to the electrode assembly 120, the electrode assembly 120 may
slidably engage the distal tip portion 242 and penetrate along the curved path toward
the direction that is non-perpendicular to the endocardial surface. In some
circumstances, the distal section 162 of the actuation member 160 may comprise a
flexible material (e.g., a polymer shaft, a shaft comprising metallic coils, or the like)
so that it may advance over at least a portion of the curved section 245. As previously
described, the actuation member 160 may be controllably adjusted so that the
electrode assembly 120 is advanced a selected distance along the guide wire
instrument 240. In the embodiment shown in FIG. 10, the electrode assembly 120
includes one or more barbs 129 that extend outward from the body portion 125 when
the electrode assembly 120 is deployed into the heart wall tissue 35. The barbs 129
may comprise a shape memory material (e.g., Nitinol or the like) that can flex into a
non-deployed configuration (refer to FIG. 9) when the electrode assembly 120 is
releasably retained in the delivery catheter 130. The barbs 129 may be deployed as
fixation devices to maintain the orientation of the electrode assembly 120 while the
actuation member 160 and guide wire instrument 240 are withdrawn from the tissue
35.

Referring to FIGS. 11-13, the distal tip portion 240 of the guide wire
instrument 240 may be configured to bend during insertion into the heart wall tissue
35 so as to provide a curved insertion path. For example, as shown in FIG. 11, the
distal tip portion 249 may include a pointed tip 249 that penetrates into the tissue 35
before a shape memory curved section (refer to section 245 in FIGS. 9-10) causes the
distal tip portion to extend along a curved path in the heart wall tissue 35. In addition
or in the alternative, a guide wire instrument 250 may be formed with a flattened tip
259 that can penetrate into the heart wall tissue 35 but subsequently bends when more
rigid tissue is encountered. Thus, in some circumstances, the guide wire instrument
250 may be advanced into the heart wall tissue 35 and through the myocardium before
encountering a more rigid portion of the epicardial layer. In response thereto, the
flattened tip 259 of the guide wire instrument 250 may flex so that the distal portion
252 of the guide wire instrument 250 extends in a curved path through the heart wall
tissue 35. In yet another embodiment, a guide wire instrument 260 may include a
combination of a pointed and flattened tip 269 that can penetrate into the heart wall

tissue 35 but subsequently bends when more rigid tissue is encountered. Such a guide
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wire instrument 250 or 260 with a bendable tip configuration may be used to form the
curved path rather than the previously described shape memory curved section 245.

Referring now to FIGS. 14-15, some embodiments of a guide wire instrument
may include a fixation device along the distal tip portion so that the guide wire
instrument may be secured to the heart wall tissue 35 during the advancement of the
electrode assembly 120 into the tissue 35. Such a fixation device can maintain the
position of the guide wire instrument and reduce the likelihood of the distal tip portion
being extended or retracted during the electrode assembly insertion process. For
example, as shown in FIG. 14, some embodiments of a guide wire instrument 270
may include a fixation device in the form of a helical tine 279 extending from the
distal tip portion 272. As such, the guide wire instrument 270 may be twisted as it
penetrates into the heart wall tissue 35 so that the distal tip portion 272 is “screwed
into” the heart wall tissue 35. After the electrode assembly 120 is advanced into the
selected implantation site, the guide wire instrument 270 may be withdrawn by
twisting the instrument in the opposite direction to “unscrew from” the heart wall
tissue 35. In another example, as shown in FIG. 15, some embodiments of a guide
wire instrument 280 may include a fixation device in the form of a adjustable barbs
289 that extend from a non-deployed configuration to a deployed configuration. In
these embodiments, the adjustable barbs may be in a non-deployed configuration as
the guide wire instrument 280 is passed through the delivery catheter 130 toward the
heart wall tissue 35. The adjustable barbs may expand outward (e.g., away from the
central guide wire axis) when no longer restrained by the surrounding instruments.

Referring to FIGS. 16-17, some embodiments of an electrode delivery system
may include a guide wire instrument having a detachable tip portion. As such, the
detachable tip portion may remain engaged with the electrode assembly 120 after it
has been embedded in the heart wall tissue 35.

As shown in FIG. 16, one embodiment of an electrode delivery system 300
includes a delivery catheter 130 that can be directed through a guide sheath (not
shown in FIG. 16) toward an targeted site along the endocardium 33. Similar to
previously described embodiments, the electrode delivery system 300 may include a
magnetic coupling device 150 to releasably retain the electrode assembly 120 in the
delivery catheter 130 and may include an actuation member 160 to advance the

electrode assembly 120 over the guide wire instrument 340. The guide wire
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instrument may be detachable along mating portions 347 and 348 so that the
detachable portion 342 remains with the electrode assembly 120 in the heart wall
tissue 35.

In operation of the electrode delivery system 300, the delivery catheter 130
may be directed to a targeted site on the endocardium 33, and the guide wire
instrument 340 may be inserted through the endocardium 33 and into the heart wall
tissue 35. The guide wire instrument 340 may include adjustable barbs 349
extending from a distal tip so as to secure the detachable portion 342 of the guide wire
instrument 340 to the heart wall tissue 35. After the guide wire instrument has
initiated penetration into the heart wall tissue 35, the actuation member 160 may
apply an insertion force to the electrode assembly 120 so that the electrode assembly
separates from the magnetic coupling device 150 and advances along the guide wire
instrument 340 to a controlled depth. Similar to previously described embodiments,
the electrode assembly 120 may include one or more barbs 129 that adjust to a
deployed configuration so as to retain the position of the electrode assembly 120 in
the heart wall tissue 35. After the electrode assembly 120 is advanced to into the
heart wall tissue, the guide wire instrument 340 may be detached along the mating
portions 347 and 348 so that the detachable portion 342 remains engaged with the
electrode assembly 120. For example, the mating portions 347 and 348 may comprise
mating tongue and groove sections that are separable when a torque is applied to the
proximal end of the guide wire instrument 340 (similar to the proximal portion 148
shown in FIG. 3). Such a relative twisting action may cause the mating portions 347
and 348 to separate, thereby permitting the guide wire instrument 340 (along with the
actuation member 160) to be retracted away from the heart chamber wall. The
detachable tip portion 342 of the guide wire instrument 340 may serve as an anchor to
the electrode assembly 120 embedded in the heart wall tissue 35. For example, the
detachable tip portion 342 may reduce the likelihood of migration and changes in
orientation of the electrode assembly 120 after repeated heart contractions.

Referring to FIG. 17, another embodiment of an electrode delivery system 400
includes a guide wire instrument 440 having a detachable tip portion 442 that is
curved. In this embodiment, the electrode delivery system 400 includes a delivery
catheter 130 that can be directed through a guide sheath (not shown in FIG. 17)

toward an targeted site along the endocardium 33. Similar to previously described
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embodiments, the electrode delivery system 400 may include a magnetic coupling
device 150 to releasably retain the electrode assembly 120 in the delivery catheter 130
and may include an actuation member 160 to advance the electrode assembly 120
over the guide wire instrument 440. The guide wire instrument 440 may be
detachable along mating portions 447 and 448 so that the detachable portion 442
remains with the electrode assembly 120 in the heart wall tissue 35. Also, the guide
wire instrument 440 includes two curved sections 445 and 446 so that the guide wire
instrument 440 penetrates along a curved path in the heart wall tissue 35.

In operation of the electrode delivery system 400, the delivery catheter 130
may be directed to a targeted site on the endocardium 33, and the guide wire
instrument 440 may be inserted through the endocardium 33 and into the heart wall
tissue 35. The curved sections 445 and 446 of the guide wire instrument 440 may
cause the detachable tip portion 442 to penetrate through the endocardium 33 into the
heart wall tissue 35 a certain depth before curving along a path that is non-
perpendicular to the endocardial surface 33 and then curve again in a path that returns
toward the endocardial surface 33. After the guide wire instrument 440 has initiated
penetration into the heart wall tissue 35, the actuation member 160 may apply an
insertion force to the electrode assembly 120 so that the electrode assembly 120
separates from the magnetic coupling device 150 and advances along the guide wire
instrument 440 for a selected advancement length. Similar to previously described
embodiments, the electrode assembly 120 may include one or more barbs 129 that
adjust to a deployed configuration so as to retain the position of the electrode
assembly 120 in the heart wall tissue 35. After the electrode assembly 120 is
advanced to into the heart wall tissue 35, the guide wire instrument 440 may be
detached along the mating portions 447 and 448 so that the detachable portion 442
remains engaged with the electrode assembly 120. As such, the guide wire instrument
440 (along with the actuation member 160) can be retracted away from the heart
chamber wall. The detachable tip portion 442 of the guide wire instrument 440 may
serve as an anchor to the electrode assembly 120 embedded in the heart wall tissue 35.
For example, the detachable tip portion 442 can maintain the orientation of the
electrode assembly 120 in the heart wall tissue 35 and the second curved sections 446
may inhibit the electrode assembly 120 from forwardly migrating toward the distal tip
of the detachable portion 442.
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Referring to FIGS. 18-19, some embodiments of an electrode delivery system
500 may include a detachable anchor mechanism 570 that engages the electrode
assembly 120 after the guide wire instrument 540 has been withdrawn from the heart
wall tissue 35. In this embodiment, the electrode delivery system 500 includes a
delivery catheter 130 that can be directed through a guide sheath (not shown in FIGS.
18-19) toward a targeted site along the endocardium 33. Similar to previously
described embodiments, the electrode delivery system 500 may include a magnetic
coupling device 150 to releasably retain the electrode assembly 120 in the delivery
catheter 130 and may include an actuation member 160 to advance the electrode
assembly 120 over the guide wire instrument 540 that the detachable anchor
mechanism 570. The guide wire instrument 540 may be slidably engaged with the
detachable anchor mechanism 570, and the wireless electrode assembly may include a
guide wire channel 522 so as to slide over the guide wire instrument 540 and the
detachable anchor mechanism 570. The anchor mechanism 570 can be detachable
along mating portions 577 and 578 so that the detachable distal portion 572 remains
with the electrode assembly 120 in the heart wall tissue 35.

In operation of the electrode delivery system 500, the delivery catheter 130
may be directed to a targeted site on the endocardium 33, and the guide wire
instrument 540 may be inserted through the endocardium 33 and into the heart wall
tissue 35 (refer, for example, to FIG. 18). After the guide wire instrument 540 has
penetrated into the heart wall tissue 35, the anchor mechanism 570 may be advanced
over the guide wire instrument 540 and into the heart wall tissue 35 to further dilate
the opening formed in the endocardium 33 (refer, for example, to FIG. 18). The
anchor mechanism 570 may include one or more adjustable barbs 579 extending from
a distal tip portion so as to secure the anchor mechanism 570 to the heart wall tissue
35. After the guide wire instrument 540 and the anchor mechanism 570 have initiated
penetration into the heart wall tissue 35, the actuation member 160 may apply an
insertion force to the electrode assembly 120 so that the electrode assembly 120
separates from the magnetic coupling device 150 and advances over the anchor
mechanism 570 for a selected advancement length. When the electrode assembly 120
is advanced to into the heart wall tissue 35, the anchor mechanism 570 may be
detached along the mating portions 577 and 578 so that the detachable portion 572

remains engaged with the electrode assembly 120. In these circumstances, the anchor
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mechanism 570, the guide wire instrument 540, and the actuation member 160 can be
retracted away from the heart chamber wall (refer, for example, to FIG. 19).
Optionally, the guide wire instrument 540 may be withdrawn from the heart wall
tissue before the electrode assembly 120 is advanced over the anchor mechanism 570.

The detachable distal portion 572 of the anchor mechanism 570 may serve as
an anchor to the electrode assembly 120 embedded in the heart wall tissue 35. In this
embodiment shown in FIG. 19, the mating portion 578 is bent during the detachment
process (or elastically biased) so as to engage an inner conical surface 528 of the
electrode assembly 120. Such an engagement reduces the likelihood of the electrode
assembly 120 migrating proximally away from the adjustable barbs 579 at the distal
tip of the detachable portion 572. Accordingly, the detachable distal portion 572 may
serve to maintain the orientation of the electrode assembly 120 in the heart wall tissue
35.

Referring now to FIG. 20, some embodiments of an electrode delivery system
600 may include a guide wire instrument 640 having a detachment tip portion 642
configured to engage an inner surface of the electrode assembly 120 when implanted
in the heart wall tissue 35. In this embodiment, the electrode delivery system 600
includes a delivery catheter 130 that can be directed through a guide sheath (not
shown in FIG. 20) toward a targeted site along the endocardium 33. Similar to
previously described embodiments, the electrode delivery system 600 may include a
magnetic coupling device 150 (not shown in FIG. 20) to releasably retain the electrode
assembly 120 in the delivery catheter 130 and may include an actuation member 160
to advance the electrode assembly 120 over the guide wire instrument 640. The guide
wire instrument 640 may be detachable along mating portions 647 and 648 so that the
detachable portion 642 remains with the electrode assembly 120 in the heart wall
tissue 35. Also, the guide wire instrument 640 can include one or more adjustable
stoppers 646 to engage one or more inner surfaces of the electrode assembly 120.

In operation of the electrode delivery system 600, the delivery catheter 130
may be directed to a targeted site on the endocardium 33, and the guide wire
instrument 640 may be inserted through the endocardium 33 and into the heart wall
tissue 35. The guide wire instrument includes one or more adjustable barbs 649 that
extend from the distal tip to secure the detachable tip portion 642 to the heart tissue.
The adjustable barbs 649 and the adjustable stoppers 646 may be flexed into a non-
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deployed configuration (e.g., pressed against the guide wire body) when the guide
wire instrument is passed through a central channel of the actuation member 160. As
the detachable tip portion 642 is inserted into the heart wall tissue, the adjustable
barbs 649 and the adjustable stoppers may extend outwardly to a deployed
configuration (as shown, for example, in FIG. 20). After the guide wire instrument
640 has initiated penetration into the heart wall tissue 35, the actuation member 160
may apply an insertion force to the electrode assembly 120 so that the electrode
assembly 120 separates from the magnetic coupling device 150 and advances along
the guide wire instrument 640 for a selected advancement length. The electrode
assembly 120 may advance in a distal direction over the stoppers 646 during the
insertion process (¢€.g., the stoppers 646 may partially flex inwardly to permit passage
of the electrode assembly 120 in the distal direction). When the electrode assembly is
advanced to the selected advancement length, the stoppers 646 may engage one or
more inner surfaces 626 of the electrode assembly 120, which can reduce the
likelihood of the electrode assembly 120 migrating proximally away from the
adjustable barbs 649 at the distal tip of the detachable portion 642.

After the electrode assembly 120 is advanced into the heart wall tissue 35, the
guide wire instrument 640 may be detached along the mating portions 647 and 648 so
that the detachable portion 642 remains engaged with the electrode assembly 120. As
such, the guide wire instrument 640 (along with the actuation member 160) can be
retracted away from the heart chamber wall. The detachable tip portion 642 of the
guide wire instrument 640 may serve as an anchor to the electrode assembly 120
embedded in the heart wall tissue 35. For instance, the detachable tip portion 642 can
maintain the orientation of the electrode assembly 120 in the heart wall tissue 35.

Referring to FIGS. 21-25, some embodiments of an electrode delivery system
may include a delivery catheter that is configured to releasably secure to the heart
wall tissue 35 during the implantation process. Such a releasable attachment to the
heart chamber wall permits the delivery catheter to maintain its position adjacent the
targeted implantation site. After the electrode assembly 120 is inserted into the heart
wall tissue 35, the delivery catheter may be released from the heart chamber wall and
withdrawn into the guide sheath 110.

As shown in FIG. 21, some embodiments of an electrode delivery system 700

may include a delivery catheter 730 having a fixation device to releasably engage the
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heart wall tissue 35. In this embodiment, the delivery catheter 730 includes a fixation
device in the form of a helical tine 735 that extends distally from the tip of the
delivery catheter 730. The electrode delivery system 700 includes a guide sheath 110
that slidably receives the delivery catheter 730 so that the delivery catheter can be
directed toward an targeted site along the endocardium 33. Similar to previously
described embodiments, the electrode delivery system 700 may include a magnetic
coupling device 150 to releasably retain the electrode assembly 120 (not shown in
FIG. 21) in the delivery catheter 730 and may include an actuation member 160 (not
shown in FIG. 21) to advance the electrode assembly 120 over the guide wire
instrument 140.

In operation, the delivery catheter 730 may be twisted as it approaches the
endocardium 33 so that the helical tine 735 is “screwed into” the heart wall tissue 35.
After the delivery catheter is secured to the heart wall tissue, the guide wire
instrument 140 can penetrate into the heart wall tissue 35 to prepare the insertion path
for the electrode assembly 120 (not shown in FIG. 21). When the guide wire
instrument has penetrated into the heart wall tissue 35, the electrode assembly 120
may be advanced over the guide wire instrument 140, as described in previous
embodiments, for example, in connection with FIGS. 6-8. After insertion of the
electrode assembly 120, the guide wire instrument 140 and the actuation member 160
(not shown in FIG. 21) can be retracted into the delivery catheter 730, and the helical
tine 735 of the delivery catheter 730 can be “unscrewed” or otherwise released from
the heart wall tissue 35. It should be understood that, in some embodiments, the
electrode delivery system 700 may include the delivery catheter 730 to releasably
secure with the heart wall tissue 35 and may include one or more alternative guide
wire instruments, such as those guide wire embodiments previously described in
connection with FIGS. 9-17 and 20.

Referring to FIGS. 22-25, some embodiments of an electrode delivery system
800 may include a delivery catheter 830 having at least one adjustable fixation device
to releasably engage the heart wall tissue 35. In this embodiment, the delivery
catheter 830 includes adjustable fixation devices in the form of adjustable barbs 835
that can be distally extended to curl outwardly from the tip of the delivery catheter
830. The electrode delivery system 800 includes a guide sheath 110 that slidably
receives the delivery catheter 830 so that the delivery catheter 830 can be directed

32



10

15

20

25

30

WO 2008/011626 PCT/US2007/074125

toward an targeted site along the endocardium 33. Similar to previously described
embodiments, the electrode delivery system 800 may include a magnetic coupling
device 150 to releasably retain the electrode assembly 120 (not shown in FIGS. 22-
25) in the delivery catheter 830 and may include an actuation member 160 (not shown
in FIGS. 22-25) to advance the electrode assembly 120 over the guide wire instrument
140.

In operation, the adjustable barbs 835 may be retracted in a non-deployed
configuration as the delivery catheter 830 approaches the endocardium 33 (refer, for
example, to FIGS. 23-24). The adjustable barbs 835 may be coupled with a slider
ring 836 that is extended and retracted by a threaded ring 837. The threaded ring 837
may be engaged by mating threads 838 along an inner distal surface of the delivery
catheter 830. As such, an actuation shaft 839 that is fixedly attached to the threaded
ring 837 may be twisted so as to turn the threaded ring 837 relative to the threads 838.
Such a turning motion causes the threaded ring 837 to push (or pull) the slider ring
836 between the non-deployed configuration (FIG. 24) and the deployed configuration
(FIG. 25). As the slider ring 836 is moved to the distal position (FIG. 25), the
adjustable barbs 835 may extend distally from the delivery catheter 830 to engage the
heart wall tissue 35. In this embodiment, the adjustable barbs 835 may comprise a
shape memory material (e.g., Nitinol or the like) so that the barbs 835 curl outwardly
away from the distal tip of the delivery catheter 830 when disposed in the deployed
configuration. Such an embodiment permits the barbs to be flexed into a generally
non-curved, longitudinal orientation when disposed in the non-deployed configuration
(as shown, for example, in FIG. 24).

After the delivery catheter 830 is secured to the heart wall tissue 35, the guide
wire instrument 140 can penetrate into the heart wall tissue 35, as shown in FIG. 22,
to prepare the insertion path for the electrode assembly 120 (the electrode assembly
120 is not shown in FIG. 22) . When the guide wire instrument has penetrated into the
heart wall tissue 35, the electrode assembly 120 may be advanced over the guide wire
instrument 140, as described in previous embodiments, for example, in connection
with FIGS. 6-8. After insertion of the electrode assembly 120, the guide wire
instrument 140 and the actuation member 160 (not shown in FIGS. 22-25) can be
retracted into the delivery catheter 830, and the adjustable barbs 835 of the delivery

catheter 830 can be released from the heart wall tissue 35. It should be understood
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that, in some embodiments, the electrode delivery system 800 may include the
delivery catheter 830 to releasably secure with the heart wall tissue 35 and may
include one or more alternative guide wire instruments, such as those guide wire
embodiments previously described in connection with FIGS. 9-17 and 20.

Accordingly, in these embodiments, the delivery catheter 730 or 830 may be
configured to releasably secured to the heart wall tissue 35 during the implantation
process. Such a releasable attachment to the heart chamber wall permits the delivery
catheter 730 or 830 to maintain its position adjacent the targeted implantation site.
After the electrode assembly 120 is inserted into the heart wall tissue 35, the delivery
catheter 730 or 830 may be released from the heart chamber wall and withdrawn into
the guide sheath.

It should be understood from the description here that the delivery system 100
can be employed to deliver electrode assemblies 120 to locations in the body other
than the human 30. For example, the guide sheath 110 and delivery catheter 130 can
be used to implant one or electrode assemblies 120 to tissue in the digestive tract (e.g.,
stomach tissue) for electrical stimulation treatment of digestive conditions or obesity.
In another example, the guide sheath 110 and delivery catheter 130 can be used to
implant one or electrode assemblies 120 to tissue in the urinary tract (e.g., urinary
sphincter) for electrical stimulation treatment of incontinence or other urinary
conditions.

A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. Accordingly, other embodiments

are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. An electrode delivery system for delivering a wireless electrode assembly into a
heart chamber wall, the system comprising:

a wireless electrode assembly including a body that defines a guide wire
channel extending therethrough;

a delivery catheter to direct the wireless electrode assembly through a heart
chamber and toward a heart chamber wall, the delivery catheter including a distal
opening through which the wireless electrode assembly is passable for delivery into
the heart chamber wall; and

a guide wire instrument passable through the delivery catheter to penetrate
into the heart chamber wall, the guide wire instrument having a distal tip portion that
is slidable within the guide wire channel of the wireless electrode assembly when the
wireless electrode assembly is advanced over the guide wire instrument into the heart

chamber wall.

2. The system of claim 1, wherein the distal tip portion of the guide wire instrument
is operable to define a penetration path through endocardium tissue and into
myocardium tissue of the heart wall chamber, the wireless electrode assembly being
slidable over the distal tip portion to implant into the myocardium tissue along the

penetration path.

3. The system of claim 1, further comprising an actuation member to push the
electrode assembly over the distal tip portion of the guide wire instrument and into the

heart chamber wall.

4. The system of claim 2, wherein the actuation member comprises a push rod

member movably adjustable within the delivery catheter.
5. The system of claim 2, wherein the actuation member and guide wire instrument

are retractable from the electrode assembly when the electrode assembly is advanced

into the heart chamber wall.

35



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

WO 2008/011626

6. The system of claim 1, further comprising a magnetic coupling device to
releasably retain the electrode assembly in a distal portion of the delivery catheter, the

magnetic coupling disposed within the delivery catheter.

7. The system of claim], further comprising a guide sheath to direct the delivery
catheter into the heart chamber, the delivery catheter being slidable within the guide

sheath to navigate through one or more blood vessels and into the heart chamber.

8. The system of claim 7, wherein the delivery catheter is fully retractable from the
guide sheath when the guide sheath remains disposed at least partially in the heart

chamber.

9. The system of claim 1, wherein the distal tip portion of guide wire instrument
includes a curved section, the wireless electrode assembly being slidable over the
curved section of the distal tip portion to implant into the myocardium tissue along a

penetration path that is non-perpendicular to the heart chamber wall surface.

10. The system of claim 1, wherein the distal tip portion of guide wire instrument

includes a fixation device to releasably couple with heart chamber wall.

11. The system of claim 1, wherein the distal tip portion of guide wire instrument is
detachable from a main body portion of the guide wire instrument so that the
detachable distal tip portion is operable to remain in the heart chamber wall when the

wireless electrode assembly is advanced into the heart chamber wall.
12. The system of claim 1, wherein the delivery catheter includes a fixation device to
releasably engage the heart chamber wall, the fixation device being disposed

proximate the distal opening of the delivery catheter.

13. The system of claim 1, wherein the wireless electrode assembly includes at least

one tine extending from the body to engage heart tissue.
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14. The system of claim 1, wherein the wireless electrode assembly includes an
inductive coil to wirelessly receive power and includes at least one electrode surface

to deliver stimulation energy to heart tissue.

15. An electrode delivery system for delivering a wireless electrode assembly into a
heart chamber wall, the system comprising:

a delivery catheter to direct a wireless electrode assembly toward a heart
chamber wall when the electrode assembly is disposed therein, the delivery catheter
including a distal opening through which the wireless electrode assembly is passable;

an actuation member to push the electrode assembly out of the distal opening
of the delivery catheter and into the heart chamber wall, the actuation member being
movably adjustable within the delivery catheter; and

a guide wire instrument passable through the delivery catheter and having a
distal tip portion to define a penetration path through endocardium tissue and into
myocardium tissue of the heart wall chamber,

wherein when the actuation member pushes the electrode assembly out of the
distal opening of the delivery catheter, the electrode assembly advances over the distal
tip portion of the guide wire instrument to implant into the myocardium tissue along

the penetration path.

16. The system of claim 15, further comprising a coupling device to releasably retain
the electrode assembly in a distal portion of the delivery catheter when the electrode

assembly is disposed in the delivery catheter.

17. The system of claim 15, further comprising a guide sheath to direct the delivery
catheter into the heart chamber, the delivery catheter being slidable within the guide

sheath to navigate through one or more blood vessels and into the heart chamber.
18. The system of claim 17, wherein the delivery catheter is fully retractable from the

guide sheath when the guide sheath remains disposed at least partially in the heart

chamber.
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19. The system of claim 15, wherein the distal tip portion of guide wire instrument
includes at least one sensor electrode surface to sense electrical activity in the heart

chamber wall.

20. The system of claim 19, wherein the at least one sensor electrode surface is

configured to delivery a test stimulation pulse to the heart chamber wall.

21. The system of claim 15, wherein the distal tip portion of guide wire instrument
includes a curved section to define the penetration path through the myocardium

tissue in a direction non-perpendicular to the heart chamber wall surface.

22. The system of claim 15, wherein the distal tip portion of guide wire instrument

includes a fixation device to releasably couple with heart chamber wall.

23. The system of claim 15, wherein the distal tip portion of guide wire instrument is
detachable from a main body portion of the guide wire instrument so that the
detachable distal tip portion is operable to remain in the heart chamber wall when the

wireless electrode assembly is advanced into the heart chamber wall.

24. The system of claim 15, further comprising a wireless electrode assembly for

deployment from the delivery catheter and into the heart chamber wall.

25. A wireless electrode assembly for electrical stimulation of heart tissue,
comprising:

a body portion at least partially containing a circuit to deliver electrical
stimulation from an electrode surface;

a tissue penetration surface along the body portion to initiate penetration of the
body portion into a heart chamber wall; and

a guide wire channel defined by the body portion and extending in a

longitudinal direction through the body portion toward the tissue penetration surface.
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26. The wireless electrode assembly of claim 25, wherein the guide wire channel is
slidable over a guide wire instrument when the body portion is advanced over the

guide wire instrument into the heart chamber wall.

27. The wireless electrode assembly of claim 26, wherein body portion includes a
proximal surface that is magnetically attractable to a coupling device when the body

portion is adjacent the coupling device.

28. The wireless electrode assembly of claim 25, wherein the body portion has a

longitudinal length of about 5 mm to about 15 mm.

29. The wireless electrode assembly of claim 25, wherein the guide wire channel has a

diameter of about 0.3 mm to about 0.5 mm.

30. The wireless electrode assembly of claim 25, wherein the tissue penetration

surface comprises a generally conical surface.

31. The wireless electrode assembly of claim 25, further comprising at least one tine

extending from the body portion to engage heart tissue.

32. The wireless electrode assembly of claim 25, further comprising a coil to
wirelessly receive power from an electro-magnetic field and comprising first and

second electrode surfaces to delivery electrical stimulation energy to heart tissue.

33. A method for delivering a wireless electrode assembly into a heart chamber wall,
the method comprising:

directing a distal portion of a delivery catheter into a heart chamber;

advancing a guide wire instrument out of the distal portion of the delivery
catheter to penetrate a distal tip portion of guide wire instrument into a heart chamber
wall; and

advancing a wireless electrode assembly out of the distal portion of the
delivery catheter and over the distal tip portion of the guide wire instrument to

implant the electrode assembly in the heart chamber wall.
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34. The method of claim 33, further comprising directing a guide sheath through one
or more blood vessels and into the heart chamber before directing the distal portion of

the delivery catheter through the guide sheath and into a heart chamber.

35. The method of claim 34, further comprising retracting the delivery catheter from
the guide sheath after the wireless electrode assembly is advanced into the heart wall
chamber while the guide sheath remains disposed at least partially in the heart

chamber.

36. The method of claim 33, further comprising adjusting an actuation member
movably disposed in the delivery catheter to push the wireless electrode assembly

over the distal tip portion of the guide wire instrument.

37. The method of claim 34, wherein the distal tip portion of the guide wire
instrument defines a penetration path through endocardium tissue and into
myocardium tissue of the heart wall chamber so that the wireless electrode assembly

advances over the distal tip portion along the penetration path.
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