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7) ABSTRACT

A delivery and deployment device may include a handle
assembly and a shaft extending distally from the handle
assembly. A device containment housing may be coupled to
a distal region of the shaft and may extend distally there-
from. The distal containment housing may be configured to
accommodate at least a portion of the IMD therein. The IMD
may, for example, be a leadless pacemaker, a lead, a neu-
rostimulation device, a sensor or any other suitable IMD. A
plurality of electrodes may be distributed about an exterior
surface of the device containment housing such that at least
some of the plurality of electrodes may be positioned to test
a potential IMD deployment location before deploying the
IMD.
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IMPLANTABLE MEDICAL DEVICE
DELIVERY SYSTEM WITH INTEGRATED
SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 62/413,748 filed on Oct.
27, 2016, the disclosure of which is incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present disclosure pertains to medical devices,
and methods for manufacturing and/or using medical
devices. More particularly, the present disclosure pertains to
leadless devices and methods, such as leadless cardiac
pacing devices and methods, and delivery devices and
methods for such leadless cardiac pacing devices.

BACKGROUND

[0003] A wide variety of medical devices have been
developed for medical use, for example, cardiac use. Some
of these devices include catheters, leads, pacemakers, and
the like, and delivery devices and/or systems used for
delivering such devices. These devices are manufactured by
any one of a variety of different manufacturing methods and
may be used according to any one of a variety of methods.
Of the known medical devices, delivery systems, and meth-
ods, each has certain advantages and disadvantages. There is
an ongoing need to provide alternative medical devices and
delivery devices as well as alternative methods for manu-
facturing and using medical devices and delivery devices.

SUMMARY

[0004] This disclosure provides design, material, manu-
facturing method, and use alternatives for medical devices,
including delivery devices.

[0005] An example delivery and deployment device that is
configured to deliver an implantable medical device (IMD)
to a chamber of a patient’s heart and to deploy the IMD may
include a handle assembly and a shaft extending distally
from the handle assembly, the shaft including a distal region.
A device containment housing may be coupled to the distal
region of the shaft and may extend distally therefrom. The
distal containment housing may be configured to accommo-
date at least a portion of the IMD therein. The IMD may, for
example, be a leadless pacemaker, a lead, a neurostimulation
device, a sensor or any other suitable IMD. A plurality of
electrodes may be distributed about an exterior surface of
the device containment housing such that at least some of the
plurality of electrodes may be positioned to test a potential
IMD deployment location before deploying the IMD. In
some cases, a plurality of electrical conductors may be
operably coupled with the plurality of electrodes and may
extend proximally back along the shaft toward the handle
assembly, the plurality of electrical conductors having proxi-
mal ends configured to be operably coupled to a testing
device.

[0006] Alternatively or additionally to any of the embodi-
ments above, the plurality of electrodes may include at least
some electrodes that are radially disposed about the exterior
surface of the device containment housing.
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[0007] Alternatively or additionally to any of the embodi-
ments above, the plurality of electrodes may include at least
four electrodes spaced axially along the exterior surface of
the device containment housing, the at least four electrodes
including a first electrode, a second electrode, a third elec-
trode and a fourth electrode. The first electrode and the
fourth electrode may be spaced apart a first distance to form
a stimulation dipole providing a potential difference. The
second electrode and the third electrode may be spaced apart
a second distance less than the first distance to provide a
conductivity measurement by measuring a voltage between
the second electrode and the third electrode resulting from
the potential difference applied by the first electrode and the
second electrode and the second electrode and the third
electrode disposed between the first electrode and the fourth
electrode.

[0008] Alternatively or additionally to any of the embodi-
ments above, the plurality of electrodes may include a first
electrode and a second electrode disposed on an exterior
surface of the device containment housing to form a stimu-
lation bipole.

[0009] Alternatively or additionally to any of the embodi-
ments above, the delivery and deployment device may
further include a pressure sensor configured to obtain an
indication of pressure in the chamber of the patient’s heart
in response to a stimulating electrical pulse delivered via the
first electrode and the second electrode.

[0010] Alternatively or additionally to any of the embodi-
ments above, the pressure sensor may be disposed at or near
a proximal end of the device containment housing,.

[0011] Alternatively or additionally to any of the embodi-
ments above, the delivery and deployment device may
further include a first pressure sensor that is configured to
obtain an indication of pressure in the chamber of the
patient’s heart and a second pressure sensor that is config-
ured to obtain an indication of pressure in a different
chamber of the patient’s heart.

[0012] Alternatively or additionally to any of the embodi-
ments above, the delivery and deployment device may
further include an accelerometer and/or a gyroscope that is
fixed relative to the device containment housing.

[0013] Alternatively or additionally to any of the embodi-
ments above, at least some of the plurality of electrodes are
disposed on an expandable assembly movably secured about
an exterior of the device containment housing, the expand-
able assembly movable to a deployed configuration in which
at least some of the plurality of electrodes contact cardiac
tissue for endocardial mapping of at least part of the cham-
ber of the patient’s heart prior to IMD deployment.

[0014] Alternatively or additionally to any of the embodi-
ments above, the delivery and deployment device further
includes one or more magnet tracking sensor fixed relative
to the device containment housing for tracking purposes.
[0015] An example IMD implantation device that is con-
figured to deliver an implantable medical device (IMD) to a
chamber of a patient’s heart and to deploy the IMD therein
may include a handle assembly and a shaft extending
distally from the handle assembly, the shaft including a
distal region. A device containment housing may be coupled
to the distal region of the shaft and may extend distally
therefrom. The distal containment housing may be config-
ured to accommodate at least a portion of the IMD therein.
A deployment member may extend through the shaft and
may be configured to apply a deployment force to the IMD



US 2018/0117304 Al

in order to move the IMD from the device containment
housing to deploy the IMD in the patient’s heart. A plurality
of electrodes may be distributed about an exterior surface of
the device containment housing such that at least some of the
plurality of electrodes may be positioned to test a potential
IMD deployment location before deploving the IMD. A
plurality of electrical conductors may be operably coupled
with the plurality of electrodes and may extend proximally
back along the shaft toward the handle assembly, the plu-
rality of electrical conductors having proximal ends config-
ured to be operably coupled to a testing device.

[0016] Alternatively or additionally to any of the embodi-
ments above, the deployment member may be a push tube,
and the IMD implantation device may further include a
tether that extends distally through the push tube and is
coupled to the IMD, the tether configured to be used to
retrieve the IMD back into the device containment housing
if an alternate deployment location is desired.

[0017] Alternatively or additionally to any of the embodi-
ments above, the plurality of electrodes may include at least
four electrodes spaced axially along the device containment
housing, the at least four electrodes including a first elec-
trode, a second electrode, a third electrode and a fourth
electrode. The first electrode and the fourth electrode may be
spaced apart a first distance to form a stimulation dipole
providing a potential difference, wherein the fourth elec-
trode extends to a distal end of the device containment
housing. The second electrode and the third electrode may
be spaced apart a second distance less than the first distance
to provide a conductivity measurement by measuring a
voltage between the second electrode and the third electrode
resulting from the potential difference applied by the first
electrode and the second electrode and the second electrode
and the third electrode may be disposed between the first
electrode and the fourth electrode.

[0018] Alternatively or additionally to any of the embodi-
ments above, the plurality of electrodes may include a first
electrode and a second electrode that are disposed on an
exterior surface of the device containment housing to form
a stimulation bipole.

[0019] Alternatively or additionally to any of the embodi-
ments above, the IMD implantation device may further
include a pressure sensor that is configured to obtain an
indication of pressure in the chamber of the patient’s heart
in response to a stimulating electrical pulse delivered via the
first electrode and the second electrode.

[0020] Alternatively or additionally to any of the embodi-
ments above, the pressure sensor may be disposed at or near
a proximal end of the device containment housing.

[0021] Alternatively or additionally to any of the embodi-
ments above, the IMD implantation device may further
include an accelerometer and/or a gyroscope that is fixed
relative to the device containment housing.

[0022] An example implantation device that is configured
to deliver a leadless cardiac pacemaker (LCP) to a chamber
of a patient’s heart and to deploy the LCP therein may
include a handle assembly and a shaft that extends distally
from the handle assembly, the shaft including a distal region.
A device containment housing may be coupled to the distal
region of the shaft and may extend distally therefrom, the
device containment housing configured to accommodate the
LCP therein. A deployment member may extend through the
shaft and may be configured to apply a deployment force to
the LCP in order to move the LCP from a distal end of the
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device containment housing to deploy the LCP in the
patient’s heart. One or more tracking sensors may be fixed
relative to the device containment housing to facilitate
tracking of the device containment housing.

[0023] Alternatively or additionally to any of the embodi-
ments above, the one or more tracking sensors may include
a magnetic tracking sensor to facilitate magnet tracking of
the device containment housing and/or an impedance track-
ing sensor to facilitate impedance tracking of the device
containment housing.

[0024] Alternatively or additionally to any of the embodi-
ments above, the implantation device may further include an
LCP disposed within the device containment housing, and
the LCP may include one or more LCP magnetic tracking
sensors to facilitate magnet tracking of the LCP and/or one
or more LCP impedance tracking sensors to facilitate imped-
ance tracking of the LCP.

[0025] The above summary of some illustrative embodi-
ments is not intended to describe each disclosed embodi-
ment or every implementation of the present disclosure. The
Figures, and Detailed Description, which follow, more par-
ticularly exemplify some of these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The disclosure may be more completely under-
stood in consideration of the following detailed description
in connection with the accompanying drawings, in which:

[0027] FIG. 1is a plan view of an example leadless pacing
device implanted within a heart;

[0028] FIG. 2 is a side view of an example implantable
leadless cardiac pacing device;

[0029] FIG. 3 is a cross-sectional view of the implantable
leadless cardiac pacing device of FIG. 2;

[0030] FIG. 4 is a plan view of an example delivery device
for an implantable leadless cardiac pacing device;

[0031] FIG. 5 is a partial cross-sectional side view of the
distal portion of the delivery device of FIG. 4;

[0032] FIG. 6is atop view of the handle of the illustrative
delivery device of FIG. 4;

[0033] FIG. 7 is a bottom view of the handle of the
illustrative delivery device of FIG. 4;

[0034] FIG. 8 is a cross-section view of the handle of the
illustrative delivery device of FIG. 4 taken at line 8-8 in FIG.
6;

[0035] FIG. 9 is a perspective view of the handle of the
illustrative delivery device of FIG. 4 with portions removed,
[0036] FIGS. 10A-10E are schematic views illustrating
the use of the illustrative delivery device to deploy an
implantable leadless cardiac pacing device;

[0037] FIGS. 11A-11B are schematic views illustrating an
example telescoping feature of the illustrative delivery
device;

[0038] FIG. 12 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;

[0039] FIG. 13 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;

[0040] FIG. 14 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;

[0041] FIG. 15 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;
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[0042] FIG. 16 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;

[0043] FIG. 17 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;

[0044] FIG. 18 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing;

[0045] FIG. 19 is a schematic view of a distal portion of
the illustrative delivery device, showing features of the
device containment housing; and

[0046] FIG. 20 is a schematic view of an illustrative
imaging system.

[0047] While the disclosure is amenable to various modi-
fications and alternative forms, specifics thereof have been
shown by way of example in the drawings and will be
described in detail. It should be understood, however, that
the intention is not to limit the disclosure to the particular
embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the disclosure.

DETAILED DESCRIPTION

[0048] For the following defined terms, these definitions
shall be applied, unless a different definition is given in the
claims or elsewhere in this specification.

[0049] All numeric values are herein assumed to be modi-
fied by the term “about,” whether or not explicitly indicated.
The term “about” generally refers to a range of numbers that
one of skill in the art would consider equivalent to the
recited value (i.e., having the same function or result). In
many instances, the terms “about” may include numbers that
are rounded to the nearest significant figure.

[0050] The recitation of numerical ranges by endpoints
includes all numbers within that range (e.g. 1 to 5 includes
1, 1.5, 2, 2.75, 3,3.80, 4, and 5).

[0051] As used in this specification and the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the content clearly dictates otherwise. As
used in this specification and the appended claims, the term
“or” is generally employed in its sense including “and/or”
unless the content clearly dictates otherwise.

[0052] Itis noted that references in the specification to “an
embodiment”, “some embodiments”, “other embodiments”,
etc., indicate that the embodiment described may include
one or more particular features, structures, and/or charac-
teristics. However, such recitations do not necessarily mean
that all embodiments include the particular features, struc-
tures, and/or characteristics. Additionally, when particular
features, structures, and/or characteristics are described in
connection with one embodiment, it should be understood
that such features, structures, and/or characteristics may also
be used connection with other embodiments whether or not
explicitly described unless clearly stated to the contrary.
[0053] The following detailed description should be read
with reference to the drawings in which similar structures in
different drawings are numbered the same. The drawings,
which are not necessarily to scale, depict illustrative
embodiments and are not intended to limit the scope of the
disclosure.

[0054] Cardiac pacemakers provide electrical stimulation
to heart tissue to cause the heart to contract and thus pump
blood through the vascular system. Conventional pacemak-
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ers may include an electrical lead that extends from a pulse
generator implanted subcutaneously or sub-muscularly to an
electrode positioned adjacent the inside or outside wall of
the cardiac chamber. As an alternative to conventional
pacemakers, self-contained or leadless cardiac pacemakers
have been proposed. Leadless cardiac pacemakers are small
capsules that may, for example, be fixed to an intracardiac
implant site in a cardiac chamber. In some cases, the small
capsule may include bipolar pacing/sensing electrodes, a
power source (e.g. a battery), and associated electrical
circuitry for controlling the pacing/sensing electrodes, and
thus may provide electrical stimulation to heart tissue and/or
sense a physiological condition. The capsule may be deliv-
ered to the heart using a delivery device which may be
advanced through a femoral vein, into the inferior vena cava,
into the right atrium, through the tricuspid valve, and into the
right ventricle. Accordingly, it may be desirable to provide
delivery devices which facilitate advancement through the
vasculature.

[0055] FIG. 1 illustrates example implantable leadless
cardiac pacing devices 10 (e.g., a leadless pacemaker)
implanted in a heart H. An illustrative implantable medical
device (IMD) 10 is shown within the right ventricle RV
while another IMD 10 is shown within the left ventricle LV
as the IMD 10 may be configured for implantation in either
ventricle, or in another chamber such as a right atrium RA
or a left atrium LA. Depending on therapeutic needs, a
patient may have a single IMD 10 or may have two or more
IMDs 10 implanted in appropriate chambers. A side view of
the illustrative implantable medical device (IMD) 10 is
shown in FIG. 2 and a cross-sectional view of the illustrative
IMD 10, taken at line 3-3 in FIG. 2, is illustrated in FIG. 3.
The implantable medical device 10 may include a shell or
housing 12 having a proximal end 14 and a distal end 16. In
some instances, the IMD 10 may include a first electrode 20
positioned adjacent to the distal end 16 of the housing 12 and
a second electrode 22 positioned adjacent to the proximal
end 14 of the housing 12. In some cases, the housing 12 may
include a conductive material and may be insulated along at
least a portion of its length. A section along the proximal end
14 may be free of insulation so as to define the second
electrode 22. The electrodes 20, 22 may be sensing and/or
pacing electrodes to provide electro-therapy and/or sensing
capabilities. The first electrode 20 may be configured to be
positioned against the cardiac tissue of the heart H or may
otherwise contact the cardiac tissue of the heart H while the
second electrode 22 may be spaced away from the first
electrode 20, and thus spaced away from the cardiac tissue.

[0056] The IMD 10 may include a pulse generator (e.g.,
electrical circuitry) and a power source (e.g., a battery)
within the housing 12 to provide electrical signals to the
electrodes 20, 22 and thus control the pacing/sensing elec-
trodes 20, 22. In some cases, electrical communication
between the pulse generator and the electrodes 20, 22 may
provide electrical stimulation to heart tissue and/or sense a
physiological condition.

[0057] The IMD 10 may include a fixation mechanism 24
proximate the distal end 16 of the housing 12 configured to
attach the IMD 10 to a tissue wall of the heart H, or
otherwise anchor the IMD 10 to the anatomy of the patient.
As shown in FIG. 1, in some instances, the fixation mecha-
nism 24 may include one or more, or a plurality of hooks or
tines 26 anchored into the cardiac tissue of the heart H to
attach the IMD 10 to a tissue wall. In other cases, the fixation
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mechanism 24 may include one or more, or a plurality of
passive tines, configured to entangle with trabeculae within
the chamber of the heart H and/or a helical fixation anchor
configured to be screwed into a tissue wall to anchor the
IMD 10 to the heart H.

[0058] The IMD 10 may include a docking member 30
proximate the proximal end 14 of the housing 12 configured
to facilitate delivery and/or retrieval of the IMD 10. For
example, the docking member 30 may extend from the
proximal end 14 of the housing 12 along a longitudinal axis
of the housing 12. The docking member 30 may include a
head portion 32 and a neck portion 34 extending between the
housing 12 and the head portion 32. The head portion 32
may be an enlarged portion relative to the neck portion 34.
For example, the head portion 32 may have a radial dimen-
sion from the longitudinal axis of the IMD 10 which is
greater than a radial dimension of the neck portion 34 from
the longitudinal axis of the IMD 10. The docking member 30
may further include a tether retention structure 36 extending
from the head portion 32. The tether retention structure 36
may define an opening 38 configured to receive a tether or
other anchoring mechanism therethrough. While the reten-
tion structure 36 is shown as having a generally “U-shaped”
configuration, the retention structure 36 may take any shape
which provides an enclosed perimeter surrounding the open-
ing 38 such that a tether may be securably and releasably
passed (e.g. looped) through the opening 38. The retention
structure 36 may extend though the head portion 32, along
the neck portion 34, and to or into the proximal end 14 of the
housing 12, as is shown more clearly in FIG. 3. The docking
member 30 may be configured to facilitate delivery of the
IMD 10 to the intracardiac site and/or retrieval of the IMD
10 from the intracardiac site. Other docking members 30 are
contemplated.

[0059] In some cases, the IMD 10 may include one or
more sensors or other devices that facilitate tracking the
IMD 10 during and/or after delivery. In some cases, as
schematically illustrated, the IMD 10 may include a sensor
200 that is disposed on or within the IMD 10. In some cases,
the sensor 200 may be considered to represent one or more
magnetic tracking sensors that may facilitate magnetic track-
ing of the IMD 10 using a system such as will be described
with respect to FIG. 20. An illustrative but non-limiting
example of such a system is the RHTHYMIA® system
available from Boston Scientific. In some cases, the sensor
200 may be considered to represent one or more impedance
tracking sensors that may facilitate impedance tracking of
the IMD 10. In some cases, the sensor 200 may be consid-
ered to represent one or more magnetic tracking sensors and
one or more impedance tracking sensors, both of which may
facilitate impedance tracking of the IMD 10.

[0060] Insome cases, the IMD 10 may be delivered to the
heart H using a delivery device which may be advanced
through a femoral vein, into the inferior vena cava, into the
right atrium, through the tricuspid valve, and into the right
ventricle. Accordingly, it will be appreciated that the deliv-
ery device may need to be navigated through relatively
tortuous anatomy to deliver the IMD 10 to a suitable
location. The target region for the delivery of the IMD 10
may be a portion of the right ventricle, for example, a
portion of the right ventricle near the apex of the heart. The
target region may also include other regions of the heart
(e.g., right atrium, left atrium, or left ventricle), blood
vessels, or other suitable targets. It may be desirable to
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provide the delivery system with certain features that may
allow for easier or better control for navigation or delivery
purposes.

[0061] FIG. 4 is a plan view of an illustrative delivery
device 100, such as a catheter, that may be used to deliver
the IMD 10. Tt will be appreciated that the delivery device
100 is merely illustrative, as the IMD 10 may be delivered
with other delivery devices that may or may not include
some of the features described with respect to the delivery
device 100. As illustrated, the delivery device 100 may
include an outer tubular member 102 having a proximal
section 104 and a distal section 106. An intermediate tubular
member 110 may be longitudinally slidably disposed within
a lumen 150 of the outer tubular member 102 (see e.g. FIG.
5). An inner tubular member 116 may be longitudinally
slidably disposed within a lumen 152 of the intermediate
tubular member 110 (see e.g. FIG. 5). A distal holding
section, or device containment housing 108 may be attached
to a distal end portion 114 of the intermediate tubular
member 110, as illustrated in FIG. 5. The delivery device
100 may also include a handle assembly 120 positioned
adjacent to the proximal section 104 of the outer tubular
member 102. In some instances, the outer tubular member
102 may include at least a section thereof that has an outer
diameter D2 that is less than the outer diameter D1 of at least
a portion of the device containment housing 108 (see e.g.
FIG. 5).

[0062] The handle assembly 120 may include a first or
distal hub portion 126 attached to, such as fixedly attached
to, the proximal end section 104 of the outer tubular member
102, a second or intermediate hub portion 128 attached to,
such as fixedly attached to, a proximal end section of the
intermediate tubular member 110, and a third or proximal
hub portion 130 attached to, such as fixedly attached to, a
proximal end section of the inner tubular member 116 (see
e.g. FIG. 5). The first hub portion 126, second hub portion
128, and third hub portion 130 may be positioned in a
generally telescoping arrangement and longitudinally slid-
able relative to each other. As will be discussed in more
detail below, each of the first hub portion 126, the second
hub portion 128, and the third hub portion 130 may be
longitudinally slidable and rotatable relative to each other
such that the outer tubular member 102, intermediate tubular
member 110, and inner tubular member 116 may be indi-
vidually actuated. In some instances, it may be desirable to
move the outer tubular member 102, intermediate tubular
member 110 and inner tubular member 116 simultaneously.
The handle assembly 120 may include a multi-stage deploy-
ment mechanism or a first locking mechanism 134 to
releasably couple the second hub portion 128 to the third hub
portion 130 to prevent relative longitudinal movement ther-
ebetween, and thus prevent relative longitudinal movement
between the intermediate tubular member 110 and the inner
tubular member 116, as will be discussed in more detail
below. The handle assembly 120 may also include a second
locking mechanism 132 to releasably couple the first hub
portion 126 to the second hub portion 128 to prevent relative
longitudinal movement therebetween, and thus prevent rela-
tive longitudinal movement between the outer tubular mem-
ber 102 and the intermediate tubular member 110, as will be
discussed in more detail below.

[0063] The device containment housing 108 may be con-
figured to receive the IMD 10 therein. For example, refer-
ring to FIG. 5, which illustrates a cross-sectional view of a
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distal portion of the delivery device 100, the device con-
tainment housing 108 may define a cavity 142 for slidably
receiving the IMD 10, and may include a distal opening 144
for slidable insertion and/or extraction of the IMD 10 into
and/or out of the cavity 142. The device containment hous-
ing 108 may include a body portion 138 and a distal tip
portion 140 that may be, for example, configured to be
atraumatic to anatomy, such as a bumper tip. For example,
as the catheter is navigated through the anatomy, the distal
tip may come into contact with anatomy. Additionally, when
the catheter is used to deliver the implantable medical device
10, the tip 140 of the delivery device 100 will likely come
into contact with tissue adjacent the target site (e.g. cardiac
tissue of the heart).

[0064] In some cases, a hard distal tip formed of the
material of the outer tubular member 102 and/or intermedi-
ate tubular member 110 may injure a vessel wall or cardiac
tissue. As such, it may be desirable to provide the delivery
device 100 with a softer distal tip 140 that can be introduced
into the anatomy and come into contact with anatomy
adjacent the target cite without causing unnecessary trauma.
In some cases, the distal tip 140 may be made of a material
that is softer than the body portion 138 of the device
containment housing 108. In some cases, the distal tip 140
may include a material that has a durometer that is less than
the durometer of the material of the body portion 138. In
some particular embodiments, the durometer of the material
used in the distal tip 140 may be in the range of about 5 D
to about 70 D, or for example, in the range of about 25 D to
about 65 D. Additionally, the distal tip 140 may include a
shape or structure that may make it less traumatic to tissue.
For example, the distal tip 140 may have a distal surface,
such as a tissue contacting surface, that is that is rounded or
includes a curvature configured to be more atraumatic to
tissue.

[0065] In some instances, all or a portion of the device
containment housing 108 may include an inner surface that
may be configured to resist getting caught on the fixation
mechanism 24, such as the one or more, or a plurality of
hooks or tines 26 on the implantable medical device 10. For
example, the device containment housing 108 may include
an inner layer or coating of harder or more lubricious
material that resists force applied by the fixation mechanism
24 onto the inner surface of the device containment housing
108. For example, the device containment housing 108 may
include a multi-layered structure, and an inner layer may be
made of a material that is harder than an outer layer.

[0066] The inner tubular member 116 may be disposed
(e.g., slidably disposed) within a lumen 152 of the interme-
diate tubular member 110. The inner tubular member 116
may be engaged by a user near or at the third hub portion
130, and extend through a lumen 152 of the intermediate
tubular member 110 and into the device containment hous-
ing 108. A distal portion 118 of the inner tubular member 116
may be capable of engaging the IMD 10, and the inner
tubular member 116 may be used to “push” the IMD 10 out
from device containment housing 108 so as to deploy and
anchor the IMD 10 within a target region (e.g., a region of
the heart such as the right ventricle). The inner tubular
member 116 may have a lumen 154 extending from the
proximal end 117 to a distal portion 118 thereof. A tether 112
or other retaining feature may be used to releasably secure
the IMD 10 to the delivery device 100. In some instances,
the tether 112 may be a single or unitary length of material

May 3, 2018

that may extend from a proximal end 117 of the lumen 154,
out through the distal portion 118, through the opening 38 of
the IMD 10 and return to the proximal end 117 of the inner
tubular member 116 through the lumen 154 such that both
ends of the tether 112 are positioned adjacent to the third hub
portion 130. In some instances, as will be discussed in more
detail below, the ends of the tether 112 may be secured
within a locking feature in the third hub portion 130.
[0067] In order to more specifically place or steer the
delivery device 100 to a position adjacent to the intended
target. the delivery device 100 may be configured to be
deflectable or articulable or steerable. Referring to FIG. 4,
for example, the outer tubular member 102 and/or interme-
diate tubular member 110 may include one or more articu-
lation or deflection mechanism(s) that may allow for the
delivery device 100, or portions thereof, to be deflected,
articulated, steered and/or controlled in a desired manner.
For example, the outer tubular member 102 may include at
least a portion thereof that can be selectively bent and/or
deflected in a desired or predetermined direction. This may,
for example, allow a user to orient the delivery device 100
such that the device containment housing 108 is in a
desirable position or orientation for navigation or delivery of
the IMD 10 to a target location. The outer tubular member
102 may be deflected, for example, along a deflection
region.

[0068] A wide variety of deflection mechanisms may be
used. In some example embodinents, deflection may be
effected by one or more actuation members, such as pull
wire(s) extending between a distal portion of the outer
tubular member 102 and an actvation mechanism 122 near
the proximal end of the outer tubular member 102. As such,
the one or more pull wires may extend both proximally and
distally of the desired deflection or bending region or point.
This allows a user to actuate (e.g., “pull”) one or more of the
pull wires to apply a compression and/or deflection force to
at least a portion of the outer tubular member 102 and
thereby deflect or bend the outer tubular member 102 in a
desired manner, In addition, in some cases the one or more
wires may be stiff enough so that they can also be used to
provide a pushing and/or tensioning force on the outer
tubular member 102, for example, to “push” or “straighten”
the shaft into a desired position or orientation.

[0069] In some embodiments, the actuation member takes
the form of a continuous wire that is looped through or
otherwise coupled to a distal end region of the outer tubular
member 102 so as to define a pair of wire sections. Other
embodiments are contemplated, however, including
embodiments where the actuation member includes one or a
plurality of individual wires that are attached, for example,
to a metal or metal alloy ring adjacent the distal end region
of the outer tubular member 102.

[0070] The actvation mechanism 122 may include a
desired mechanism that may allow for applying tension (i.e.
pulling force), or compression (i.e. pushing force), or both,
on the actuation member(s). In some embodiments, the
actuation mechanism 122 may include an external rotatable
member 124 connected to and rotatable about the longitu-
dinal axis of the handle assembly 120. The rotatable member
124 may threadingly engage an internal member that is
attached to the proximal end of the actuation member(s) or
pull wires. When the external rotatable member 124 is
rotated in a first rotational direction, the internal member
translates in a first longitudinal direction, thereby applying
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tension to the pull wire(s), which applies compression force
to the shaft, so as to deflect the outer tubular member 102
from an initial position to a deflected position. When the
external rotatable member 124 is rotated in a second rota-
tional direction, the internal member translates in a second
longitudinal direction, thereby reducing and/or releasing the
tension on the pull wire(s), and allowing the outer tubular
member 102 to relax back toward the initial position.
Additionally, in some cases, as mentioned above, where the
one or more wires may be stiff enough, rotation of the
rotatable member 124 in the second rotational direction such
that the internal member translates in a second longitudinal
direction may apply compression to the wire(s), such that the
wire(s) may apply tension to the outer tubular member 102
and “push” the outer tubular member 102 back toward an
initial position, and possibly into additional positions
beyond the initial position.

[0071] The one or more articulation and/or deflection
mechanism(s) may also entail the outer tubular member 102
including structure and/or material that may provide for the
desired degree and/or location of the deflection when the
compressive or tensile forces are applied. For example, the
outer tubular member 102 may include one or more sections
that include structure and/or material configured to allow the
shaft to bend and/or deflect in a certain way when a certain
predetermined compressive and/or tensile force is applied.
For example, the shaft may include one or more sections that
are more flexible than other sections, thereby defining a
bending or articulating region or location. Some such
regions may include a number of varying or changing
flexibility characteristics that may define certain bending
shapes when predetermined forces are applied. Such char-
acteristics may be achieved through the selection of mate-
rials or structure for different sections of the outer tubular
member 102.

[0072] In other embodiments, other articulation and/or
deflection mechanism(s) are contemplated. For example, all
or a portion of the delivery device 100, such as the outer
tubular member 102, may be made of a shape memory
material, such as a shape memory polymer and/or a shape
memory metal. Such materials, when stimulated by an
actuation mechanism, such as a change in temperature or the
application of an electrical current, may change or move
from a first shape to a second shape. As such, these material
and mechanism may be used to deflect or bend the outer
tubular member 102 in a desired manner. Other suitable
deflection mechanism(s) that are able to deflect the delivery
device 100 may also be used. Such alternative mechanisms
may be applied to all other embodiments shown and/or
discussed herein, and others, as appropriate.

[0073] Furthermore, the outer tubular member 102 may
include one or more predefined or fixed curved portion(s)
along the length thereof. In some cases, such curved sections
may be configured to fit with particular anatomies or be
configured for better navigation or delivery of the IMD 10.
Additionally, or alternatively, some such curved sections
may be configured to allow the outer tubular member 102 to
be predisposed to be bent and/or deflected in a certain
direction or configuration when compression and/or tension
forces are applied thereto. In some cases, the outer tubular
member 102 may be a laser cut metallic tubing, a braid
reinforced polymeric tubing, or other flexible tubular struc-
ture as desired.
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[0074] Returning again to FIG. 5, the device containment
housing 108 may be affixed to a distal end portion 114 of the
intermediate tubular member 110. The device containment
housing 108 may include a hub portion 136 and a tubular
body portion 138. In some instances, the hub portion 136
may be formed from a metal or metal alloy while the body
portion 138 may be formed from a polymeric material,
although this is not required. In some instances, a proximal
region 143 of the body portion 138 may be heat bonded to
a distal end portion 137 of the hub portion 136, or otherwise
affixed. The hub portion 136 may include a tapered inter-
mediate region 145 disposed between a proximal end por-
tion 139 and the distal end portion 137.

[0075] In some cases, the outer tubular member 102 may
include a metal ring or tip adjacent the distal end 103 thereof
for attaching one or more pull wires thereto. In some cases,
the outer tubular member 102 may further include a lubri-
cious liner, such as, but not limited to a polytetrafluoroeth-
ylene (PTFE) liner. The proximal end portion 139 of the hub
portion 136 may extend proximally into the lumen 150 of the
outer tubular member 102. In some instances, an outer
surface of the proximal end portion 139 may form an
interference fit with an inner surface of the outer tubular
member 102. In some cases, the outer surface of the proxi-
mal end portion 139 and the inner surface of the outer
tubular member 102 may be coupled in a tapered engage-
ment. For example, the distal end 103 of the outer tubular
member 102 may flare radially outwards in the distal direc-
tion and/or the proximal end portion 139 may taper radially
inward in the proximal direction. The two angled surfaces
may engage as the proximal end portion 139 is proximally
retracted within the outer tubular member 102. Other cou-
pling arrangements may be used as desired.

[0076] In some cases, as the outer tubular member 102 is
bent to navigate the IMD 10 to the desired location, the
proximal end portion 139 may advance distally and disen-
gage from the inner surface of the outer tubular member 102
creating a kink point or weakened region adjacent to the
bonding region 146. Proximally retracting the intermediate
tubular member 110 to bring the intermediate region 145
into contact with the outer tubular member 102 at contact
point 148 and/or bringing the proximal end portion 139 into
the outer tubular member 102 and fixing the intermediate
tubular member 110 in this configuration may help prevent
migration of the device containment housing 108 during
navigation of the delivery device 100 to the desired location.
Such a configuration may also place the intermediate tubular
member 110 in tension while the device containment hous-
ing 108 applies a compression force on the outer tubular
member 102, as will be discussed in more detail below. As
discussed above, a locking mechanism 132 in the handle
assembly 120 may be utilized to releasably maintain the
outer tubular member 102 and the intermediate tubular
member 110 in a desired orientation.

[0077] FIG. 6 illustrates a top view of the handle assembly
120 of the delivery device 100. FIG. 7 illustrates a bottom
view of the handle assembly, approximately 180° from the
view shown in FIG. 6. The handle assembly 120 may
include one or more ports 158, 160, 162 for delivering fluids,
such as, but not limited to, a contrast and/or flushing fluid to
the cavity 142 of the device containment housing 108. The
flush ports 158, 160, 162 may be in fluid communication
with the lumens 150, 152, 154 of the outer, intermediate or
inner tubular members 102, 110, 116, as desired. For
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example, the flush port 158 may be in fluid communication
with the lumen 150 of the outer tubular member 102, the
flush port 160 may be in fluid communication with the
lumen 152 of the intermediate tubular member 110, and the
flush port 162 may be in fluid communication with the
lumen 154 of the inner tubular member 116.

[0078] The handle assembly 120 may further include a
tether lock 164. The tether lock 164 may be actuatable
between a locked and an unlocked configuration to maintain
the tether 112 in a desired orientation. The ends of the tether
112 may affixed to, secured to, or otherwise engage a tether
cap 166 positioned at a proximal end of the third hub portion
130. The tether cap 166 may be removably secured to the
third hub portion 130 to allow a clinician access to the ends
of the tether 112. When the tether lock 164 is in the locked
configuration, the tether cap 166 may not be removed from
the third hub portion 130. When the tether lock 164 is in the
unlocked configuration, the tether cap 166 may be removed
and the ends of the tether 112 may be actuated. For example,
once the IMD 10 has been implanted and its location
verified, the tether 112 may be removed from the tether
retention feature 36 of the IMD 10 by pulling on one of the
ends until the opposite end has passed through the opening
38 such that the IMD 10 is free from the tether 112.
[0079] In some instances, the handle assembly 120 may
also include visual markings, such as, but not limited to the
markings illustrated at 170, 172, 174. These markings 170,
172, 174 may provide visual instructions or indications to
the clinician. For example, the marking shown at 170 may
be positioned proximate the rotatable member 124 of the
actuation mechanism 122 to indicate that the rotatable
member 124 controls deflection of the outer tubular member
102 and/or to indicate which direction the distal section 106
will deflect when the rotatable member 124 of the actuation
mechanism 122 is rotated in a given direction. The markings
shown at 172 may provide an indication of whether the
second locking mechanism 132 is in the unlocked and/or
locked configuration. Similarly, the markings shown at 174
may provide an indication of whether the tether lock 164 is
in the unlocked and/or locked configuration.

[0080] FIG. 8 illustrates a cross-sectional view of the
handle assembly 120 of the delivery device. As discussed
above, the handle assembly 120 may include a first hub
portion 126 attached to the proximal end section 104 of the
outer tubular member 102, a second hub portion 128
attached to a proximal end section of the intermediate
tubular member 110, and a third hub portion 130 attached to
a proximal end section of the inner tubular member 116.
Each of the first hub portion 126, the second hub portion
128, and the third hub portion 130 may be slidable and
rotatable relative to each other such that the outer tubular
member 102, intermediate tubular member 110, and inner
tubular member 116 may be individually longitudinally
actuated.

[0081] The inner tubular member 116 may extend distally
from a proximal end 117. The proximal end 117 of the inner
tubular member 116 may be positioned within or adjacent to
the tether lock 164. The tether lock 164 may include a port
162 which may be in fluid communication with a lumen 154
of the inner tubular member 116. The lumen 154 may extend
from the proximal end 117 to the distal portion 118 for
delivering fluids, such as, but not limited to, a contrast
and/or flushing fluid to the cavity 142 of the device con-
tainment housing 108. In some instances, the inner tubular
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member 116 may be coupled or affixed to the third hub
portion 130 adjacent the proximal end 117 of the inner
tubular member 116, although this is not required. In some
cases, the inner tubular member 116 may be affixed to the
third hub portion 130 at any longitudinal location desired. In
some instances, a tether, such as tether 112, for securing the
IMD 10 to the distal portion 118 of'the inner tubular member
116 may be disposed within the lumen 154 and may exit the
delivery device 100 through or adjacent to tether cap 166,
although this is not required.

[0082] The intermediate tubular member 110 may extend
distally from a proximal end 111. The proximal end 111 of
the intermediate tubular member 110 may be positioned
within the second hub portion 128. The intermediate tubular
member 110 may include a lumen 152 extending from the
proximal end 111 to a distal end of the intermediate tubular
member 110. The inner tubular member 116 may be slidably
disposed within the lumen 152 of the intermediate tubular
member 110. In some instances, the intermediate tubular
member 110 may be coupled or affixed to the second hub
portion 128 adjacent the proximal end 111 of the interme-
diate tubular member 110, although this is not required. In
some cases, the intermediate tubular member 110 may be
affixed to the second hub portion 128 at any longitudinal
location desired.

[0083] The outer tubular member 102 may extend distally
from a proximal end 105. The proximal end 105 of the outer
tubular member 102 may be positioned within the first hub
portion 126. The outer tubular member 102 may include a
lumen 150 extending from the proximal end 105 to a distal
end 103 of the outer tubular member 102, The intermediate
tubular member 110 may be longitudinally slidably disposed
within the lumen 150 of the outer tubular member 102. In
some instances, the outer tubular member 102 may be
coupled or aflixed to the first hub portion 126 adjacent the
proximal end 105 of the outer tubular member 102, although
this is not required. In some cases, the outer tubular member
102 may be affixed to the first hub portion 126 at any
longitudinal location desired.

[0084] In some instances, the first hub portion 126 may
include a retaining ring 182 positioned adjacent to a proxi-
mal end of the first hub portion 126. In some instances, the
retaining ring 182 may be rotatable about a longitudinal axis
of the handle assembly 120. In some cases, the retaining ring
182 may include locking features configured to engage with
other locking features of the locking mechanism 132. When
the retaining ring 182 engages other features of the locking
mechanism 132, longitudinal movement of the first hub
portion 126 and the second hub portion 128 relative to one
another may be prevented. Rotating the retaining ring 182
may disengage the retaining ring 182 from the other features
of the locking mechanism 132. This may allow for longi-
tudinal movement of the first hub portion 126 and the second
hub portion 128 relative to one another, as will be described
in more detail below. While the second locking mechanism
132 is described as a rotating retaining ring 182, other
locking mechanisms capable of releasably securing first hub
portion 126 and the second hub portion 128, and thus the
outer tubular member 102 and the intermediate tubular
member 110, may be used.

[0085] In some instances, the first locking mechanism 134
may include a depressible button 131. The depressible
button 131 may include a first outwardly protruding portion
133 configured to engage a region of the third hub portion
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130 and a second inwardly protruding portion 135 config-
ured to engage a region of the second hub portion 128. For
example, the second protruding portion 135 may be dis-
posed in and engage a groove or recess 178 formed in the
second hub portion 128. The engagement of the first locking
mechanism 134 may prevent or reduce relative movement of
the second hub portion 128 and the third hub portion 130
when the first locking mechanism 134 is not actively actu-
ated (e.g. depressed) by a clinician. A downward force 186
may be applied to the button 131. The force 186 may cause
the first protruding portion 133 to lower and/or disengage
from a surface of the third hub portion 130 and the second
protruding portion 135 to raise and/or disengage from a
surface of the second hub portion 128. This may allow the
third hub portion 130 to be moved longitudinally (e.g.,
proximally and/or distally), as shown at 184, along a lon-
gitudinal axis of the handle assembly 120 relative to the
second hub portion 128, as will be discussed in more detail
below. Longitudinal actuation of the third hub portion 130
relative to the second hub portion 128 may result in a
corresponding longitudinal actuation of the inner tubular
member (and hence the IMD 10) relative to the intermediate
tubular member 110 and the device containment housing
108. Such actuation may be used to incrementally deploy the
IMD 10. FIG. 8 illustrates the second protruding portion 135
disposed in the middle of the recess 178. However, in some
cases, during advancement of the delivery device 100 to the
desired treatment location, the second protruding portion
135 may be positioned at the proximal end of the recess 178
to ensure the IMD 10 is fully disposed in the device
containment housing 108. This is just an example. While the
first locking mechanism 134 is described as a depressible
button 131, in some cases other locking mechanisms capable
of releasably securing the second hub portion 128 and the
third hub portion 130, and thus the intermediate tubular
member 110 and the inner tubular member 116, may be used.

[0086] FIG. 9 illustrates a partial perspective view of the
handle assembly 120 with portions of the third hub portion
130 removed to more clearly illustrate features of the second
hub portion 128. A proximal portion 127 of the second hub
portion 128 may include a groove or recess 178 formed
therein. The groove 178 may extend from a proximal end
179 to a distal end 181. In some embodiments, groove 178
may include a proximal portion 177 and a distal portion 183
which may be circumferentially offset from one another. A
hard stop 180 may be provided at a region between the
proximal end 179 and the distal end 181. The hard stop 180
may be a wall or other protrusion configured to engage the
second protruding portion 135 of the first locking mecha-
nism 134 such that in order to advance the second protruding
portion 135 distally past the hard stop 180 from the proximal
portion 177, the user rotates the third hub portion 130 to
align the second protruding portion 135 with the distal
portion 183 of the groove 178. This may allow the implant-
able medical device 10 to be incrementally deployed. Dur-
ing advancement of the delivery device 100 through the
vasculature, the second protruding portion 135 may be
disposed within the proximal portion 177 adjacent to the
proximal end 179. As discussed above, the second protrud-
ing portion 135 may engage a surface of the second hub
portion 128 to prevent and/or minimize relative movement
of the second and third hub portions 128, 130 relative to one
another.
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[0087] The groove 178 may also include an angled region
198 between the proximal portion 177 and the distal portion
183 positioned generally opposite the hard stop 180. When
the third hub portion 130 is proximally retracted from the
distal end 181 to the proximal end 179, the angled region
198 may guide the second protruding portion 135 from the
distal portion 183 of the groove 178 to the proximal portion
177 of the groove in a single fluid movement. For example,
the third hub portion 130 may be proximally retracted from
the distal end 181 to the proximal end 179 relative to the
second hub portion 128 in a single proximal movement, if so
desired, without prohibiting travel of the second protruding
portion 135 from the distal portion 183 to the proximal
portion 177.

[0088] A distal portion 129 of the second hub portion 128
may include a groove or recess 188 configured to receive a
mating feature disposed on the first hub portion 126. This
may allow the first hub portion 126 to be proximally
retracted over the second hub portion 128, as will be
discussed in more detail below. The proximal and distal
portions 127, 129 of the second hub portion 128 may be
separated by a gripping region 176 configured to provide a
region for the clinician to hold.

[0089] Referring now to FIGS. 10A-10E, a method for
deploying an IMD 10 using the illustrative delivery device
100 will now be described. For simplicity, these Figures
show the IMDS 10 being delivered to the right ventricle RV.
The delivery device 100 may be introduced into the vascu-
lature through the femoral vein through a previously intro-
duced guide catheter. This is just an example. It will be
appreciated that the IMD 10 may be delivered and deployed
in the left ventricle LV via an intra-aortic approach through
the left atrium LA, for example. The delivery device 100
may be introduced through any desired location and with or
without the use of a guide catheter as desired. The delivery
device 100 may be advanced through the vasculature to the
desired treatment location, which, in the case of a leadless
cardiac pacing device, may be a chamber of the heart. The
clinician may use the actuation mechanism 122 may to
deflect the distal section 106 of the outer tubular member
102 in a desired manner to facilitate advancement of the
delivery device 100. During advancement of the delivery
device 100, the handle assembly 120 may be in a fully
extended configuration, as shown in FIG. 10A. In such a
configuration, the third hub portion 130 may be at its
proximal-most location relative to the second hub portion
128 and the first hub portion 126 may be at its distal-most
location relative to the second hub portion 128. When the
handle assembly 120 is in its fully extending configuration,
the inner tubular member 116, intermediate tubular member
110, and the outer tubular member 102 may be oriented in
the manner illustrated in FIG. 5. The delivery device 100 can
be imaged using known techniques to ensure accurate place-
ment of the IMD 10.

[0090] Once the distal tip portion 140 of the device
containment housing 108 has been positioned adjacent to the
cardiac tissue where the IMD 10 is desired, deployment of
the IMD 10 can begin. The first stage of deploying the IMD
10 may enable activation of the fixation mechanism 24. To
initiate the first stage of deployment, the clinician may
stabilize the first hub portion 126 relative to the patient and
depress the button 131 of the first locking mechanism 134.
The clinician may then slide the third hub portion 130
distally, as shown at 190, until the first locking mechanism
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134 engages the hard stop 180 provided in the second hub
portion 128 resulting in the handle assembly 120 configu-
ration shown in FIG. 10B. Distal actuation of the third hub
portion 130 may also move the inner tubular member 116
distally by the same distance. As the inner tubular member
116 advances distally, the distal portion 118 may “push”
against the proximal end 14 of the implantable medical
device 10. As the IMD 10 is pushed distally, the hooks 26
engage the heart tissue as shown in FIG. 10C. The IMD 10
may be distally advanced out of the device containment
housing 108 to deploy the hooks or tines 26 from the device
containment housing 108 to engage the hooks or tines 26 in
the heart tissue while the proximal portion of the IMD 10
remains within the device containment housing 108. In some
instances, the IMD 10 may be advanced distally in the range
of 1 to 5 millimeters, although this is merely illustrative.
This may allow the IMD 10 to be deployed while minimiz-
ing the amount of pressure applied to the heart wall. Further,
the first locking mechanism 134 may prevent accidental or
unintentional deployment of the IMD 10 as the button 131
must be actuated while advancing the third hub portion 130.

[0091] Referring briefly to FIGS. 11A and 11B, in some
instances, it may be desirable to advance the device con-
tainment housing 108 and the intermediate tubular member
110 without advancing the outer tubular member 102 (i.c.,
telescoping the intermediate tubular member 110). For
example, this may facilitate advancement of the delivery
device 100 within the heart or maintain the position of the
device containment housing 108 once it is placed again the
heart wall. To distally advance or telescope the intermediate
tubular member 110 relative to the outer tubular member
102, the second locking mechanism 132 may be actuated to
“unlock” the first hub portion 126 and the second hub
portion 128. As described above, a rotating retaining ring
182 may be rotated, as shown at 194, to move the second
locking mechanism 132 from a locked to an unlocked
configuration. Once the first locking mechanism has been
unlocked, the clinician may distally advance 196 the second
and third hub portions 128, 130 together to distally advance
the device containment housing 108 as far as desired and/or
needed. The actuation of the second and third hub portions
128, 130 may simultaneously move the intermediate tubular
member 110 and the inner tubular member 116 as well. This
may be done during advancement of the delivery device 100
through the vasculature, before initiating the first stage of
deploying the IMD 10, and/or after the first stage of deploy-
ing the IMD 10 has been completed, as desired or needed.

[0092] After the first stage of deployment of the IMD 10,
in which the tines or hooks 26 have been deployed from the
device containment housing 108 into engagement with the
heart wall, the tether 112 may be used to perform a tug test
to determine if the IMD 10 is sufficiently engaged with the
heart wall. In other words, the fixation of the IMD 10 (e.g.
how well the hooks 26 are secured to the heart tissue) may
be tested by gently tugging on the ends of the tether 112. If
it is determined that the IMD 10 is sufficiently engaged with
the heart wall, then the user may proceed to the second stage
of deployment of the IMD 10 in which the remainder of the
IMD 10 is expelled from the device containment housing
108. Otherwise, if the tug test fails and it is determined that
the IMD 10 is not sufficiently engaged with the heart wall,
the user may use the tether to pull (retract) the IMD 10,
including the tines or hooks 26, back into the device
containment housing 108 to release the implantable medical
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device 10 from the heart wall. The IMD 10 may then be
repositioned and the first stage of deployment repeated.

[0093] Returning to FIG. 10B, the second stage of deploy-
ing the IMD 10 may proximally retract the device contain-
ment housing 108, and thus the intermediate tubular member
110, relative to the inner tubular member 116 to fully deploy
the IMD 10. Once the clinician has determined that the
position of the IMD 10 is satisfactory and the fixation
mechanism 24 is securely engaged with the heart tissue, the
intermediate tubular member 110, including the device
containment housing 108, of the delivery device 100 can be
proximally retracted. To initiate the second stage of the
deployment, the clinician may first rotate the third hub
portion 130, as shown at 192, such that the button 131 is
aligned with the distal portion 183 of the groove 178. The
clinician may then stabilize the third hub portion 130
relative to the patient and proximally retract the first and
second hub portions 126, 128. It should be noted that while
it is possible to distally actuate the third hub portion 130 at
this point, this may cause additional and unnecessary forces
to be applied to the heart wall. Further, such distal move-
ment of the third hub portion 130 may move the inner
tubular member 116 (and hence the implantable medical
device 10) distally rather than proximally retracting the
intermediate tubular member 110 and/or the outer tubular
member 102. The first and second hub portions 126, 128
may be proximally retracted until the first locking mecha-
nism 134 engages the distal end 181 of the groove 178,
resulting in the handle assembly 120 configuration shown in
FIG. 10D. Such actuation of the first and second hub
portions 126, 128 may fully deploy the implantable medical
device 10 such that the IMD 10 is exterior of the device
containment housing 108 and engaged with the heart wall,
as shown in FIG. 10E.

[0094] As can be seen in FIG. 10E, the IMD 10 may still
be affixed to the delivery device 100 through the tether 112.
Once the clinician has verified the position of the IMD 10,
the fixation of the IMD 10 and/or the electrical performance
of the IMD 10, the tether 112 may be removed. In some
instances, fixation of the IMD 10 (e.g. how well the hooks
26 are secured to the heart tissue) may be tested by gently
tugging on the ends of the tether 112. The tether 112 may be
removed by unlocking the tether lock 164, removing the
tether cap 166, cutting the tether 112 at some location along
its length, and pulling on one of the ends until the opposite
end has passed through the opening 38 of the IMD 10 such
that the IMD 10 is free from the tether 112. In some
instances, the tether 112 may be affixed to a portion of the
tether cap 166 (e.g. creating a loop) such that the tether 112
must be cut to allow the IMD 10 to be freed from the tether
112.

[0095] In some cases, there may be a desire to test a
possible implantation site before deploying and fixating the
IMD 10. In some cases, a delivery device such as the
delivery device 100 may include structure or otherwise be
configured to be able to electrically test a possible implan-
tation site by delivering an electrical pulse to cardiac tissue
proximate the possible implantation site and measuring a
resultant cardiac parameter. If the measured cardiac param-
eter indicates a good implantation site, the IMD 10 may be
deployed and fixated at that implantation site as discussed
with respect to FIGS. 10A-10E. Otherwise, the delivery
device 100 may be moved to another possible site, which
can then be tested. This may be repeated until an acceptable
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site is found. FIGS. 12-19 provide illustrative but non-
limiting examples of how the delivery device 100 in general,
and the device containment housing 108 in particular, may
be modified to help in testing possible implantation sites.

[0096] FIG. 12 is a schematic diagram of a portion of an
illustrative delivery device 202, which may be considered as
being an example of the delivery device 100. In some cases,
as illustrated, the delivery device 202 includes a device
containment housing 204 extending distally from a shaft
206. In some cases, the device containment housing 204
may be considered as being an example of the device
containment housing 108 while the shaft 206 may be con-
sidered as generally representing at least a portion of the
intermediate tubular member 110 and the outer tubular
member 102, and may in some cases be considered as
extending proximally to the handle assembly 120. In some
cases, as seen, the device containment housing 204 includes
several electrodes that may be used in electrically testing a
possible implantation site. The electrodes may, for example,
be disposed on an outer surface 208 of the device contain-
ment housing 204 and in some cases may be axially and/or
radially spaced apart on the outer surface 208. As shown,
there is a first electrode 210, a second electrode 212, a third
electrode 214 and a fourth electrode 216. In some cases, one
or more of the electrodes 210, 212, 214 and 216 may extend
radially at least partially about the outer surface 208.

[0097] In some cases, a first electrical connector 218
extends proximally from the first electrode 210, a second
electrical connector 220 extends proximally from the second
electrode 212, a third electrical connector 222 extends
proximally from the third electrode 214 and a fourth elec-
trical connector 224 extends proximally from the fourth
electrode 216. In some cases, the electrical connectors 218,
220, 222 and 224 extend to the handle assembly 120 and
enable a device such as but not limited to a programmer or
tester to be electrically coupled to the electrodes 210, 212,
214 and 216 via the electrical connectors 218, 220, 222 and
224.

[0098] In some cases, the first electrode 210 and the fourth
electrode 216 may, in combination, be considered as form-
ing a stimulation bipole. A potential difference may be
applied between the first electrode 210 and the fourth
electrode 216, thereby creating a voltage therebetween. In
some cases, the second electrode 212 and the third electrode
214 may be used to provide a resistance measurement by
detecting a voltage between the second electrode 212 and
the third electrode 214 resulting from the potential differ-
ence applied between the first electrode 210 and the fourth
electrode 216. In some cases, as illustrated, the second
electrode 212 and the third electrode 214 may be disposed
between the first electrode 210 and the fourth electrode 216.
It will be appreciated that in some cases, there may be a
relationship between the detected resistance between the
second electrode 212 and the third electrode 214 and the
current chamber volume of the corresponding chamber of
the heart when a current is applied between the first elec-
trode 210 and the fourth electrode 216. In some cases, it may
be possible, for example, to use the first electrode 210 and
the third electrode 214 to stimulate and to use the second
electrode 212 and the fourth electrode 216 to measure
conductivity, for example. In some cases, an external elec-
trode such as a temporary patch electrode may be worn by
the patient and may for example be used as part of a
stimulation circuit.
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[0099] In some cases, the first electrode 210 may be
smaller than the fourth electrode 216. When so provided, the
first electrode 210 may be the cathode and the fourth
electrode 216 may be the anode of the stimulation bipole
(cathodic stimulation). While not explicitly shown, in some
cases the first electrode 210 may extend over the distal end
213 of the device containment housing 204 so as to directly
engage tissue when the distal end 213 of the device con-
tainment housing 204 is pushed up against a heart wall.

[0100] In some cases, conductivity values obtained via
electrodes on the device containment housing 204 may, for
example, be used to determine heart wall contact. For
example, blood has a lower conductivity compared to tissue
such as cardiac tissue. A relatively lower conductivity value
may indicate a lack of tissue contact while a relatively higher
conductivity value may indicate tissue contact, for example.
In some cases, tissue composition may impact conductivity.
For example, infarcted tissue has more collagen than healthy
myocardium, and thus a conductivity value may be useful in
determining whether a possible implantation site includes
healthy myocardium or unhealthy myocardium, which can
be important in achieving lower pacing threshold values.

[0101] FIG. 13 is a schematic diagram of a portion of an
illustrative delivery device 226, which may be considered as
being an example of the delivery device 100. In some cases,
as illustrated, the delivery device 226 includes a device
containment housing 228 extending distally from a shaft
230. In some cases, the device containment housing 228
may be considered as being an example of the device
containment housing 108 while the shaft 230 may be con-
sidered as generally representing at least a portion of the
intermediate tubular member 110 and the outer tubular
member 102, and may in some cases be considered as
extending proximally to the handle assembly 120. In some
cases, as seen, the device containment housing 228 includes
several electrodes that may be used in electrically testing a
possible implantation site. The electrodes may, for example,
be disposed on an outer surface 232 of the device contain-
ment housing 228 and in some cases may be axially and/or
radially spaced apart on the outer surface 232. As shown,
there is a first electrode 234 and a second electrode 236 that
may function together as a stimulation bipole. While not
explicitly shown, in some cases the first electrode 234 may
extend over the distal end 235 of the device containment
housing 228 so as to directly engage tissue when the distal
end 235 of the device containment housing 228 is pushed up
against a heart wall. In some cases, a first electrical con-
nector 238 extends proximally from the first electrode 234
and a second electrical connector 240 extends proximally
from the second electrode 212. In some cases, the electrical
connectors 238 and 240 extend to the handle assembly 120
and enable a device such as but not limited to a programmer
or tester to be electrically coupled to the electrodes 234 and
236 via the electrical connectors 238 and 240.

[0102] Insome cases, a sensor 242 may be disposed on the
shaft 230, near to the device containment housing 228. An
electrical connector 244 may extend proximally from the
sensor 242 and may extend to the handle assembly 120 and
thus may be operably coupled with a programmer, tester or
other device. In some cases, for example, the sensor 242
may be a pressure sensor such as a piezoelectric pressure
sensor and may be configured to provide a signal represen-
tative of blood pressure within a cardiac chamber that results
from a stimulation pulse applied as a potential difference
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between the first electrode 234 and the second electrode 236,
for example. In some cases, the sensor 242 may instead
represent an accelerometer or an acoustic sensor that can
output a signal representative of cardiac performance in
response to an applied stimulation pulse (e.g. heart sounds,
heart wall acceleration, etc.). In some cases, the sensor 242
may represent a gyroscope that can output a signal repre-
sentative of cardiac performance (e.g. twist) in response to
an applied stimulation pulse. In some cases, the sensor 242
may include electronic components to amplify, filter or
otherwise condition a raw sensor signal. In some cases, the
sensor 242 may be a bidirectional transducer (e.g. a bidi-
rectional acoustic transducer to facilitate ultrasound mea-
surements).

[0103] In some cases, rather than using electrodes on the
device containment housing 228 for stimulation, one or
more electrodes on the IMD 10 may instead be used to
stimulate cardiac tissue (provide a pacing pulse), and the
electrodes 234 and 236 may instead be used to provide a
resulting conductivity value. In some cases, the IMD 10 may
be used to stimulate cardiac tissue and a sensor such as the
sensor 242 may be used to measure a resulting cardiac
parameter. In some cases, the device containment housing
228 may not include any electrodes.

[0104] In some cases, a delivery device may include two
pressure sensors. As shown for example in FIG. 14, a
delivery device 250 may include a device containment
housing 252 extending proximally from shaft 254, and may
be considered as being an example of the delivery device
100. In some cases, the device containment housing 252
may be considered as being an example of the device
containment housing 108 while the shaft 254 may be con-
sidered as generally representing at least a portion of the
intermediate tubular member 110 and the outer tubular
member 102, and may in some cases be considered as
extending proximally to the handle assembly 120. In some
cases, as seen, the device containment housing 252 has an
outer surface 256 and includes the first electrode 234 and the
second electrode 236. In some cases, the first electrical
connector 238 extends proximally from the first electrode
234 and the second electrical connector 240 extends proxi-
mally from the second electrode 212.

[0105] In some cases, a sensor 242 may represent a first
pressure sensor and a sensor 258 may represent a second
pressure sensor. The sensor 242 is shown operably coupled
to the electrical connector 244 while the sensor 258 is shown
operably coupled to an electrical connector 260 that extends
proximally from the sensor 258 and thus may be operably
coupled with a programmer, tester or other device. In some
cases, for example, the sensor 242 and the sensor 258 may
each be piezoelectric pressure sensors, or other types of
pressure sensors, and may each be configured to provide a
signal representative of blood pressure within a cardiac
chamber that results from a stimulation pulse applied as a
potential difference between the first electrode 234 and the
second electrode 236, for example. In some cases, it will be
appreciated that depending on the exact position of the
delivery device 250 with respect to the patient’s heart, the
sensor 242 and the sensor 258 may see different pressure
waveforms that may be useful in determining the appropri-
ateness of a particular possible implantation site. For
example, in some cases, the sensor 242 may see an atrial
pressure waveform while the sensor 258 may see a ven-
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tricular pressure waveform. These may be useful in deter-
mining an A-V delay, for example.

[0106] FIGS. 15 and 16 provide illustrative but non-
limiting examples of electrode configurations that may, for
example, be considered as showing possible electrode con-
figurations useable with any of the device containment
housings 204 (FIG. 12), 228 (FIGS. 13) and 252 (FIG. 14).
FIG. 15 shows a device containment housing 270 that has an
outer surface 272. A first ring electrode 274 and a second
ring electrode 276 can be seen to be disposed on the outer
surface 272. It will be appreciated that by having electrodes
that extend at least partially, if not entirely, around the outer
surface 272, there may be fewer issues with making tissue/
blood contact regardless of rotational orientation of the
device containment housing 204. While not explicitly
shown, in some cases the first ring electrode 274 may extend
over the distal end 273 of the device containment housing
270 so as to directly engage tissue when the distal end 273
of the device containment housing 270 is pushed up against
a heart wall. While two electrodes 274, 276 are shown, it
will be appreciated that the device containment housing 204
may include three, four or more electrodes. In some cases,
the device containment housing 204 may also include one or
more sensors that are configured to provide a signal repre-
sentative of cardiac performance.

[0107] FIG. 16 shows a device containment housing 280
that has an outer surface 282. A first electrode constellation
284 and a second electrode constellation 286 can be seen to
be disposed on the outer surface 282. In some cases, as
illustrated, the first electrode constellation 284 includes an
electrode 284a, an electrode 2845 and an electrode 284c.
The first electrode constellation 284 may include additional
electrodes not visible in this view. Similarly, the second
electrode constellation 286 may include an electrode 2864,
an electrode 2865 and an electrode 286¢. The second elec-
trode constellation 286 may include additional electrodes
not visible in this view. In some cases, each of the electrodes
284a, 284b, 284¢ may be electrically coupled together. In
some instances, each of the electrodes 284a, 2845, 284¢ may
be individually addressable. While not explicitly shown, in
some cases each of the electrodes 284q, 2845, 284¢ may
extend over the distal end 283 of the device containment
housing 280 so as to directly engage tissue when the distal
end 283 of the device containment housing 280 is pushed up
against a heart wall. In some cases, each of the electrodes
286a, 2865, 286¢ may be electrically coupled together. In
some instances, each of the electrodes 2864, 2865, 286¢ may
be individually addressable.

[0108] It will be appreciated that by having electrodes that
extend at least partially, if not entirely, around the outer
surface 282, there may be fewer issues with making tissue/
blood contact regardless of rotational orientation of the
device containment housing 280 relative to the heart H.
While two electrode constellations 284, 286 are shown, it
will be appreciated that the device containment housing 280
may include three, four or more electrode constellations. In
some cases, the device containment housing 280 may also
include one or more sensors that are configured to provide
a signal representative of cardiac performance.

[0109] FIG. 17 is a schematic illustration of a device
containment housing 290 including features that may be
combined with any of the device containment housings 204
(FI1G.12), 228 (FIGS. 13) and 252 (F1G. 14). The illustrative
device containment housing 290 includes an outer surface
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292 that extends from a distal end 294 to a proximal end 296.
In some cases, the device containment housing 290 may
include a vision system that enables a physician or other user
to actually visualize a possible implantation site. A vision
system may, for example, utilize intracardiac ultrasound,
infrared imaging, direction vision, and the like. The distal
end 294 includes a first visualization element 298 and a
second visualization element 300. One these elements may,
for example, be or otherwise include a light source while the
other element includes a camera, or a fiber optic cable and
a lens operably coupled to a proximally located camera for
visualization.

[0110] FIGS. 18 and 19 are schematic illustrations of a
portion of a delivery device 302, which may be considered
as being an example of the delivery device 100, with FIG.
18 showing the delivery device 302 in a delivery configu-
ration while FIG. 19 shows the delivery device 302 in a
mapping configuration. In some cases, as illustrated, the
delivery device 302 may include a device containment
housing 304 extending distally from a shaft 306. In some
cases, the device containment housing 304 may be consid-
ered as being an example of the device containment housing
108 while the shaft 306 may be considered as generally
representing at least a portion of the intermediate tubular
member 110 and the outer tubular member 102, and may in
some cases be considered as extending proximally to the
handle assembly 120. In some cases, as seen, the device
containment housing 304 includes electrodes that may be
used in electrically testing a possible implantation site.

[0111] Insome cases, the device containment housing 304
includes an electrode assembly 310 that includes a distal
ring 312 and a proximal ring 314, with a plurality of
electrode supports 316 extending between the distal ring 312
and the proximal ring 314. Each of the plurality of electrode
supports 316 include a plurality of individually addressable
electrodes 318. In some cases, the distal ring 312 is secured
relative to the device containment housing 304 while the
proximal ring 314 may be slidable relative to the device
containment housing 304. In some cases, a deployment
member 320 may be operably coupled to the proximal ring
314 and extend proximally through the shaft 306 such that
the proximal ring 314 may be moved forwards and back-
wards by pushing and pulling on the deployment member
320. In other cases, the distal ring 312 may be slidable, and
the deployment member 320 may instead be operably
coupled to the distal ring 312. In either case, in the deployed
state, stimulation pulses (e.g. pacing pulses) may be sequen-
tially applied to each of the plurality of individually address-
able electrodes 318, and a response may be sensed and
recorded. This may help determine a suitable implantation
site for the IMD. Once a suitable implantation site has been
determined, the deployment member 320 may be moved to
retract the electrode supports 316, and the device contain-
ment housing 304 may be positioned over the suitable site
and the IMD in the device containment housing 304 may be
deployed and implanted at the site.

[0112] It will be appreciated that the electrode assembly
310 permits mapping of the endocardial surface. In some
cases, this may be useful in determining or otherwise
identifying intrinsic activation patterns. In some cases, map-
ping the endocardial surface may facilitate identification of
scar tissue and possibly other damaged tissue, to be avoided
when deploying the IMD 10. It will be appreciated that
while no sensors are shown as being part of the delivery
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device 302, one or more sensors such as pressure sensors,
accelerometers and/or gyroscopes may be included as part of
the delivery device 302 in order to gauge cardiac response
to an applied stimulation via each of two or more of the
individually addressable electrodes 318, for example.

[0113] As noted with respect to FIG. 2, in some cases the
IMD 10 may include one or more magnetic tracking sensors
and/or impedance tracking sensors. FIG. 20 schematically
illustrates a system 400 in which a patient P, including a
heart H, is placed in front of (or on top of) a magnetic field
generator 402. In some cases, a device disposed within the
heart H includes a magnetic tracking sensor and/or an
impedance tracking sensor 404. In some cases, when the
magnetic field generator 402 is generating a magnetic field,
and the magnetic tracking sensor 404 within the device is
turned on, the magnetic tracking sensor 404 is able to
determine its location relative to the magnetic field lines, and
to communicate this information for display on a monitor
406. When a current generator (not shown) provides current
to the body (e.g. via two or more electrode patches), an
impedance tracking sensor within the device may be able to
determine its location relative to the electric field lines, and
to communicate this information for display on a monitor
406. In some cases, both magnetic tracking and impedance
tracking may be used to identify and track the location of the
device. In some cases, the device including the magnetic
tracking sensor and/or an impedance tracking sensor 404
may be a leadless cardiac pacemaker (LCP) or other intrac-
ardially implanted device, and the system 400 may provide
an indication of the location of the device within the body.
In some cases, the device including the magnetic tracking
sensor and/or impedance tracking sensor 404 may instead be
a delivery device, and the magnetic tracking sensor and/or
an impedance tracking sensor 404 may provide an indication
of the location of the delivery device. In some cases, the
magnetic tracking sensor and/or impedance tracking sensor
404 may not only provide location (X, Y, 7), but may also
provide pitch, yaw, velocity, acceleration, twist, and/or other
parameters related to the device’s position.

[0114] As illustrated, the system 400 may be a structure
that the patient P lies on, or perhaps stands in front of. In
some cases, it is contemplated that the magnpetic field
generator 402 may be incorporated into a wearable vest that
may be used for ambulatory measurements. In some cases,
information provided by the system 400 may be used to help
guide initial implantation and to verify fixation of the device
(such as the IMD 10). In some cases, the data provided may
be used for determining rate response sensor calibration, as
otherwise heart motion can interfere with detecting physical
movement of the patient. In some cases, a co-implanted
device such as but not limited to a subcutaneous implantable
cardioverter-defibrillator (SICD) may be used to generate
the magnetic field and/or electric field (e.g. current). In some
cases, the SICD may inject a current, which may be detected
by the IMD 10 and this information may be used to improve
location detection via impedance tracking.

[0115] The delivery device 100, 202, 226, 250, 302, or
components thereof, may be made from a metal, metal alloy,
polymer (some examples of which are disclosed below), a
metal-polymer composite, ceramics, combinations thereof,
and the like, or other suitable material. Some examples of
suitable polymers may include polytetrafluoroethylene
(PTFE), ethylene tetrafluoroethylene (ETFE), fluorinated
ethylene propylene (FEP), polyoxymethylene (POM, for
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example, DELRIN® available from DuPont), polyether
block ester, polyurethane (for example, Polyurethane 85A),
polypropylene (PP), polyvinylchloride (PVC), polyether-
ester (for example, ARNITEL® available from DSM Engi-
neering Plastics), ether or ester based copolymers (for
example, butylene/poly(alkylene ether) phthalate and/or
other polyester elastomers such as HYTREL® available
from DuPont), polvamide (for example, DURETHAN®
available from Bayer or CRISTAMID® available from EIf
Atochem), elastomeric polyamides, block polyamide/ethers,
polyether block amide (PEBA, for example available under
the trade name PEBAX®), ethylene vinyl acetate copoly-
mers (EVA), silicones, polyethylene (PE), Marlex high-
density polyethylene, Marlex low-density polyethylene, lin-
ear low density polyethylene (for example REXELL®),
polyester, polybutylene terephthalate (PBT), polyethylene
terephthalate (PET), polytrimethylene terephthalate, poly-
ethylene naphthalate (PEN), polyetheretherketone (PEEK),
polyimide (PI), polyetherimide (PEI), polyphenylene sulfide
(PPS), polyphenylene oxide (PPO), poly paraphenylene
terephthalamide (for example, KEVLAR®), polysulfone,
nylon, nylon-12 (such as GRILAMID® available from EMS
American Grilon), perfluoro(propyl vinyl ether) (PFA), eth-
ylene viny! alcohol, polyolefin, polystyrene, epoxy. polyvi-
nylidene chloride (PVdAC), poly(styrene-b-isobutylene-b-
styrene) (for example, SIBS and/or SIBS 50A),
polycarbonates, ionomers, biocompatible polymers, other
suitable materials, or mixtures, combinations, copolymers
thereof, polymer/metal composites, and the like. In some
embodiments the polymer can be blended with a liquid
crystal polymer (LCP). For example, the mixture can con-
tain up to about 6 percent LCP.

[0116] Some examples of suitable metals and metal alloys
include stainless steel, such as 304V, 304L, and 316LV
stainless steel; mild steel; nickel-titanium alloy such as
linear-elastic and/or super-elastic nitinol; other nickel alloys
such as nickel-chromium-molybdenum alloys (e.g., UNS:
N06625 such as INCONEL® 625, UNS: N06022 such as
HASTELLOY® C-22®, UNS: N10276 such as HASTEL-
LOY® C276®, other HASTELLOY® alloys, and the like),
nickel-copper alloys (e.g., UNS: N04400 such as MONEL®
400, NICKELVAC® 400, NICORROS® 400, and the like),
nickel-cobalt-chromium-molybdenum alloys (e.g., UNS:
R30035 such as MP35-N® and the like), nickel-molybde-
num alloys (e.g., UNS: N10665 such as HASTELLOY®
ALLOY B2®), other nickel-chromium alloys, other nickel-
molybdenum alloys, other nickel-cobalt alloys, other nickel-
iron alloys, other nickel-copper alloys, other nickel-tungsten
or tungsten alloys, and the like; cobalt-chromium alloys;
cobalt-chromium-molybdenum alloys (e.g., UNS: R30003
such as ELGILOY®, PHYNOX®, and the like); platinum
enriched stainless steel; titanium; combinations thereof;, and
the like; or any other suitable material.

[0117] In at least some embodiments, portions or all of the
delivery device 100, 202, 226, 250, 302, or components
thereof, may be doped with, made of, or otherwise include
a radiopaque material. Radiopaque materials are understood
to be materials capable of producing a relatively bright
image on a fluoroscopy screen or another imaging technique
during a medical procedure. This relatively bright image
aids the user of the delivery device 100, 202, 226, 250, 302
in determining its location. Some examples of radiopaque
materials can include, but are not limited to, gold, platinum,
palladium, tantalum, tungsten alloy, polymer material
loaded with a radiopaque filler, and the like. Additionally,
other radiopaque marker bands and/or coils may also be
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incorporated into the design of the delivery device 100, 202,
226, 250, 302, or components thereof, to achieve the same
result.
[0118] It should be understood that this disclosure is, in
many respects, only illustrative. Changes may be made in
details, particularly in matters of shape, size, and arrange-
ment of steps without exceeding the scope of the disclosure.
This may include, to the extent that it is appropriate, the use
of any of the features of one example embodiment being
used in other embodiments. The disclosure’s scope is, of
course, defined in the language in which the appended
claims are expressed.

What is claimed is:

1. A delivery and deployment device configured to deliver
an implantable medical device (IMD) to a chamber of a
patient’s heart and deploy the IMD therein, the delivery and
deployment device comprising:

a handle assembly;

a shaft extending distally from the handle assembly, the

shaft including a distal region;

a device containment housing coupled to the distal region
of the shaft and extending distally therefrom, the device
containment housing configured to accommodate at
least part of the IMD therein;

a plurality of electrodes distributed about an exterior
surface of the device containment housing such that at
least some of the plurality of electrodes may be posi-
tioned to test a potential IMD deployment location
before deploying the IMD; and

a plurality of electrical conductors operably coupled with
the plurality of electrodes and extending proximally
back along the shaft toward the handle assembly, the
plurality of electrical conductors having proximal ends
configured to be operably coupled to a testing device.

2. The delivery and deployment device of claim 1,
wherein the plurality of electrodes include at least some
electrodes that are radially disposed about the exterior
surface of the device containment housing.

3. The delivery and deployment device of claim 1,
wherein the plurality of electrodes comprise at least four
electrodes spaced axially along the exterior surface of the
device containment housing, the at least four electrodes
including a first electrode, a second electrode, a third elec-
trode and a fourth electrode;

the first electrode and the fourth electrode spaced apart a
first distance to form a stimulation dipole providing a
potential difference;

the second electrode and the third electrode spaced apart
a second distance less than the first distance to provide
a conductivity measurement by measuring a voltage
between the second electrode and the third electrode
resulting from the potential difference applied by the
first electrode and the second electrode; and

the second electrode and the third electrode disposed
between the first electrode and the fourth electrode.

4. The delivery and deployment device of claim 1,
wherein the plurality of electrodes comprise a first electrode
and a second electrode disposed on an exterior surface of the
device containment housing to form a stimulation bipole.

5. The delivery and deployment device of claim 4, further
comprising a pressure sensor configured to obtain an indi-
cation of pressure in the chamber of the patient’s heart in
response to a stimulating electrical pulse delivered via the
first electrode and the second electrode.

6. The delivery and deployment device of claim 5,
wherein the pressure sensor is disposed at or near a proximal
end of the device containment housing.
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7. The delivery and deployment device of claim 4, further
comptising:

a first pressure sensor configured to obtain an indication

of pressure in the chamber of the patient’s heart; and

a second pressure sensor configured to obtain an indica-
tion of pressure in a different chamber of the patient’s
heart.

8. The delivery and deployment device of claim 4, further
comprising an accelerometer and/or a gyroscope fixed rela-
tive to the device containment housing.

9. The delivery and deployment device of claim 1,
wherein at least some of the plurality of electrodes are
disposed on an expandable assembly movably secured about
an exterior of the device containment housing, the expand-
able assembly movable to a deployed configuration in which
at least some of the plurality of electrodes contact cardiac
tissue for endocardial mapping of at least part of the cham-
ber of the patient’s heart prior to IMD deployment.

10. The delivery and deployment device of claim 1,
further comprising one or more magnet tracking sensor fixed
relative to the device containment housing for tracking
purposes.

11. An IMD implantation device configured to deliver an
implantable medical device (IMD) to a chamber of a
patient’s heart and deploy the IMD therein, the IMD implan-
tation device comprising;

a handle assembly;

a shaft extending distally from the handle assembly, the

shaft including a distal region;

a device containment housing coupled to the distal region
of the shaft and extending distally therefrom, the device
containment housing configured to accommodate at
least part of the IMD therein;

a deployment member extending through the shaft, the
deployment member configured to apply a deployment
force to the IMD in order to move the IMD from the
device containment housing to deploy the IMD in the
patient’s heart;

a plurality of electrodes distributed about an exterior
surface of the device containment housing such that at
least some of the plurality of electrodes may be posi-
tioned to test a potential IMD deployment location
before deploying the IMD); and

a plurality of electrical conductors operably coupled with
the plurality of electrodes and extending proximally
back along the shaft toward the handle assembly, the
plurality of electrical conductors having proximal ends
configured to be operably coupled to a testing device.

12. The IMD implantation device of claim 11, wherein the
deployment member is a push tube, and wherein the IMD
implantation device further comprises:

a tether extending distally through the push tube and
coupled to the IMD, the tether configured to be used to
retrieve the IMD back into the device containment
housing if an alternate deployment location is desired.

13. The IMD implantation device of claim 12, wherein the
plurality of electrodes comprise at least four electrodes
spaced axially along the device containment housing, the at
least four electrodes including a first electrode, a second
electrode, a third electrode and a fourth electrode;
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the first electrode and the fourth electrode are spaced apart
a first distance to form a stimulation dipole providing a
potential difference, wherein the fourth electrode
extends to a distal end of the device containment
housing;

the second electrode and the third electrode are spaced
apart a second distance less than the first distance to
provide a conductivity measurement by measuring a
voltage between the second electrode and the third
electrode resulting from the potential difference applied
by the first electrode and the second electrode; and

the second electrode and the third electrode disposed
between the first electrode and the fourth electrode.

14. The IMD implantation device of claim 11, wherein the
plurality of electrodes comprise a first electrode and a
second electrode disposed on an exterior surface of the
device containment housing to form a stimulation bipole.

15. The IMD implantation device of claim 14, further
comprising a pressure sensor configured to obtain an indi-
cation of pressure in the chamber of the patient’s heart in
response to a stimulating electrical pulse delivered via the
first electrode and the second electrode.

16. The IMD implantation device of claim 15, wherein the
pressure sensor is disposed at or near a proximal end of the
device containment housing.

17. The IMD implantation device of claim 14, further
comprising an accelerometer and/or a gyroscope fixed rela-
tive to the device containment housing.

18. An implantation device configured to deliver a lead-
less cardiac pacemaker (LCP) to a chamber of a patient’s
heart and deploy the LCP therein, the implantation device
comprising:

a handle assembly;

a shaft extending distally from the handle assembly, the

shaft including a distal region;

a device containment housing coupled to the distal region
of the shaft and extending distally therefrom, the device
containment housing configured to accommodate the
LCP therein;

a deployment member extending through the shaft, the
deployment member configured to apply a deployment
force to the LCP in order to move the LCP from a distal
end of the device containment housing to deploy the
LCP in the patient’s heart; and

one or more tracking sensors fixed relative to the device
containment housing to facilitate tracking of the device
containment housing.

19. The implantation device of claim 18, wherein the one
or more tracking sensors comprise a magnetic tracking
sensor to facilitate magnet tracking of the device contain-
ment housing and/or an impedance tracking sensor to facili-
tate impedance tracking of the device containment housing.

20. The implantation device of claim 18, further compris-
ing an LCP disposed within the device containment housing,
the LCP comprising one or more LCP magnetic tracking
sensors to facilitate magnet tracking of the LCP and/or one
or more LCP impedance tracking sensors to facilitate imped-
ance tracking of the LCP.
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