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(57) Abstract: Delivery devices, systems, and methods for delivering implantable leadless pacing devices are disclosed. An example
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material which allows for a lubricious, strong, no stretch, no memory tether. The tether may releasably secure the implantable lead-
o less pacing device to the delivery device.



WO 2017/087675 PCT/US2016/062536

BELIVERY DEVICES AND METHODS FOR LEADLESS
CARDIAC DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS

10001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 62/238,064 filed on November 20, 2015, the disclosure of which is

meorporated herein by reference.
TECHNICAL FIELD

{6062] The present disclosure pertains to medical devices, and methods for
manufacturing and/or using medical devices. More particularly, the present disclosure
pertains to leadless cardiac devices and methods, such as leadiess pacing devices and

methods, and dehivery devices and methods for such leadless devices.

BACKGROUND
{0003] A wide varicty 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 systoms 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 vanety of methods. Ofthe known
medical devices, debivery systems, and methods, gach has certam advantages and
disadvantages. There is an ongoing need to provide alternative medical devices and
delivery devices as well as altermative methods for manufacturing and using medical

devices and delivery devices..

BRIFF SUMMARY
J004] This disclosure provides design, matenal, manufacturing method, and use

alternatives for medical devices, mcluding delivery devices.

{0005] In a first example, a dehiverv system for delivering an implantable leadless
pacing device may comprise a tubular member inchiding a lumen extending from a
proximal end to a distal end thereof, the tubular member including a distal holding
section defining a cavity therein, a bandle assembly, and an implantable lcadless pacing

device configured to be disposed within the cavity of the distal holding section. The
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leadless pacing device may comprise a housing having a proximal end and a distal end,
a fixation mechanism disposed adjacent the distal end, and a tether retention feature
disposed adjacent to the proximal end. The delivery svstem may further comprise a
tether configured fo releasably secure the implantable Jeadless pacing device to the
delivery device, the tether may be releasably coupled to the tether retention feature of

the leadless pacing device and extending to the handle assembly of the delivery device,

{0006] Alternatively or additionally to any of the examples above, in another
example, the tether may have atensile strength in the range of 26.7 Newtons (N} to 9.0

N.

{00671 Alternatively or additionally to any of the examples above, in another

example, the tether may have a tensile strength in the range of 336 Nto 44 5 N,

O008] Alternativelv or additionally to any of the examples above, in another
gxample, the tether may have a modulus of elasticity in the range of 96.5 gigapascals

(GPa)to 131 GPa.

{6069] Alternatively or additionally to any of the examples above, m another

example, the tether may have a coefficient of friction of less than 0.05.

{001 0] Altematively or additionally to any of the examples above, in another
example, the tether may comprisc a monofilament ulira-high-molecular-weight

polvethviene (UHMWPE).

001 1] Alternatively or additionally to any of the examples above, in another

gxample, the tether may comprise a multifilament UHMWPE,

{0012] Alternatively or additionally to any of the examples above, in another

example, the tether may comprise a monofilament polyether ether ketone (PEEK).

001 3] Altematively or additionally to any of the examples above, in another
example, the tether may comprise a polyvtetrafluoroethvlene (PTFE} coated nitinol wire

or cable.
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{0014] Alternatively or additionally to any of the examples above, m another
example, the tether may comprise an ethviene tetrafluorocthvlene (ETFE) coated nitinol

wire or cable.

{001 5] Alternatively or additionally to any of the examples above, in another
example, the tether retention feature may be incorporated with a docking member of

the teadless pacing device.

001 6] Alternativelv or additionally to any of the examples above, in another
example, the tether may be configured to pass through an opening in the tether retention

feature.

{6017} Alternatively or additionally to any of the examples above, in another

example, the tether may form a loop.

{0018] Altematively or additionally to any of the examples above, in another
example, a proximal end of the tether may be configured fo be actuated to perform a

fixation test on the leadless pacing device.

{001 9] Alternatively or additionally to any of the examples above, in another

gxample, a proximal end of the tether may be secured to a cap in the handle assembly.

{0026] In another example, a delivery svstem for delivering an implantable
leadless pacing device may compnise a delivery device. The delivery device may
comprise a tubular member including a lumen extending from a proximal end to a distal
end thereof, the tubular member including a distal holding section defining a cavity
therein and a handle assembly. The delivery system may further comprise an
implantable leadless pacing device configured to be disposed within the cavity of the
distal bolding section. The leadless pacing device may comprise a housing having a
proximal end and a distal end, a fixation mechanism disposed adjacent the distal end,
and a tether retention featare disposed adjacent to the proximal end. The delivery
svstem may further comprise a tether configured to releasably secure the implantable
leadless pacing device to the delivery device, the tether may be releasably coupled to
the tether retention feature of the leadless pacing device and extending to the handle

assembly of the delivery device.

(]
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{00211 Alternatively or additionally to any of the examples above, m another
example, the tether may have atensile strength in the range of 26.7 Newtons (N} 10 89.0

N.

{00221 Alternatively or additionally to any of the examples above, in another

example, the tether may have a tensile strength in the range of 336 Nto 44 5 N,

{0023] Alternativelv or addutionally to anv of the cxamples above, in another
example, the tether may have a modulus of elasticity in the range of 96.5 gigapascals

{(GPa)to 131 GPa.

{0024] Alternatively or additionally to any of the examples above, mn another

example, the tether may have a coetficient of friction of less than 0.05.

0025] Altematively or additionally to any of the examples above, in another
cxample, the tether may comprise a monofilament ultra-high-molecular-weight

polvethyviene (UHMWPE).

{0026] Alternativelv or additionally to any of the examples above, in another

example, the tether may comprise a multifilament UHMWPE.

{00271 Alternatively or additionally to any of the examples above, in another

example, the tether may comprise a monofilament polyether ether ketone (PEEK).

O028] Alternatively or additionally to any of the examples above, in another
example, the tether may comprise a polytetrafluorocthylene (PTFE} coated nitinol wire

or cable.

{6029] Alternatively or additionally to any of the examples above, m another
example, the tether may comprises an cthylene tetraflucrocthyviene (ETFE) coated

nitinol wire or cable.

{0036] in another example, a delivery system for delivering an implantable
jeadless pacing device may compnise a delivery device. The delivery device may
comprise a tubular member including a lumen extending from a proximal end to a distal
end thereof, the tubular member including a distal holding defining a cavity therein and

a handle assembly. The delivery system may further comprise an mmplantable lcadless
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pacing device configured to be disposed within the cavity of the distal holdimg section.
The lcadless pacing device may comprise a housing having a proximal end and a distal
end, a fixation mechanism disposed adjacent the distal end, and a docking member
comprsing a tether retention loop disposed adjacent to the proximal end. The delivery
system may further comprise a tether comprising a length of material having a first end
and a second ond and may be configured 1o releasably secure the implantable fcadless
pacing device to the delivery deviee, the tether looped around the tether retention loop

and extending to the handle assembly of the delivery device.

{0031 Alternativelv or additionally to any of the examples above, in another
gxample, the tether may have atensile strength in the range of 35.6 Newtons (N} to 44 5

N.

{6032} Alternatively or additionally to any of the examples above, in another
example, the tether may have a modulus of clasticity in the range of 96.5 gigapascals

{GPayto 131 GPa.

{00331 Alternatively or additionally to any of the examples above, in another

example, the tether may have a coefficient of friction of less than 0.05.

[0034] Alternatively or additionally to any of the examples above, in another
example, the tether may comprise a monofilament ultra-high-molecular-weight

polyethylene (UHMWPE}.

{0035] Alternatively or additionally to any of the examples above, in another

example, the tether may comprise a multifilament UHMWPE.,

{0036] Altematively or additionally to any of the examples above, in another

example, the tether may comprise a monofilament polyether cther ketone (PEEK).

{60371 Alternatively or additionally to any of the examples above, in another
example, the tether may comprise a polvietrafluoroethviene (PTFE) coated nitinol wire

or cable.

{0038] Alternatively or additionally to any of the examples above, in another
example, the tether may comprise an sthylene tetrafluoroethvlene (ETFE) coated nitinol

witre or cable.
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§8039] In another example, a delivery system for delivering an implantable
lcadless pacing device may comprise a delivery device. The delivery device may
comprise a tubular member including a lumen extending from a proximal end to a distal
end thereof, the tubular member including a distal holding section defining a cavity
therein, a pusher member extending through the lamen of the tubular member, and a
handle assembly configured to actuate the pusher member relative to the tobular
member. The delivery system may further comprise an implantable leadless pacing
device configured to be disposed within the cavity of the distal holding section. The
leadless pacing device may comprise a housing having a proximal end and a distal end.
a fixation mechanisin disposed adjacent the distal end, and a docking member
comprsing a tether retention loop disposed adjacent to the proximal end. The delivery
system may further comprise a tether comprising a length of material having a first end
and & second end and may beconfigured to releasably secure the tmplantable leadless
pacing device to the delivery deviee, the tether looped around the tether retention loop
and extending to the handle assembly of the delivery device. The tether may have a
tensile strength in the range of 35.6 Newtons (N) to 44.5 N, a modulus of elasticity in
the range of 96.5 gigapascals (GPa) to 131 GPa, and a cocfficicnt of friction of less than

0.05.

{3046] The above summary of some embodiments 1s not intended to describe cach
disclosed embodiment or every implementation of the present disclosare. The Figures,
and Detatled Description, which follow, more particularty exemplify some of these

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
{00411 The disclosure may be more completely understood in consideration of the
followmg detaled description in conngction with the accompanving drawings, in

which:

{0042] Figure 1 15 a plan view of an example leadless pacing device implanted

within a heart;

{004 3] Figure 2 1s a side view of an example implantable leadless cardiac pacing

device;

&
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0044] Figure 3 is a cross-sectional view of the implantable leadless cardiac pacing

device of Figure 2;

{0045] Figure 4 ig a plan view of an ¢xample delivery device for an implantable

leadless cardiac pacing device;

{0046] Figure 5 i3 a partial cross-sectional side view of the distal portion of the

delivery device of Figure 4;

{00471 Figure 6 1s a top view of the handle of the tlustrative delivery device of

Figure 4;

{0048] Figure 7 15 a bottom view of the handle of the tllustrative delivery device

of Figure 4;

{00491 Figure 8 1s a cross-section view of the handle of the illustrative delivery

device of Figure 4 taken at line -8 in Figure 6;

0058] Figure 9 is a perspective view of the handle of the illustrative delivery

device of Figure 4 with portions removed;

{0051 Figures 10A-~10E are schematic views lustrating the use of the iliustrative

delivery device to deploy an implantable leadless cardiac pacing device; and

[0032] Figures 11A-11B are schematic views illustrating a telescoping feature of

the iHustrative delivery device.

DETAILED DESCRIPTION
053] For the following defined terms, these definitions shali be applied, unless a

different definttion is given in the claims or elsewhere in this specification.

{0054] All numeric values are heremn assumed to be modified by the term “about,”
whether or not explicitly mdicated. The term “abouwt” generally refers to a range of
numbers that one of skill in the art would consider equivalent to the recited value (¢,

3

having the same function or result). In many instances, the terms “about” may include

numbers that are rounded to the nearest significant figure,
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{0055] The recitation of numerical ranges by endpomnts mchudes all numbers

within that range (c.g. 1to 5 mclades 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

{056] 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 n this specification and the appended claims, the term “or” is

generally emploved 1 its sense including “and/or” unless the content clearly dictates

otherwise.
{0037) It 1s noted that references in the specification to “an embodiment”, “some
embodiments”, “other embodiments”™, ¢tc, indicate that the embodiment described may

mclude one or more particular features, structures, and/or characteristics. However,
such recitations do not necessarily mean that all embodiments include the particular
features, structures, and/or characteristics. Additionally, when particolar features,
structures, and/or characteristics are described in connection with one embodiment, it
should be understood that such features, structures, and/or charactenistics may also be
used connection with other embodiments whether or not explicitly described unless

clearly stated to the contrary.

{0058] The following detailed description should be read with reference to the
drawings i which similar strectures in different drawings are numbered the same. The
drawings, which are not necessarily o scale, depict illustrative embodiments and are

not intended to limit the scope of the disclosurs.

{0059] Cardiac pacemakers provide electrical stimulation to heart fissue to
cause the heart to comtract and thus pump blood through the vascular system.
{Conventional pacemakers tvpically include an electrical lead that extends from a pulse
gencrator implanted subcutaneously or sub-muscularly to an electrode positioned
adjacent the mside or outside wall of the cardiac chamber. Ag an alternative to
conventional pacemakers, seif-contained or lcadless cardiac pacemakers have becn
proposed.  Leadless cardiac pacemakers are small capsules tyvpically fixed to an
mtracardiac implant site in a cardiac chamber. The small capsule typically mchudes
bipolar pacig/sensing electrodes, a power source (e.g. a battery), and associated
electrical circuitry for coutrolling the pacing/sensing clectrodes, and thus provide

glectrical siimulation to heart tissue and/or sense a physiclogical condition. The capsule
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may be delivery to the heart using a delivery device which may be advanced through a
femoral vein, into the inferior vena cava, mto the right atrium, through the tncuspid
valve, and into the right ventricle. Accordingly, it may be desirable to provide delivery

devices which facilitate advancement through the vasculature,

{0066] Figure 1 illustrates an example implantable eadless cardiac pacing device
10 (e.g., a leadless pacemaker) implanted i a chamber of a heart H, such as the right
ventricle RV, A side view of the illustrative implantable device 10 1s shown in Figure
2 and a cross-sectional view of the illustrative implantable deviee 10, taken at ling 3-3
m Figare 2, is lustrated m Figore 3. The mmplantable device 10 may nclude a shell or
housing 12 having a proximal end 14 and a distal end 16. The implantable device 10
may include a first electrode 20 positioned adjacent to the distal end 16 of the housing
12 and a second clectrode 22 positioned adjacent to the proximal end 14 of the housing
12. For example, housing 12 may include a conductive material and may be insulated
along a portion of its length. A section along the proximal end 14 may be free of
msulation so as to define the second clectrode 22, The electrodes 20, 22 may be sensing
and/or pacing electrodes to provide electro-therapy and/or sensing capabilities. e
first electrode 20 may be capable of being positioned against or may otherwise contact
the cardiac tissue of the heart H while the second electrode 22 may be spaced away

from the first clectrode 20, and thus spaced awayv from the cardiac tissue.

{0061 ] The implangable device 10 may include a pulse gencrator (e.g., clectrical
circuitry} and a power source {(¢.g., a batiery) within the housing 12 to provide electrical
signals to the electrodes 20, 22 and thus control the pacing/sensing electrodes 20, 22.
Electrical communication between the pulse generator and the electrodes 20, 22 may

provide electrical stimulation to heart tissue and/or sense a physiclogical condition.

{8062] The implantable device 10 may mnclude a fixation mechanism 24 proximate
the distal end 16 of the housing 12 configured to attach the impiantable device 10to a
tissue wall of the heart H, or otherwise anchor the implantable device 10 to the anatomy
of the patient. As shown in Figure 1, in some mstances, the fixation mechanism 24
may mchude one or more, or a plurality of hooks or tines 26 anchored into the cardiac
tissue of the heart H to attach the mmplantable device 10 to a tissue wall. In other
mstances, the fixation mechanism 24 may include one or more, or a plurality of passive

tines, configured to entangle with trabeculac within the chamber of the heart H and/or
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a helical fixation anchor configured to be screwed into a tissue wall to anchor the

implantable device 10 to the heart H.

{0063] The implantable device 10 may include a docking member 30 proximate
the proximal end 14 of the housing 12 configured to facilitate delivery and/or retricval
of the mmplantable device 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 dimension from the longitudinal axis of the implantable device 10 which
is greater than a radial dimension of the neck portion 34 from the longitadinal axis of
the mmplantable device 10 The docking member 30 may further include 3 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 retention structure 36 is shown as having a
generally “U-shaped” configuration, the retention structure 36 may take any shape
which provides an enclosed perimeter surrcunding the opening 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
Figure 3. The docking member 30 may be configured to facilitate delivery of the
implantable device 10 to the miracardiac siie and/or retricval of the taplantable device

10 from the intracardiac site. Other docking members 30 are contemplated.

{0064] One aspect of the current disclosure relates to the delivery device and/or
system used, for example, to deliver device 10to a suitable location within the anatomy
{¢.g., the heart}. As may be appreciated, the delivery device may need to be navigated
through relatively tortucus anatomy to deliver the device 10 to a suitable location. For
mstance, in some embodiments, the delivery device may be advanced through the
vasculature to a target region. In some cxample cases the device may be advanced
through a fomoral vein, mto the inferior vena cava, into the right atrium, through the
tricuspid valve, and into the right veninicle. The target region for the delivery of the

device 10 may be a portion of the night ventricle, for example, a portion of the night

10
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ventricle near the apex of the heart. The target region may also include other regions
of the heart (o.g.. right atrivm, left atriom, or left ventricle), blood vessels, or other
suitable targets. ft may be desirable to provide the delivery system with certain features

that may allow for casier or betier control for navigation or delivery purposes.

{0065] Figure 4 1s a plan view of an illustrative delivery device 100, such as a
catheter, that may be used to deliver the implantable device 10, The dehivery device
100 may include an outer tubufar member 102 having a proximal section 104 and &
distal section 106. An intermediate tubular member 110 may be longitudinallv slidably
disposed within a lumen 1350 of the outer tubular member 107 (see e.g. Figure 3). An
mner tubular member 116 may be longitudinally slidably disposed within a humen 152
of the mtermediate tubular member 110 (sec o.g. Figure 5). A distal holding section
108 may be attached to a distal end portion 114 of the intcrmediate tubular member
118, The delivery device 100 may also include a handle assembly 120 positioned
adjacent to the proximal section 104 of the cuter tubular member 102, In some
embodiments, 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 Dl of at least a portion of

the holding section 108 (see e.g. Figure 5).

[0066] The handle assembly 120 may include a first or distal hub portion 126
attached to, such as fixedly attached to, the proxamal end section 104 of the cuter 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. Figure 5). The first hub portion 126,
second hub portion 128, and third hub portion 130 may be positioned in a generally
ielescoping arrangement and longitudinally shidable relative to each other. As will be
discussed in more detail below, cach of the first hub portion 126, the second hub portion
128, and the third b portion 130 may be longitudinally slidabie and rotatabie relative
to each other such that the outer tubular member 102, imtermediate tubular member 110,
and inmer tubular member 116 may be individually actuated. In some instances, if may
be desirable to move the outer tubular member 102, intermediate tubular member 110
and 1nner tubular member 116 simultancously. The handle assembly 120 may include

a multi-stage deplovment mechanism or a first locking mechanism 134 to releasably

11
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couple the second hub portion 128 to the third hub portion 130 to prevent relative
longitudinal movement therebetween, and thus prevent relative longitudimal movement
between the mtermediate 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 heb portion 128 to prevent relative longitudinal movement therebetween, and
thus prevent relative longitudimal movement between the outer tubular member 102 and

the mtermediate tubular member 110, as will be discussed 1 more detail below.

{067) The distal holding section 108 may be configured to receive the implantable
device 10 therein. For example, referring to Figure 5, which illustrates a cross-sectional
view of a distal portion of delivery device 100, the holding section 108 may define a
cavity 142 for slidably receiving the implantable device 10, and may include a distal
opening 144 for slidable msertion and/or extraction of the implantable device 106 into

and/or out of the cavity 142,

0068] The distal holding section 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 device, the tip 140 of the delivery device 100 will likely come mto contact
with tissuc adjacent the target site {¢.z. cardiac tissuc of the heart). A hard distal tip
formed of the matenial of the outer tubular member 102 and/or intermediate tubular
member 110 may mjore a vessel wall or cardiac tissue. As such, it may be desirable to
provide the delivery device 100 with a softer distal tip140 that can be introduced into
the anatomy and come into contact with anatomy adjacent the target citc without

causing unnecessary tranma.

[0069] For example, the distal tip 140 may be made of a matenal that s softer than
the body portion 138 of the distal holding section. In some cases, the distal tip 140 may
include a material that has a durometer that is less thao 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 m the range of about 53 D to about 70 D, or for example,
m the range of about 25 1 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

iz

P4
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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 atravmatic 1o tissuc.

{0070] In some embodiments, all or a portion of the distal holding section 108 may
mclude 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 device
10. For example, the distal holding section 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 distal holding section 108. For example,
the distal holding section 108 may include a multi-layered structure, and an inner layer

may be made of a material that 1s harder than an outer layer.

{00711 The tnner tubular member 116 may be disposed (e.g.

ot

shidably disposed)
within a lumen 132 of the intermediate tubular member 110. The mner tubular member
116 may be engaged by a user near or at the third hub portion 130, and extend through
alamen 152 of the mtermediate tubular member 110 and into the distal holding section
108. A distal portion 118 of the inner tabular member 116 may be capable of engaging
the device 10, and the wnner tubular member 116 may be used to “push™ the device 10
out from distal holding section 108 so as to deploy and anchor device 10 within a target
region {¢.g., a region of the heart such as the right ventricle). The mner tubular member
116 may have a lumen 154 extending from the proximal end 117 to a distal portion 118

thereof.

{0072] Buring delivery of the device 10, a chinician may wish to test the
securement of the device 10 to the tissue and venfy its clectrical performance prior to
permanently releasing the device 10, To enable evaluation ot these parameters, a tether
112 may be used to releasably secure the device 10 to the delivery device 100, The
tether 112 may maintain a connection to the device 10 while also enabling excess tether
112 to extend distally bevond the distal end of the delivery device 100 {see Figure 10E).
This may allow the device 10 to be decoupled from the delivery device 100 for the
cvaluation of the electrical performance (thus minimizing any influence from the
delivery device on the electrode} while stil maintaining a connection between the
device 10 and the delivery device 100, The tether 112 may also be used to evaluate the
fixation of the device 10. A “tug test” may be performed by tugging or pulling on the

proximal end of the tether 112 to visually confirm securement of the device 16, Once
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acceptable performance has been identified, the tether 112 may be released or
uncoupled from the device 10, In some instances, the tether 112 may be a single or
unttary length of material that may extend from a proximal end 117 of the lumen 154,
out through the distal portion 118, through the opening 38 of the device 10 and retum
to the proximal end 117 of the inner tubular member 116 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 sccured within
a locking feature in the third hub portion 130, In other embodiments, the tether 112
may be a single length of material with loose ends secured together to form a loop. In
vet other embodiments, the tother 112 may be formed as a single continuous loop with

no joining features.

{0073] It is contemplated that the tether 112 may be made of a material which
allows for a lubnicious, strong, no stretch, no memory tether. Current implantable
suture materials may not be ideal for this application for several reasons. Multifilament
suture material {c.g. polvester, silk) provide good strength, minimal streich, and no
memory, however, it does not slide well across itself, especially if twisted. This may
cause removal of the tether 112 to be difficult to remove if it becomes twisted or
tangled. Monofilament suture material {e.g. polypropylene, nylon} provides good
strength and lubricity, but streiches significantly. This mayv make it difficult to perform

a fixation evaluation or tug test.

7 4] The tether 112 may have a cross-sectional dimension i the range of 0.601
inches to 0.015 inches (0.0254 millimeters to 0.381 millimeters). The tether 112 should
be made from a material that is lubricious enough that it easily shides against itself and
the tether retention device 36 of the device 10, This may allow for easy removal of the
tether 112 as well as minimize tangling of tether 112 strands withim the delivery device
100, In some mstances, the tether 112 may be formed from a matenial having a
coefficient of friction of less than 0.05. The tether 112 may also be formed of a material
having a tensile strength mn the range of 6 to 20 pounds (1bf) (26.7 Newtons N to 89.0
N} In some mstances, the material may have a minimum tensile strength of about 8
1bf (35.6 N or about 10 1bf (44,5 N). It 1s further contemplated that the tether 112 may
be formed from a matenial that has a modulus of elasticity in the range of 14.0 and 19.0

megapounds per square inch (Mpsi) (96.5 — 131 gigapascals (GPa}) such that the tether
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112 has mimimal or no stretching under an applied force (for example, during the tug
test). Some materials having the above noted properties may mchude, but are not
limited to monofilament ultra-high-molecular-weight polyethviene (UHMWPE),
multifilament UHMWPE, monofilament polyvether ether ketone (PEEK), multifilament
PEEK, polvtetrafluorocthylene (PTFE} coated nitimol wire or cable, cthyvlenc
tetrafluorocthylene (HTFE) coated nitinol wire or cable, and/or cther materials that

exhibit simular properties.

{0075] In order to more specifically place or steer the delivery device 100 to a
position adjacent to the mtended target, the delivery device 100 may be configured to
be deflectable or articulable or steerable. Referring to Figure 4, for example, the cuter
tubular member 102 and/or intermediate tubular member 110 may include one or more
articulation 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
thercof that can be sclectively 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 holding section 108 is i a desirable position or orentation for navigation or
delivery of the device 10 to a target location. The outer tubular member 102 may be

deflected, for example, along a deflection region.

{0076] A wide variety of detlection mechanisms may be used. In some example
embodiments, 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
actuation mechanism 122 near the proximal end of the outer tubular member 102, As
such, the onc 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 {¢.g., “pull”} one or
mote of the pull wires to apply a compression and/or deflection foree 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.
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{00771 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
tmbular member 102 so as to detine 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,

{0078] The actuation mechanism 122 may include a desired mechanism that may
allow for applving teusion (i ¢. pulling force), or compression (i.¢. pushing force), or
both, on the actuation member(s). In some embodiments, the actuation mechamism 122
may include an external rotatable member 124 connected to and rotatable about the
longitadinal 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 1s rotated
in a first rotational direction, the internal member translates in a first longitudinal
direction, therchy applying tension to the pull wire(s), which applics compression force
to the shaft, so as {o deflect the outer tubular member 102 from an mitial position to a
deflected position. When the external rotatable member 124 is rotated in a second
rotational direction, the ternal member translates in a second longitudinal direction,
thereby reducing and/or releasing the tension on the pull wire(s), and aliowing the outer
tbular 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 m the second rotational direction such that the mternal
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 witial position.

{6079] The one or more articulation and/or deflection mechanism{s) may also
entail the outer tubular member 102 mcluding 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 cuter tubular member 102 may include
one or more sections that include structure and/or matenial configured to allow the shaft

o bend and/or deflect in a certain way when a certain predetermined compressive
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and/or tensile force 1s applied. For example, the shatt may include one or more sections
that are more flexible than other sections, thereby defining a bending or articulating
region o1 location. Some such regions may inchude a number of varying or changing
flexabiifity characteristics that may define certain bending shapes when predetermuned
forces are applied. Such characteristics may be achieved through the selection of

materials or structure for different sections of the outer tubular member 102,

{0080] In other embodiments, other articulation and/or deflection mechanism(s)
arc 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 matenal, such as a shape
memory polymer and/or a shape memory metal. Such materials, when stimolated 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 appropnate.

{0081} 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 device 10 Additionally, or aliernatively, some such
curved sections may be configured to allow the outer tubular member 102 1o be
predisposed to be bent and/or deflected n a certain direction or configuration when
compression and/or tension forces are applied thereto. H is contemplated that the cuter
twbular member 102 may be a laser cut metallic tubing, a braid reinforced polyvmeric

tubing, or other flexible tubular structure as desired.

[0082] Returming agan to Figure 5, the distal holding section 108 may be affixed
to a distal end portion 114 of the intermediate tobular member 110, The distal holding
section 108 may include a hub portion 136 and a tubular body portion 138. In some
mstances, the hub portion 136 may be formed from a metal or metal alloy while the
body portion 138 may be formed from a polymeric matenial, although this is not
required. In some mmstances, 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.
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The hub portion 136 may include a tapered intermediate region 145 disposed between

a proximal end portion 139 and the distal end portion 137.

{0083] In some embodiments, the outer tubular member 102 may mclade a metal
nng or tip adjacent the distal end 103 thereot for attaching one or more pull wires
thereto. It is conternplated that the outer tubular member 102 may further include a
lubricious liner, such as, but not imited to a polytetrafleoroethviene (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 mstances, an outer surface of the
proximal end portion 139 may form an interference fit with an imner surface of the outer
tubular member 102, | 13 contemplated that the outer serface of the proximal end
portion 139 and the inner surface of the outer tubular member 102 may be coupled in a
tapered engagement. For example, the distal end 103 of the outer tubular member 102
may flare radially outwards i the distal direction and/or the proximal end portion 139
may taper radially inward in the proximal direction. The two angled surface may
engage as the proximal end portion 139 1s proximally retracted within the outer tubular

member 102, Other coupling arrangements may be used as desired.

{0084] It is contemplated that as the outer tubular member 102 1s bent to navigate
the implantable device 10 to the desired location, the proximal end portion 139 may
advance distally and disengage 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 imtermediate
region 145 into contact with the outer tubslar member 102 at contact point 148 and/or
bringing the proximal end portion 139 mts the outer tubular member 102 and fixing the
mtermediate tubular member 110 in this configuration mav help prevent migration of
the distal holding section 108 during navigation of the dehivery device 100 to the desired
location. Such a configuration may also place the mtermediate tubular member 110 in
tension while the distal holding section 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 tobular member 110 in a

desired orientation.
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{0085] Figure 6 illustrates a top view of the handle assembly 120 of the delivery
device 100. Figure 7 illustrates a bottom view of the handle assembly, approximately
180° from the view shown in Figure 6. The handle assembly 120 may include one or
more ports 158, 160, 162 for delivenng thuds, such as, but not hmited to, a contrast
and/or flushing fluid to the cavity 142 of the distal holding section 108, The flush ports
158, 160, 162 may be in fluid communication with the humens 150, 152, 154 of the
outer, intermediate or inner tubular members 102,110, 116, as desired.  For exanmple,
the flush port 138 may be in fhud communication with the humen 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

comnurncation with the lumen 154 of the mper tubular member 116,

{0086] The handlc assembly 120 may further include a tether lock 164, The tether
lock 164 may be actaatable 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 posttioned 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 15 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 device 10 hag been implanted and its location verified, the tether 112
may be removed from the tether retention feature 36 of the device 10 by pulling on one
of'the ends uniil the opposite end has passed through the opening 38 such that the device

10 is free from the tether 112,

{0087] In some instances, the handle assembly 120 may also mclude visual
markings, such as, but not limited to the markangs lustrated 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 1o indicate that the rotatable member 124
controls deflection of the cuter tubular member 102 and/or o mmdicate which direction
the distal end region 106 will deflect when the rotatable member 124 of the actuation

mechanism §22 is rotated in a given direction. The markings shown at 172 may provide
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an indication of whether the second locking mechanism 132 1s in the unlocked and/or
locked configuration. Similarly, the markings shown at 174 may provide an indication

of whether the tether lock 164 1s in the unlocked and/or locked configuration.

{3088] Figure 8 illustrates a cross-sectional view of the handle assembly 120 ofthe
delivery device. As discussed above, the handle assernbly 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 1o a proximal end section of the intermediate tubular
member 110, and a third hub portion 130 attached to a proximal cnd section of the joner
tubular member 116, Each of the first hub portion 126, the second hub portion 128,
and the third hab portion 130 may be shdable and rotatable relative to each other such
that the outer tubular member 102, intermediate tubular member 110, and ioner tubular

member 116 may be individually longitudinally actuated.

{0089] The inner tubular member 116 may extend distally from a proximal end
117, The proximal end 117 of the inoner 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
delivening fluids, such as, but not limited to, a contrast and/or flushing fluid to the cavity
142 of the distal holding section 108, In some instances, the inner tubular member 116
may be coupled or affixed to the third hub portion 130 adjacent the proxumal end 117
of the nner tubular member 116, although this 1s not required. I is contemplated that
the inner tubular member 116 may be affixed to the third hub portion 130 at any
longitudinal location destred. I some instances, a fether, such as tether 112, for
securing the implantable device 10 1o the distal portion 118 of the inner tubular member
116 may be disposed within the fumen 154 and may exit the delivery device 100

through or adjacent to tether cap 166, although this is not required.

§OG90] The intermediate tubular member 110 may extend distally from a proximal
end 111, The proximal end 111 of the imtermediate tubular member 110 may be
posttioned within the second hub portion 128, The intermediate tubular member 110
may mclude a lomen 152 extending from the proximal end 111 to a distal end of the
mtermediate tubular member 110, The inner tubular member 116 may be slidably

disposed within the humen 152 of the intermediate tubular member 110, In some

"
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mstances, the intermediate tubular member 110 may be coupled or affixed to the second
hub portion 128 adjacent the proximal end 111 of the mtermediate tubular member 110,
although this 15 not required. 1t is contemplated that the intermediate tubular member

110 may be affixed to the second hub portion 128 at any longitudinal location desired.

{0091 The outer tubular member 102 may extend distally from a proximal end
105, The proximal end 105 of the outer tabular member 102 may be positioned within
the first hub portion 126. The cuter tubular member 102 may include a humen 150
extending from the proximal end 103 to a distal end 103 of the outer tubular member
162, The mtermediate tubular member 110 may be longitudinally shdably disposed
within the lumen 150 of the outer tubular member 102, In some instances, the outer
tubular member 102 may be coupled or affixed to the first hub portion 126 adjacent the
proximal end 105 of the outer tubular member 102, although this s not required. tis
contemplated that the outer tubalar member 102 may be affixed to the first hub portion

126 at any longitudinal location desired.

{0052] In some instances, the first hub portion 126 may imnchude a retaining ring
182 positioned adjacent to a proximal end of the first hab portion 126, In some
mstances, the retaining ring 182 may be rotatable about a longitudinal axis of the handle
assembly 120. It is further contemplated that 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 longitudinal 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,
it 1s contemplated that 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 tubalar member 110, are contemplated.

{0093] In some instances, the first locking mechanmism 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 130 and
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a second nwardly protruding portion 135 configured to engage a region of the second
hub portion 128, For example, the second protruding portion 135 may be disposed 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 actuated {c.g. depressed) by a clinician. A
downward force 186 may be applied to the button 131, The force 186 may cause the
first protrading portion 133 to lower and/or disengage from a surface of the third hub
portion 130 and the sccond protruding portion 135 to raise and/or disengage from a
surface of the second hub portion 128, This mayv allow the third hub portion 130 to be
moved longitudinally (e.g., proxsimally and/or distallv), as shown at 184, along a
longitadinal 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 mmer tubular member (and hence device 10) refative to mtermediate
tubular member 110 and distal holding section 108, Such actuation may be used to
mcrementally deploy the deviee 10, Figure 8 illustrates the second protruding portion
135 disposed in the middle of the recess 178, However, it 1s contemplated that during
advancement of the delivery device 100 to the desired treatment location, the second
protrading portion 135 may be positioned at the proximal end of the recess 178 to
ensurc the device 10 1s fully disposed in the distal holding section 108, This is just an
example. While the first locking mechanism 134 is deseribed as a depressible button
131, it is contemplated that other locking mechanisms capable of releasably securnng
the second hub portion 128 and the third bub portion 130, and thus the mtermediate

tubular member 110 and the inner tubular member 116, are contemplated.

{00941 Figure 9 illustrates a partial perspective view of the handle assembly 120
with portions of the third hub portion 130 removed to more clearly ilfustrate 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
aproximal end 179 to a distal end 181, In some embodiments, groove 178 may imclude
a proximal portion 177 and a distal portion 183 which may be circamferentially 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

[\
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configured to engage the second protruding portion 135 of the first locking mechanism
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 must rotate 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 device 10 to be incrementally deployed. During advancement
of the debivery 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 protruding portion 135 may engage a surface of the second
hub portion 128 to prevent and/or mininize relative movement of the second and third

bub portions 128, 130 relative to one another.

{H095] 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 15 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 portioni83 of the groove 178 to the proximal portion 177
of the groove m 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 porion 128 in a single proximal movement, if so desired, without
prohibiting travel of the sccond protruding portion 135 from the distal portion 183 to

the proximal portion 177.

196] 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 retracied 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.

j0097] Referring now to Figures 10A-10E, a method for deploying a device 10
using the ithustrative delivery device 100 will now be described. The delivery device
100 may be introduced into the vasculature through the fomoral vein through a
previously mtroduced guide catheter. Thisis just an example. The delivery device 100
may be introdaced through any desired location and with or without the use of a guide

catheter as destred. The delivery device 100 may be advanced through the vasculature
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to the desired treatment location, which, in the case of a leadless cardiac pacing device,
may be a chamber of the heart. The clinician mayv use the actuation mechamism 122
may to deflect the distal end portion 106 of the outer tubular member 102 in a desired
manner to facilitate advancement of the delivery device 100, Duning advancement of
the delivery device 100, the handle assembly 120 may be in a fully extended
configuration, as shown in Figure 10A. In such a configuration, the third hub portion
130 may be at 1ts 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, miermediate tubular member 110, and the outer tubular member
102 may be oriented in the manner itlustrated in Figure 3. The delivery device 100 can

be imaged using known techniques to ensure accurate placement of the device 10,

{8038] Once the distal tip portion 140 of the distal holding section 108 has been
positioned adjacent to the cardiac tissue where the device 10 is desired, deplovment of
the device 10 can begin. The first stage of the deployment of the device 10 may enable
activation of the fixation mechanism 24. To mitiate 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 shide the third
hub portion 130 distallv, as shown at 190, until the first locking mechanism 134 engages
the hard stop 180 provided in the second hub portion 128 resulting in the handle
assembly 120 configuration shown in Figure 10B. Distal actuation of the third hub
portion 130 may also move the inner tubular member 116 distally by the same distance.
As the nner tbular member 116 advances distally, the distal end region 118 may
“push™ against the proximal end 14 of the device 10, As the device 10 is pushed
distally, the hooks 26 engage the heart tissue as shown in Figure 10C. The device 10
may be distally advanced out of the distal holding section 108 to deploy the hooks or
tines 26 from the distal holding section 108 to engage the hooks or tines 26 in the heart
tissue while the proximal portion of the device 10 remains within the distal holding
section 108. In some instances, the device 10 may be advanced distally in the range of
I to 5 millimeters, although other distances are contemplated. This may allow the
device 10 to be deploved while minimizing the amount of pressure applied to the heart

wall. Further, the first locking mechanism 134 may prevent accidental or unintentional
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deployment of the device 10 as the button 131 must be actuated while advancing the

third hub portion 130.

{099] Referring briefly to Figures 11A and 11B, in some instances, it may be
desirable to advance the distal holding section 108 and the intermediate tubular member
110 without advancing the outer tubular member 102 (i.¢., telescoping the mtermediate
tbudar member 110}, For example, this may facilitate advancement of the delivery
device 100 within the heart or maintain the position of the distal holding section 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 distal holding section 108 as far as desired and/or needed. The actuation
of the second and third hub portions 128, 130 may smultaneously move the
mtermediate tubular member 110 and the inner tubidar member 116 as well. This may
be done during advancement of the delivery device 100 through the vasculature, before
mitiating the first stage of device 10 deployment, and/or after the first stage of device

10 deployment has been completed, as destred or needed.

[3108] Afier the first stage of deployment of the device 10, m which the tines or
hooks 26 have been deploved from the distal holding section 108 into engagement with
the heart wall, the tether 112 may be used to perform a tug test to determine if the device
10 1s sufticicntly engaged with the heart wall. In other words, the fixation of the device
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, Ifitis determined that the device 10 1s sufficiently
engaged with the heart wall, then the user may proceed to the second stage of
deplovment of the device 10 1 which the remainder of the device 10 is expelied from
the distal holding section 108, Otherwise, if the tug test fails and 1t is determuned that
the device 10 is not sufficiently engaged with the heart wall, the user may use the tether

to pull {retract) the device 10, including the tines or hooks 26, back into the distal

[
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holding section 108 to release the device 10 from the heart wall. The device 10 may

then be repositioned and the first stage of deployment repeated.

[0101] Returning to Figure 10B, the sccond stage of the deplovment of the device
10 may proximally retract the distal holding section 108, and thus the intermediate
tbular member 110, relative to the inner tubular member 116 to fully deploy the device
10. Once the chinician has determined that the position of the device 10 is satisfactory
and the fixation mechanism 24 is securely engaged with the heart tissue, the
mtermediate tubular member 110, including the distal holding section 108, of the
delivery device 100 can be proxamally retracted. To mitiate the second stage of the
deplovment, 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 hab 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
causc additional and unnecessary forces to be applied to the heart wall. Further, such
distal movement of the third hub portion 130 may move the imner tubular member 116
{and hence device 10) distally rather than proximally refracting 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 mechanisim 134 cngages
the distal end 181 of the groove 178, resulting in the handle assembly 120 configuration
shown in Figure 10D, Such actuation of the first and sccond hub portions 126, 128
may fully deploy the device 10 such that the device 10 is exterior of the distal holding

section 108 and engaged with the heart wall, as shown m Figure 10K,

{0162] As can be seen in Figure 10E, the device 10 may still be affixed to the
delivery device 100 through the tether 112, Once the chinician has venfied the position
of the device 10, the fixation of the device 10 and/or the electrical performance of the
device 10, the tether 112 may be removed. [ is contemplated that the fixation of the
device 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 onds until the opposite end has

passed through the opening 38 of the device 10 such that the device 10 1s free from the
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tether 112, In some mstances, the tether 112 may be affixed to a portion of the tether
cap 166 {c.g. creating a loop) such that the tether 112 must be cut to allow the device

10 to be freed from the tether 1172,

{0103] The materials that can be used for the various componenis of the delivery
devices, such as delivery device 100 (and/or other dehivery structures disclosed herein)
and the various members disclosed herein may include those commonly associated with
medical deviees. For stmplicity purposes, the following discussion makes reference the
delivery device 100 and components of thereof. However, this is not intended to unit
the devices and methods descnbed heren, as the discussion may be applied to other
stmilar delivery systems and/or components of delivery systems or devices disclosed

herein.

{0104] The delivery device 100 and/or other components of delivery system 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 hike, or
other suitable material.  Some examples of svitable polvmers may include
polytetrafluorocthylene  (PTFE}, cthvienc tetrafluoroethylene (ETFE), fluorinated
ethviene propylene (FEP), polvoxymethviene (POM, for example, DELRIN® available
from DuPont), polvether block ester, polvurcthane (for example, Polvurcthane 854),
polvpropylene (PP), polyvinvichloride (PVC) polyether-ester (for ecxample,
ARNITEL® available from DSM Engioncering Plastics), cther or ester based
copolvmers (for example, butviene/polvialkyviene ether) phthalate and/or other
polyester elastomers such as HYTREL® available from DuPont), polyvamide {for
example, DURETHAN® available from Bayer or CRISTAMID® available from EIf
Atochem), elastomernc polyamides, block polvamide/ethers, polvether block amide
(PEBA, for example available under the trade name PEBAX®), cthvlene vinyl acetate
copolymers (EVA}), silicones, polyethylene (PE), Marlex high-density polyethylene,
Marlex low-density polyethylene, hnear low density polvethylene (for example
REXELL®), polyester, polybutviene terephthalate (PBT), polyethylene terephthalate
(PET), polvtrimethylene  terephthalate, polyethvlene  naphthalate  (PEN),
polyetheretherketone (PEEK). polvimide (PI), polyetherimide (PEID), polyphenviene
sulfide (PPS), polyphenviene oxide (PPO), poly paraphenyiene terephthalamide (for
example, KEVLAR®), polysulfone, nylon, nylon-12 (such as GRILAMID® available

e
3
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from EMS American Grilon), perfluoro{propyl vinyl cther) (PFA), ethylene vinyl
alcohol, polyvolefin, polystyrene, epoxy, polyvinylidens chloride (PVA0), polv{styrene-
b-isobutvlene-f-styrene) (for cxample, SIBS and/or SIBS 350A), polvcarbonates,
ionomers, biocompatibie polymers, other suitable materials, or mixtures, combinations,
copolymers thereof, polymer/metal composites, and the hike. In some embodiments the
polymer can be bleaded with a liquud crystal polymer (LLCP). For exarmple, the mixture

can contain up to about 6 percent LLP.

{0105] Somc cxamples of suitable metals and metal alloys include stainless steel,
such as 304V, 3041, and 316LV stainless steel; mild steel; nickel-titanium allov such
as hinear-clastic and/or super-clastic mitinol; other nickel allovs such as mickel-
chromium-molybdenum alloys {(e.g., UNS: NU6625 such as INCONEL® 625, UNS:
N06022 such as HASTELLOY® C-22®, UNS: N10276 such as HASTELLOY®
{276®, 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-chromimm-molybdenum alloys {¢.g., UNS: R30035 such as MP35-
N® and the like), nickel-molybdenum allovs {eg., UNS: N10665 such as
HASTELLOY® ALLOY B2®), other mckel-chromium alloys, other mickel-
molvbdemum allovs, other nickel-cobalt allovs, other nickel-iron alloys, other mickel-
copper alloys, other nickel-tungsten or tungsien alloys, and the like; cobalt-chromium
alloys; cobalt-chromnum-molybdenum alloys {e.g., UNS: R30003 such as ELGILOY®),
PHYNOX®

=

and the hke); platinum enriched stainless steel; titanium; combinations

thereof, and the like; or any other suitable material.

{11 006] in at least some embodiments, portions or all of the delivery device 100
and/or other components of delivery systom may be doped with, made of, or otherwise
mchude a radiopaque material. Radiopagque materials are understood to be materials
capable of producing a relatively bright image on a fluoroscopy screen or another
imaging technigue during a medical procedure. This relatively bright image aids the
user of the dehivery device 100 in deternuning its location. Some examples of
radiopague materials can mnclude, but are not imited to, gold, platmum, palladinm,
tantalum, tangsten alloy, polymer material loaded with a radiopaque filler, and the like.
Additionally, other radiopague marker bands and/or cotls may also be incorporated into

the design of the delivery device 100 to achieve the same result.
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{0107] It should be understood that this disclosure is, in many respects, only
ilastrative. Changes may be made in details, particufarly 10 matters of shape, size, and
arrangement 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 ased in other embodiments. The mvention's scope 18, of course,

defined in the language in which the appended claims are expressed.
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CLAIMS

What is claimed 1s:

I. A delivery system for delivering an mplantable leadless pacing device,
the delivery svstem comprising:
a delivery device, the delivery device comprising:
a tubular member including a lumen extending from a proximal end to
3 distal end thercof, the tubslar member including a distal holding section
defining a cavity therein; and
a handle assembly;
an implantable leadless pacing device configured to be disposed within the
cavity of the distal holding section, the leadless pacing device comprising:
a housing having a proximal end and a distal end;
a fixation mechanism disposed adjacent the distal end; and
a tether retention feature disposed adjacent to the proximal end; and
a tether configured to releasably secure the implantable leadless pacing device
to the delivery device, the tether releasably coupled to the tether retention feature of the

leadless pacing device and extending 1o the handle assembly of the delivery device.

2. The delivery system of claim 1. wherein the tether has a tensile strength

m the range of 26.7 Newtons (N} to 89.0 N.

3. The delivery system of any one of claims 1-2, wherein the tether has a

tensile strength in the range of 356 N to 445 N.

4. The debivery system of any one of claims 1-3, wherein the tether has a

modulus of elasticity in the range of 96.5 gigapascals (GPa)to 131 GPa.

5. The delivery system of any one of claims 1-4, wherein the tether has a

coefficient of friction of less than 0.05.

b. The delivery system of any one of claims 1-5, wherein the tether

comprises a monofilament ultra-high-molecular-weight polyethylene (UHMWPE).

30
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7. The delivery system of any one of claims 1-5, wherein the tether

comprses a multifilament UHMWPE.

8. The debivery system of anv one of claims 1-5, wherem the tether

comprises a monofilament polyether ether ketone (PEEK).

9. The delivery system of any one of claims 1-5, wherein the tether

comprises a polvtetrafluorocthvlene (PTFE) coated mitinol wire or cable.

16.  The delivery system of any one of claims 1-3, wherein the tether

comprises an ethyiene tetrafluorocthviene (ETFE) coated nitinol wire or cable.

11, The delivery system of any one of claims 1-10, wherein the tether

retention feature 18 mcorporated with a docking member of the leadless pacing device.

12, The delivery system: of anv one or claims 1-11, wherein the tether is

configured to pass through an opening 1o the tether retention feature.

13, The delivery system of any one of claims 1-12, wherein the tether forms
a loop.
14, The delivery system of any one of claims 1-13, wherein a proximal end

of the tether is configured to be actuated to perform a fixation test on the leadless pacing

device.

15, 'The delivery system of any one of claims 1-14, wherein a proximal end

of the tether is secured to a cap i the handle assembly.
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