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FIG. 1A

cing element to pace a patient's heart before, during, or after a procedure. The
pacing element may be a detachable, implanting pacing element. The pacing ele-
ment may be an implantable pacemaker and the implantable pacemaker may be
disposed on a catheter-based delivery system. The assembly may include a pros-
thetic heart valve with one or more pacing elements on it. The pacing element
may include a pacing strip or strips. These strips may be conductive or insulat-
ive. These strips may prevent, treat, or correct abnormal electrical communica-
tion in a heart.
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DELIVERY SYSTEM WITH PACING ELEMENT

BACKGROUND

{6061 Often patients have a problem with their heart beating at a regular and appropriate
pace. Many paticuts require a pacemaker or similar device to aid in pacing their heart. Further,
certain patients require heart valve repair or a prosthetic heart valve implant to help with related
or scparate problems from these pacing issucs. During medical procedures, such as a trans-
catheter aortic valve umplant {TAVE procedure, physicians may want to pace the heart. To other
instances physicians may desire to pace the patient’s heart following these or other procedures.

{0062] In some instances pacing of a patient’s heart roay be required after & previous
procedure, such as implanting a prosthetic heart vaive. Thus there is a need to help with pacing of
the heart during such repair or iraplant procedures as well as after such procedures. There 15 a
need to eliminate multiple procedures and to simplify the process. There s a need for a delivery
system or apparatus for delivering a biocompatible material and to prevent or correct pacing

problems.

BRIEF SUMMARY
13003} In accordance with some cmbodiments, a delivery system comprises a pacing
element. This pacing clerent may be disposed on the tip of the delivery system. This pacing
clement may also be disposed on a portion of a prosthesis, such as a prosthetic heart valve. This
pacing element may be wncluded on a portion of the frame as a sirip or a coating of highly
conductive matertal. This pacing clement may comprise an implantable pacemaker. This
implantable pacemaker may be disposed on a portion of a catheter-based dehivery system. The
implantable pacemaker may be configured to be attached to a portion of a patient’s heart, such as
a ventricle.
{3064} Some embodiments disclose a medical device delivery assembly, the assembly
comprising a catheter-based delivery system having an electrical pacing clement at a tip region of
the catheter-based delivery system. In some embodiments the delivery system is configured to
receive a biocompatible material,
{3065] In some embodiments the biocorpatible material comprises a prosthesis,
{0086] In some embodiments the prosthesis coraprises a prosthetic heart valve. In sorae

embodiments the pacing element comprises an implantable pacemaker,
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{3067} In some embodiments the implantable pacemaker is configured to pace the heart
during a procedure to implant the prosthetic heart valve. In some embodiments the iraplantable
pacemaker is configured to contact a ventricle of the heart.

{0068] In some cmbodiments the implantable pacemaker 1s configured to pace the heart
after a procedure to implant the prosthetic heart valve.

{0069 In some embodiments the electrical pacing clement is configured to pace the heart
during a heart valve repair procedure.

{6018} In some oembodiments the catheter-based delivery systemn further comprises a
fumen., In some embodivoents the pacing eclement s configured to permit a delivery system
element to pass thru the pacing element.

{6011} ln some ecmbodiments the pacing element coroprises an clectrode disposed
proximate an end of the delivery system. In some embodiments the electrode is configured to
receive and transmit clectric current and contact the heart to provide pacing for at least a portion
of time when the delivery system is present in the heart.

10012} Some embodiments mclude a method for providing a medical device and pacing a
heart, the method comprising introducing an assembly into a heart. In some embodiments the
assembly comprises a delivery system having proxamal and distal ends and includes an inner
sheath and an outer sheath, a biocompatible material disposed on the inner sheath in a collapsed
state and configured to expand to an expanded state. In some embodiments a pacing element can
be positioned proximate a tip region of the dehvery system.

{6613 In some cmbodiments the method comprises pacing the heart. In some
embodiments the method may 1oclade retracting the outer sheath, implanting the biocompatible
material, and removing the delivery system from the heart.

{6014 ln some embodiments the biocorapatible material comprises a prosthetic heart
vajve. In some embodiments pacing the heart comprises contacting a pacing clement inchiding an
clectrode to a wall of a ventricle before expanding the heart valve and providing electrical current
to the electrode. In some embodiments pacing the heart ends prior to removing the delivery
systera from the heart.

[6015] In some emboduments the method comprises detaching the pacing element from
the assembly and contacting the pacing eclement o a veniricle of the heart. In some embodiments

pacing the heart occurs after rerooving the delivery system from the heart.
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{8016} In some cmbodiments the prosthetic heart valve further comprises a valve
asscrnbly and a frame. In some embodirnents pacing the heart cormprises using the prosthetic
heart valve with a conductive portion of the frame such that the conductive portion paces the
heart.

{86171 In some cmbodiments the prosthetic heart valve further comprises a valve
asscrnbly and a frame. In some embodirnents pacing the heart cormprises using the prosthetic
heart valve with conductive portions of the frame such that the conductive portions pace the
heart.

{0015] In some embodiments the prosthetic heart valve further comprises an insulative
portion of the frame.

{6019} ln some ecmbodimenis pacing the heart further comprises contacting an
implantable pacemaker to a ventricle and providing clectrical current to the heart via the
implantable pacemaker. In some embodiments pacing the heart continues afier removing the
delivery system from the heart.

16824] In some cmbodiments the heart valve comprises a valve assembly, a frame, and a
pacing strip.

16021} In some embodiments the pacing strip comprises a conductive section attached to
the frame of the heart valve to improve electrical communication in the heart.

184224 In some embodiments the frame of the heart valve further comprises an insulated
section to imapede electrical communication o the heart.

{6023] In some embodiments the frame of the heart valve further comprises multiple
insulated sections or multiple conductive sections.

{80241 In some embodiments an assembly for introduction into a heart is disclosed, the
asserbly cowprising a delivery system having proximal and distal portions, a heart valve
configured to collapse and expand, and an implantable pacemaker.

{0025] In some embodiments the delivery systerm comprises an inner sheath and an outer
sheath. In some embodiments the inner sheath and outer sheath are configured to be retractable.
In some cmbodiments wherein the heart valve is disposed on the inner sheath in a collapsed state.
In some evobodiments wherein the implantable pacemaker is disposed on the distal portion of the
delivery system. In some embodiments the tmplantable pacemaker is configured to electrically

pace the heart during and afier iroplantation of the heart valve. In sorme embodiments the
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implantable pacemaker is configured to contact a ventricle of a heart and separate from the
delivery systern.
{6026} The embodiments and related concepts will be more fully understood from the

following detailed description of the emnbodimucnts thercof.

BRIEF DESCRIPTION OF THE FIGURES

{30271 Figures 1A-1E illustrate a delivery system in accordance with some embodiments;
{3028 Figures 2A-28 tllustrate a delivery system in accordance with some embodiments;
[6029] Figures 3A-3D illastrate a delivery system n accordance with some ernbodiroents;
{(038] Figures 4A-4C illustrate a delivery system in accordance with some embodiments;
and

18631} Figures 5-9 illustrate a prosthetic heart valve i accordance with some
embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

{0432] While the disclosure refers to  illustrative embodiments for particular

embodiments, it should be understood that the disclosure is not imited thereto. Modifications can
be made to the embodiments described herein without departing from the spirit and scope of the
present disclosure. Those skilled 1o the art with access to this disclosure will recognize additional
maodifications, embodiments, and embodiments within the scope of this disclosure and additional
fields, in which the disclosed examples could be applied. Therefore, the following detailed
description 1s not weant to be himiting, Further, it 18 understood that the apparatus and methods
described below can be implemented in many different embodiments of hardware. Any actual
hardware described is not meant to be linaiting. The operation and behavior of the apparatus and
methods presented are described with the understanding that modifications and variations of the
embodiments are possible.

R 1 3% s,

188334 References to “one embodiment,” “an embodiment,” “some embodiments,” “in

3

certain cmbodiments,” efc..., indicate that the cmbodiment described may include a particular
feature, structure, or characteristic, but cvery embodiment may not necessarily include the
particular foature, structure, or characteristic. Morcover, such phrases arc not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or characteristic

is described in connection with an embodiment, it is subrmitied that 1t 1s within the knowledge of
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one skilled in the art to affect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

{034} An apparatus is disclosed to help with pacing of a patient’s heart during or after a
procedure on the patient. Incorporating a pacing clement on to the delivery system simplifics the

process of pacing the heart during a procedure and eliminates the need for a second procedure in

[6035] Sometimes while the physician perforrs a valve repair or prosthetic heart valve
implantation, the physician may determine the need for addition pacing folowing the procedure.
fn some 1ostances the physician may implant a pacing elernent during the same procedure rather
than performing a second procedure to correct heart pacing problems. In other instances the
physician roay use a pacing element as a preventative measure. Using such a pacing cleroent may
be precautionary and prevent future heart pacing problems.

10036} In some embodiments a delivery systern 18 disclosed 1n which a TAVT s included
as well as a pacing eclement. This pacing eclement may be incorporated directly onto a
biocompatible material. Or this pacing clernent may be incorporated onto a sccondary clement
disposed on a delivery system. This pacing element can help with pacing of a patient's heart
betore, during, and after a procedure. In sorne embodiments the pacing clement may be an
implantable pacing element.

{30374 In some cmbodiments the pacing clement may be incorporated onto a
blocompatible moaterial iself. In some embodiments the biocorapatible material may coroprise a
prosthesis or a prosthetic heart valve. In some cmbodiments a prosthetic heart valve may
incorporate a highly conductive strip as part of the frame of the prosthetic heart valve frame.
{3038} This highly conductive strip or strips may facilitate communication near the
atrioveutricular {AV) node and may belp the heart to function vormally during or after
implantation of a prosthetic heart valve. In some embodiments the conductive strip is configured
to be posttioned proximate a native heart valve. In some embodiments the conductive strip may
be positioned proximate the sinoatrial node. The conductive strip may also facilitate
conurunication near & different node or portion of 4 patient’s heart. This strip may alternatively
improve communication to any portion of the heart. This can prevent the need for a pacemaker to
be mmplanted following the procedure with a biocompatible material or a prosthetic heart valve.
fn sorme cmbodiments the counductive strips may be comprised of a material with conductivity

greater than nitinol or steel. One example may be silver or silver alloy. In some embodiments the

-~ 5.
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conductive strips may be comprised of a biocompatible material. The conductive strip material
may be configured such that the prosthetic heart valve may be configured to seif-expand. The
conductive strip material may be comprised of a material with sufficient elasticity to prevent
chipping, cracking, or other problems when the material expands.

{30391 In some embodiments the conductive strips may create a new conductive pathway
that may allow the AV nede to function correctly atter the prosthetic heart valve s iraplanted.
This frame with conductive strips or portions may create a new conductive pathway for cardiac
conductive signals or prevent the current conductive pathways from being affected by a
biocompatible material, such a prosthetic heart valve. This may reduce the number of pacemake
implants required after treatment with a biocompatible material or prosthetic heart valve.

{6044 In some embodiments a portion of a prosthetic heart valve may wclude a coating.
This coating may be a conductive coating or an insulative coating. This coating may be an
alternative to a strip being attached to the frame of a prosthetic heart valve. In some embodiments
the prosthetic heart valve may inchude both a conductive coating and an insulative coding. The
insulative coating may prevent the prosthetic heart valve frame from ioterfering with the AV
node’s conductive pathway, and may it prevent the need to implant a pacemaker following
deployment of a prosthetic heart valve. The disclosed apparatus may be used for pacing on etther
side of the heart. For example the apparatus may be used for pacing of the right atrioventricular
valve or the left atrioventricular valve. It is contemplated that this apparatus can be used and
adapted for multiple arcas of the human heart, jncluding multiple valve areas. In some
embodiments the insulative strips may be comprised of a material with insulative propertics
greater than nitinol or steel. To some embodiments the msulative strips may be comprised of a
biocompatible material. In some embodiments the insulative strips may be configured so that the
prosthetic heart valve may be self-expanding. The insulative sirip material may be comprised of a
material with sufficient elasticity to prevent chipping, cracking, or other problems when the
rnaterial expands.

{3041} Coating the frame with conductive or insulative coatings may prevent disturbance
of the natural conductive pathways of the heart. Insulative coating of the frame may prevent
radial conduction of the frame disposed inside the heart. This will prevent wnterruptions o the
conductive pathways of the human heart.

{3042} In some embodiments the delivery sysiern comprises a delivery assembly. The

delivery assembly may comprise a catheter-based delivery system. This catheter-based delivery
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system may include an electrical pacing clement. In some embodiments the electrical pacing
clement may be disposed at a tip region of the catheter-based delivery systern. In some
embodimeunts the delivery system is configured to receive a biocompatible material. This
biocompatible material may be of many types. In sorme erobodiments this biocorapatible material
may be a material used for heart valve repair on ecither side of a buman heart. In some
embodiments this biocompatible material may comprise a prosthesis or a device. In some
embodiments this biocompatible material may comprise a prosthetic heart valve to be implanted
in a patient. In some embodiments this bioccompatible material may be another type of material to
be received 1u a patient.

180431 In some embodiments an clectrical pacing cloment is included as an element of
the delivery system. In some erobodiments the pacing element comprises an iroplantable
pacemaker. In some embodiments this implantable pacemaker is included as part of the delivery
system in & combined fashion. In some embodiments the pacing clement may include a portion of
a biocompatibie material and may be a prosthetic heart valve.

{0044} In some embeodiments the pacing element may be an electrode disposed proximate
the tip of the delivery system. This electrode may include a power source disposed on the
delivery systoem or may include a power source scparate from the delivery system. In some
embodiments the pacing element is configured fo pace the heart during or after a procedure on
the patient’s heart. This procedure may include a procedure to implant a prosthetic heart valve or
valve repair.

{6045] In some cmbodiments an implantable pacemaker is configured to attach to a
veutricle of the heart. In some embodiments the implavtable pacemaker may be configured to be
attached to a ventricle of the heart during the same procedure in which a prosthetic heart valve is
implavted in the patient. lo sorae embodiments the implantable pacemaker may be configured to
be attached to a ventricle of the heart during the same procedure as a heart valve repair.

{0046] In some cmbodiments the implantable pacemaker is configured to pace the heart
before, during, or after a procedure to implant a bioccompatible material, such as a prosthetic heart
valve. In some embodiments the fmplantable pacemaker 18 configured to pace the heart during
and after a procedure on the heart. This procedure on the heart may wnclude a valve repawr
procedure or a prosthetic heart valve implant procedure, among others.

{3047} In somwe embodiments the delivery systern may comprise a guide lumen. This

lumen may help t© guide a guide wire or other clements of the delivery system. In some
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embodiments the pacing element or a portion of the pacing element may comprise a lumen. In
some ermbodiments the tmplantable paceraker may include a lumen.

{048} In some embodiments the pacing element comprises an electrode. This electrode
may be disposed at any point along or on any portion of the delivery systern. In some
embodiments the electrode may be disposed proximate the tip of the delivery system. In some
embodiments this electrode may be disposed proximate the prosthetic heart valve disposed on the
delivery system. In some embodiments this electrode may be configured to receive and fransmit
clectric current. This clectrode may also be configured to contact the heart and to provide pacing
for some amount of tivae while the delivery system is present in the heart. In soroe embodiments
this clectrode may be configured to pace the heart after the delivery system has been removed
from the heart,

{(049] Some embodiments disclose a method for providing a medical device and pacing
a heart. This method may comprise introducing an assembly into a heart where the assermbly may
include a delivery system having a proximal and distal and. The assembly may also include an
inner sheath and an outer sheath, The assembly may alse nclude a biocompatible material
disposed on some portion of the delivery system. In some embodiments this biocompatible
rnaterial may be contfigured to collapse to a collapsed state and be configured to cxpand to an
expanded state. The assembly may also comprise a pacing element on some portion of the
delivery system. The pacing clement may be positioned proximate a tip region of the delivery
system,

{6058] The method may further include pacing the heart, retracting at least a portion of
the delivery system, performing the procedure, and removing the delivery system frovo the heart.
{3051 In some embodiments the procedure performed with the disclosed assembly or
apparatus may include a valve repair procedure or a prosthetic heart valve implant procedure or
another procedure. In some embodiments this method may include pacing the heart by contacting
a pacing clement such as an clectrode, to a wall of a heart ventricle. In some embodiments
contacting the pacing element to the ventricle may occur before expanding a prosthesis, such as a
prosthetic heart valve.

[6052] In some erobodiments pacing the heart may begin or occur prior to removing the
delivery system from the heart. The method may also comprise attaching the pacing clement to a
portion of the heart. And in soroe embodiments this detached pacing element way be configured

to pace the heart after the delivery system is removed from the heart.
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{3053} The pacing element may be disposed on part of a biocompatible material, such as
a prosthesis. This prosthesis may be a prosthetic heart valve, such that the pacing clement may be
a strip of conductive material attached to a portion of the prosthetic heart valve. The conductive
material may also be integrally ncorporated imto the framce of the prosthesis. In such
embodiments, the frame is molded or otherwise made such that the conductive material is
incorporated ioto the frame. In some embodiments the strip may be attached to the frame of the
prosthetic heart valve. To somie embodimeunts the prosthetic heart valve may include multiple
strips. These nultiple strips may include one or more conductive strips or one or more insulative
strips or both. In some embodiments this conductive portion or portions of a prosthetic heart
valve may pace the heart. This pacing may occur during a procedure or after the procedure has
ended. Tn some embodiments the frame of the prosthetic heart valve comprises an insulated
section or sections.

{0054] In some embodiments the prosthetic heart valve may comprise a coating rather
than a strip. This coating may function similarly to a strip in that a conductive portion of
prosthetic heart valve that 1s costed may improve pacing of a patient's heart.

{(055] The prosthetic heart valve may comprise a portion coated with an insulative
coating. The insulative coating may prevent interruption of clectrical comnuunication within the
heart.

18056 In some embodiments the disclosed assembly is configured to be introduced into a
heart. This asserably may comprise a delivery system baving a proximal and distal portion, a
prosthetic heart valve configured to collapse and expand, and an implantable pacemaker. The
delivery systero may also comprise an inner sheath and an outer sheath. o some embodiments
one or both of these sheaths is configured to be retractable. In some embodiments a prosthesis,
such as a prosthetic heart valve, is disposed on one of the sheaths in a collapsed state. In some
embodimeuts the prosthesis is disposed in one of the sheaths.

{0057} In some crobodiments an iraplantable pacemaker is disposed on a portion of the
delivery systern, such as the distal portion. In some embodiments an implantable pacemaker is
configured to clectrically pace the heart during and after a procedure on the heart. The
implantable pacemaker may be configured to contact or be attached to a veniricle of the heart.

This implantable pacemaker may also be separated from the delivery system via an actuator.
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{3058] In some embodiments the pacing element is configured to contact a portion of the
heart. In some embodiments the pacing clement 18 configured to be joined to portion of the heart.
In some embodiments the pacing element is configured to be attached to a portion of the heart.
[8659] Figure 1A shows an assembly in accordance with some embodiments. In some
embodiments the delivery system comprises catheter 160, In some embodiments catheter 100
may coraprise tip 110, capsule 120, 1oner sheath 140, or outer sheath 130, In some crabodiments
catheter 100 may nclude a pacing clernent 112, a lumen 114, attachment projection 116, barb
118, springs 117, or pins 115,

{3066} In some ernbodiments tip 110 may be disposed at the end of catheter 100, In some
embodiments tip 110 may be proximate capsule 120, In some embodiments capsule 120 may be
proximate nner sheath 140 or outer sheath 130, In some embodiments one sheath way be
proximate tip 110. In some embodiments tip 110 may taper from a larger cross-sectional arca to a
smaller cross-sectional arca. The tip roay be a pointed tip, a blunt tip, a cyhindrical tip, or any
other shape. In some embodiments the portion of the tip with a smaller cross-sectional area is
disposed distal the end of the tip adjacent capsule 120,

{6061} In some embodiments tip 110 comprises a pacing element 112, In some
cmbodiments pacing clement 112 18 contained withun tip 110, In some embodiments pacing
clement 112 is disposed on tip 110. In some embodiments pacing element 112 may be proximate
the narrowed portion of tip 110,

[6062] In some erobodiments a blocompatible material 200 18 disposed in a portion of
catheter 100. In some embodiments a biocompatible material 200 s disposed on capsule 120 or
avother element of catheter 100. In some embodiments a biocompatible material 200 is disposed
in capsule 120.

[6063] In some ermbodiments the biocompatible material 200 may coraprise a prosthetic
heart valve 300. The prosthetic heart valve 300 may comprise a valve assembly 310 and may
comprise a frame 320, In some embodiments the frame 320 may comprise multiple portions. In
some embodiments the frame 320 may comprise a conductive strip 322 or an insulative strip 324,
The frame 320 may alternatively comprise a conductive coated portion 326 or an insulative
coated portion 328, In soroe exobodiraents prosthetic heart valve 300 roay also coroprise a control
arm 330 and at least one commissure post 340,

{0064] Referencing Figure 1B, in sorne embodiments catheter 100 way cowaprise outer

sheath 130, inner sheath 140, capsule 120, and tip 110, In some cmbodiments tip 110 may
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comprise a pacing clement 112, In some embodiments tip 110 may also comprise a lumen 114,
This lumen may be configured so that one or roultiple elements of catheter 100 may pass through
it. In some embodiments guide wire 400 may be able to pass through the lumen 114, In some
cmbodiments lumen 114 1s in the conter of tip 110, In some erobodiments lumen 114 1s not in the
center of tip 110,

{8065 In some embodiments lurnen 114 18 concentric with a sheath of catheter 160, This
sheath may be either or both of inner sheath 140 or outer sheath 130, In sowe cwbodiments
fumen 114 may be wider than a guide wire 400. In some embeodiments tip 110 and the lumen 114
roay be wider than a sheath of catheter 100, In soroe erabodiraents the tip 100 and the fumen 114
may be narrower than a sheath of catheter 100,

{6066 In some embodiments lomen 114 may tapered from a larger cross-sectioval area to
a smaller cross-sectional arca. In some embodiments lumen 114 may run the entire length of tip
110, Alternatively, the lumen may run only a portion of the length of tip 110,

{3067} Now referring to Figure 1C, in some embodiments the lumen 114 may pot run
through the center of tip 110, In sorne embodiments the luroen 114 may be disposed on a portion
of tip 110. In some embodiments fumen 114 may be configured to receive a sheath of catheter
160, In some cmbodiments catheter 100 may inchude multiple lurmens 114,

{3068} In some embodiments the multiple lomens are configured to receive a guide wire
400. In some embodiments the lumen 114 is configured to pass a guide wire 400 through a side
of a sheath of catheter 100, In some embodiments the sheath may be outer sheath 130 or 1oner
sheath 140. In some embodiments when guide wire 400 is fed through lumen 114, the guide wire
400 voay pass through only a portion of the length of tip 100, In sowe embodiments pacing
clement 112 may comprise a fumen 114, In some embodiments the guide wire 400 is configured
to be passed through at least a portion of pacing element 112 via a luroen 114,

{6069] In some embodiments tip 110 comprises a recess or cut out. In some embodiments
this cut out will comprises a hole or an aperture. In some embodiments this cut out will permait
guide wire 400 to be fed out to the side of tip 110, as shown in Figure 1D, In some embodiments
this cut out or recess may be rectangular shaped, triangular shaped, or circular shaped. In some
embodimeunts the luroen 114 passes through the side of a pacing element 112, In soroe
embodiments the guide wire 400 18 configured to be passed through one or both of tip 110 and

pacing elewent 112, In some embodiroents tumen 114 may create a sloped portion of tip 110 or
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pacing element 112, as shown in Figure 1E. In some embodiments the lumen 114 may be
symmetric. In some embodiments the lomen 114 may be asyrmmetric,

{6078] In some embodiments pacing element 112 may comprise an implantable
pacemaker. Alternatively pacing element 112 may comprise an electrode. The pacing element
may have a power source disposed on catheter 100 or may be connected to a power source not
disposed on catheter 100, The power source may be outside the patient's heart 300,

{6071} ln some erobodiments pacing element 112 is configured to be detached from
catheter 100, In some embodiments pacing element 112 is configured to be detached from tip
110, In soroe erubodimuents pacing element 112 may be configured to pace the patient's heart 500
during a procedure. This procedure may include a heart valve repair procedure, implanting a
prosthetic heart valve, or another procedure on the heart.

{6672] In some embediments the pacing clement is configured to contact a portion of the
patient’s heart 560, The pacing clement may be configured to contact the ventricle 510, as shown
in Figure ZA. In some embodiments the pacing element 112 may be disposed at the narrowest
point of tip 110. In some cmbodiments pacing clement 112 may be disposed on tip 110, The
pacing element 112 may be disposed in tip 110,

{0073} In some crabodiments tip 110 may further comprise an attachraent projection 116,
Tip 110 may also comprise multiple attachment projections 116, In some embodiments these
attachment projections 116 may be configured to deliver an electrical signal or stimulation to the
patient's heart 500 or specifically the ventricle 510. In some ersbodireents the attachrucot
projections are configured to couple the pacing element 112 with the ventricle 510. In some
embodiments attachment projections 116 are configured to maimtain contact of pacing element
112 with patient's heart 500.

{6074} In some embodiments attachrment projections 116 may be substantially straight. In
some embodiments pacing attachmeunt projections 116 may be may comprise a straight and a
curved portion. In some cmbodiments attachment projections 116 may be curved. Attachment
projections 116 may be hook shaped.

{0075] In somc cmbodiments pacing clement 112 may comprise one, two, or 1more
attachment projections 116. In some embodiments attachroent projections 116 may extend away
from tip 110, In some embodiments attachment ejections |16 may protrude from an end of tip

110, In some embodiments this will be a tapered or narrowed end of tip 110,
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{3076} In some embediments pacing element 112 may comprise an umplantable
pacemaker. This implantable pacemaker may comprise Icads or it may be lcadless. In some
embodiments this implantable pacemaker may be small enough to be disposed on a catheter-
based delivery system. In some embodiments this pacemaker may be disposed in a ventricle of a
patient’s heart. In some embodiments this pacemaker may be a percutancous leadless pacing
system,

{6677} In some embodiments the pacing eleraent 112 or tip 110 may contact the ventricle
510 through a barb 118, as shown in Figure 2B. In some embodiments these barbs 118 may be
threaded along a portion thereof. ln some ermbodiments these barbs 118 roay be coilled, wound,
looped, twisted, or helical. In some embodiments these barbs 118 may be of varying lengths. In
sorne embodiments each of barbs 118 may be similar or different in length. In sorse
embodiments the diamcter of the coils of cach of the barbs 118 may be similar or different.

{0078] In some embodiments one barb 118 may include larger coils then another barb
HR, In some embodiments the barbs 118 may comprise threads. In some embodiments barbs 118
may be configured to be advanced from tip 110 into ventricle 510, In some embodiments barbs
118 may be configured to contact a portion of a patient's heart 500, In some embodiments barbs
118 may comprise multiple coils. In some embodirents barbs 118 may comprise wire or other
metal.

{3079 In some embodiments attachment projections 116 may comprise a metal, plastic,
polymer, or a biocompatible material. Io some embodimcnts attachment projections 116 way
comprise a coating. In some embodiments this coating may help prevent interruption of electrical
commuunication in patient’s heart 500,

1305G] In some embodiments barbs 118 may extend more than half their length into the
veniricle 510, In soroe embodiments barbs 118 may only extend a portion of their length jnto
ventricle 510,

{6681} In referring to Figure 3A, in some cmbodiments catheter 100 may comprise an
puter sheath 130, an inner sheath 140, a capsule 120, and tip 110. In some embodiments tip 110
may coraprise a pacing clement 112, In some embodiments pacing clement 112 may comprise a
barb 118, In some embodiments barb T1R may extend from the center of tip 110 or pacing
clement 112, In some embodiments barb 118 may extend from a tapered portion of tip 110, In
some embodiments tip 110 may be configured to be rotatable such that barb 118 may contact

ventricle 510 of patient's heart 500. In some embodiments actuating tip 110 or pacing clement
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112 may result in barb 118 being advanced further into ventricle 510, Actuating barb 118 may
also retract barb 118 from the ventricle 510. In some embodiments rotating tip 110 or pacing
clement 112 may result in bark 118 being advanced further into ventricle 510. Rotating barb 118
{3082} In some embodiments barb 118 may comprise multiple cotls or threads. In some
embodiments barb 118 1s configured to advance out of tip 110, This provides an advantage by
being able to extend barb 118 when tip 110 18 appropuiately positioned. This also provides the
advantage of preventing injury to a paticnt while the catheter 100 is being advanced to a
deployment site.

{3083 In referencing Figure 3B catheter 100 may inchude outer sheath 130, capsule 120,
and tip 110, In some embodiments tip 110 roay comprise a barb 11X or an electrode 119, Tn some
embodiments tip 110 may comprise multiple clectrodes 119. These clectrodes may be configured
to deliver electrical signals to a portion of the patient’s heart 500 or specifically to a ventricle 510.
In some embodiments these electrodes may be configured to receive electrical signals from a
power source disposed on catheter 100. In some embodiments these clectrodes may be
configured to recetve clectrical signals from a power source connected to catheter 100.

13084] In some crabodimacnts barb 118 may comprisce an electrode 119 and barb 118 may
be configured to be advanced from a portion of catheter of tip 110, In some embodiments pacing
element 112 may comprise barb 118 or electrode 119. In some embodiments barb 118 can be
threaded into ventricle 310 of patient’s heart 300, In some embodiments a first electrode disposed
on a barb 118 may be configured to provide a certain clectrical signal or cutput while a second
clectrode 119 may be configured to provide a differcut electrical signal or output.

130KS] In some embodiments attachment projection 116, barb 118, or electrode 119 are
configured to be advanced frovo tip 110 by actuating a separate portion of catheter 100. This
actuation may come from a sheath 130 outer, inner sheath 140, or another clement of catheter
100 such as a handle.

{3086} Referring to Figure 3C, in some embodiments barb 118 may be configured to be
contained within tip [0 temporarily. In some embodiments barb 118 may be configured to
constrain a portion of catheter 100, such as outer shaft 130, In some embodiments barb 118 way
be disposed around outer shaft 130, As shown in Figure 3C, barb 118 may be configured to hold
or constraim outer sheath 130 such that outer sheath 130 cannot move. Barb 118 may provide a

mechanisim to couple outer sheath 130 to tip 110.
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{30871 In some embodiments barb 118 is configured to be in an undeployed state and a
deployed state. In some cmbodiments the undeployed state includes barb 118 being as least
partially contained within this tip 110, In some embodiments barb 118 can be advanced out of tip
110 from the undeployed state to a deployed state. As shown in figure 3D, n the deployed state
barb 118 may at least partially not be contained by tip 110.

{60388 In some embodiments the barb 118 is configured to be advanced via outer sheath
138, inver sheath 148, a handle of catheter 100, or capsule 120, In some embodiments barb 118 is
advanced such that more than half of the length of barb 118 resides cutside of tip 110, In some
cmbodiments barb 118 s configured to be advanced from pacing element 112, In some
embodiments barb 118 may comprise multiple coils.

[6089] In some embodiments some of the multiple coils of barb 118 may be configured to
contact patient’s heart 5300, or more specifically a ventricle 510. In some embodiments after barb
11818 1n a deployed state, a sheath of catheter 100 1s less constraimed. In some embodiments afier
barb 118 ts in a deployed state the outer sheath 130 1s configured to be separated from tip 110 or
capsule 120. In some embodiments after barb 118 is advanced, capsule 120 15 configured to be
retracted or separated from tip 110

{0096] Referring to Figure 4A, in sorne ernbodirncnts pacing clement 112 18 contigured to
be an implantable pacemaker. In some embodiments catheter 100 comprises a sheath, a tip 110, a
pacing clement 112, and attachment projections 116, As shown in figure 44, catheter 100 may
comprise a threaded sheath portion. In some embodiments tip 110 is configured to be advanced
into a patient's heart 500 or ventricic 510, In some embodiments the tip 110 comprises
attachroent projections 116 or another attachroent means. In soroe embodiments attachment
projections 116 prevent tip 110 from separating from ventricle 510. In some embodiments when
attachment projections 116 are in contact with patient’s heart, attachment projections 116 prevent
rotation of tip 110 or pacing clement 112.

{8091} In some cmbodiments where catheter 100 comprises a threaded portion this
threaded portion may be configured to be received by tip 110, as shown in Figure 4A. In some
embodiments the threaded portion of g sheath may be configured to be attached to tip 110 such
that tip 110 1s detachable from the threaded sheath of catheter 100, In some embodiments after
attachment projections 116 are advanced into the patient’s heart 500, the tip 110 is configured to
be held in place and preveut rotation. In some embodiments after the paciog clewent 112 is

positioned in the ventricle 510, the threaded sheath of catheter 100 may be rotated. This rotation

-
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may permit the threaded sheath to be removed or separated from the tip 110, Thus tip 110 may be
attached or detachable from the rest of the catheter 100 systern and may remain attached to the
patient's heart 500. In some embodiments the multiple attachment projections 116 or other
attachment means may provide the advantage of proventing rotation of the tip 110 while the
sheath of catheter 100 is being rotated.

0092} In some embodiments catheter 100 may comprise a tip 110, a capsule 120, an
outer sheath 130, and an inner sheath 140, In some emwbodiments tip 110 may further comprise
springs 117 distal from the tapered portion of tip 110. In some embeodiments springs 117 may be
disposed adjacent outer sheath 138, In some embodiments outer sheath 130 way comprise pins
115, In some embodiments pins 115 are configured to be positioned adjacent springs 117, In
sorme ermnbodiraents pins 115 prevent tip 110 from detaching from outer sheath 130, In soroe
embodiments springs 117 actuate pins 115, In some embodiments inner sheath 140 prevents
springs 115 from being actuated by springs 117, In some ernbodimucnts the springs bias push pins
115 inward toward inner sheath 140 or outer sheath 130, which may be at least partially disposed
within a portion of tip 110 or pacing clernent 112,

{6693] In some embodiments inner sheath 140 is configured to be retracted. When nner
sheath 140 15 retracted pins 115 are configured to be actuated by springs 117 such that tip 110
can be detached from or separated from a sheath of catheter 100 such as outer sheath 130, In
some embodiments this detachment of tip 110 and a sheath of catheter 100 may occur after tip
110 or pacing element 112 is attached or contacted with a patient’s heart S00. Io soroe
embodiments tip 110 may only comprise one pin 115 and one spring 117. In some embodiments
outer sheath 130 may ounly coraprise one pin 115 and one spring 117, In other embodiments tip
110 or outer sheath 130 may comprise multiple pins 115 or multiple springs 117.

G094} In some embodiments an iroplantable pacemaker is configured to be disposed on a
portion of catheter 100. In some embodiments pacing element 112 is configured to be an
implantable pacemaker. This iraplantable pacemaker roay be configured to be an appropriate size
to be disposed on a catheter 100, This implantable pacemaker may be configured so that it can be
delivered by a catheter 100 through a blood vessel.

G095} ln sorne embodiments this implantable pacervaker will be appropriately sized to
fit the appropriate constraints of using a catheter-based delivery system. The implantable
pacemaker moay comprise a percutancous leadless pacing syster, a single chamber pacemaker, a

dual chamber pacemaker, a biveniricular pacemaker, or any other type. The implantable
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pacemaker may comprise zero, one, two, or more leads. The implantable pacemaker may
COMprise a power source or may be attached to a power source separate from the pacemaker.
{8396 In accordance with some embodiments of the invention, as illustrated in Figure 5,
a pacing clement 112 may be disposed on or be part of a prosthetic heart valve 300, In some
embodiments the prosthetic heart valve 300 may comprise a valve asserably 318, a frame 320, a
control arm 330, and at least one commuissure post 340,

{6097} In some embodiments the valve assembly 310 way comprise muliiple portions
stitched or otherwise attached to cach other. In some embodiments valve assembly 310 comprises
bovine, porcine, biocompatible, or biological material. In sowe embodiments frame 320
compriscs multiple clements. The frame 320 may constrain the valve assembly 310, In some
embodimeunts the frame or a portion thereof roay surround the valve assembly 310, In soroe
embodiments the frame 320 or a portion thereof may be swrounded by valve assembly 310, In
some cmbodiments frame 320 may further comprise attachment rings (not shown). In some
embodiments frame 320 may be made of a biocompatible material, such as a wire.

{0098 In some cmbodiments frame 320 may interact with a patient’s heart 500 such that
the electrical communications of the patient's heart can be interrupted. In some embodiments
frarae 320 is configured to prevent, alioviate, or correct sorne of these problems.

{3099 As illustrated in Figure 5, in some embodiments frame 320 comprises a
conductive strip 322. The frame 320 may comprise petals, sections, division, scgments, or
portions. A segment of frame 320 may comprise a conductive sirip 322, In some embodiments
the conductive strip may extend from onc end of one segment to the other end of the same
segment. In some embodiments the conductive strip 322 surrounds a portion of the frame 322. In
some cmbodiments the conductive strip extends from the end of the frame 320 distal the
comumissute post 340 to the other end of frame 320 proximate commussure post 340,

{GG100] In some cmbodiments frame 320 may further comprise an insulative sirip 324,
This 1nsulative strip 324 may help prevent mterference by the framae 320 with the patient's heart
500 after a prosthetic heart valve 300 is placed in the patient. In some embodiments multiple
portions of frame 320 may mclude insulative strips. Farther, multiple portions of frame 320 may
include conductive strips 322.

{60101} In some embodiments a conductive strip 322 may be may comprise gne segment
of frame 320 while and insulative sirip 324 way comprise a second segment of frame 320, In

some embodiments a conductive strip 322 may be positioned adjacent an insulative strip 324, In
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some embodiments frame 320 way comprise multiple conductive strips 322 and multiple
insulative strips 324, In some embodiments the multiple conductive strips 322 and multiple
insulative strips 324 may alternate or form a pattern. In some embodiments the insulative sirips
324 may be configured to provent the transnmussion of electrical energy to arcas outside the target
tissue or area. The insulative strips 324 may prevent unwanted interference with the clectrical
conmumunication of the heart.

160182} The conductive strips 322 can provide multiple benefits to the paticot while the
prosthetic heart valve 300 is present in the patient. The conductive strips 322 may correct pacing
problems present before a prosthetic heart valve 300 was placed in the patient. The conductive
strips 322 may correct pacing problems resulting from a prosthetic heart valve 300 being placed
in the patient.

{0183} In some embodiments conductive strip 322 may create an additional pathway to
facilitate clectrical communication in a patient’s heart 500, as llustrated 1 Figure 5. Thus the
conductive sirips may prevent or correct pacing problems within the patient's heart. In some
embodiments the conductive strips may comprise a portion of frame 320 that contacts a patient’s
heart 500. In some embodiments the conductive strips 322 are disposed on only a portion of a
segment of frarme 320,

{30164} As shown in Figure 6, conductive strips 322 may be disposed on portions of frame
320. In some embodiments conductive strips 322 cover more than onc segment of frame 320. In
sorne embodiments conductive strips 322 or msulative strips 324 roay be asymmetric. In some
embodiments conductive strips 322 may be a separate picce from frame 320.

{00165] In some cwbodiments conductive strip 322 extends and covers an opening
between the wires of frame 320. In some embodiments conductive strips 322 are wider than the
wires or elements that otherwise comprise frame 320, as shown in Figure 6.

{66186} In some embodiments conductive strip 322 may taper to a point. In some
cmbodiments the tapering of conductive strip 322 may follow the shape or outline of a segment
or portion of frame 328. In some embodiments conductive strip 322 may extend from one end of
a frame 322 to the other end of frame 322, as shown in Figure 6.

160187} In some erobodivoents conductive strips 322 may be vertical or horizontal. These
conductive strips may be of various shapes. The shapes of conductive strips 322 may even vary

on the saroe prosthetic heart valve 300, In some erobodiments the conductive strips 322 may
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cover only a portion of frame 320, While in other cases the conductive strips 322 may cover
multiple portions or every portion of frame 320,

{66188} In some embodiments conductive strips 322 comprise highly conductive
raterials. These conduct highly conductive materials may be any metal or other biocompatible
material.

100169] The same descriptions and characteristics described above regarding conductive
strips 322 may also apply to the wsulative sirips 324, Simtarly the same descriptions and
characteristics described above regarding conductive strips 322 may also apply to the msulative
strips 324.

186110} In some embodiments the nsulative strips 324 may alternate with the conductive
strips 322. In some embodiments frame 320 may comprise an asymmetic conductive strip 322 as
well as an asymunetric insulative strip 324. In some cmbodiments the total area of a conductive
strip 322 may be more or less than the total arca of an msulative strip 324, In sorme embodiments
a conductive strip 322 may be configured to substantially contact a portion of a patient’s heart
500, such as a native heart valve. In some crabodiments conductive strips 322 may be configured
to attach to a patient’s heart 500. In some embodiments conductive strips 322 may be joined to
portions of frame 320 by an adhesive, a clamp, welding, or any other means.

{80111} In some embodiments the conductive strips 322 may be integral with frame 320.
in some embodiments the insulative strips 324 may be integral with frame 320. In some
embodimeunts conductive strips 322 way be disposed ou one side or arca of frame 320, but not
another side or arca of frame 320. In some embodiments conductive strips 322 comprise multiple
portions of frame 320.

{80112} Referencing Figure 7, in some embodiments conductive strips 322 or insulative
strips 324 may be configured to be rectangular shaped. In some embodiments conductive strips
322 may be wider at the bottom than the top of the conductive strip. In some embodiments
conductive strips 322 may be any geometric shape, such as a rectangle. In some embodiments
conductive strips 322 may extend from one end of frame 320 toward another end of frame 320.
In some ersbodiments conductive strips 322 may or may not cxtend the entire length of frame
320.

{60113} In some embodiments one conductive strip 322 may not directly contact or may
not be adjacent to another condactive strip 322, In some embodiments a scction of exposed frame

320 is adjacent to conductive strip 322 or insulative strip 324. In some embodiments conductive
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strip 322 may be oriented to run vertically as shown in Figure 7. In some embodiments frame 320
has a distal and a proximal end, where the proximal ond is proxirnate a comuussure post 340, In
some embodiments conductive strip 322 extends from the distal end of frame 320 toward the
proximal end of frame 320.

{80114} In some cmbodiments conductive strip 322 has a constant width. In some
embodiments conductive strip 322 has a varying width, In some ermbodiments conductive strip
322 is narrower than a segment of frame 320. In some embodiments conductive strip 322 is
wider than a segment of frame 320. In some embodiments conductive strip 322 is wider than
roultiple segments of frawe 320. In soroe exobodiments conductive strip 322 is disposed on top of
frame 322 such that conductive strip 322 may contact a patient's heart 500 when prosthetic heart
valve 330 is placed v a patient.

{60115 As shown in Figure ¥, in some cmbodiments conductive strips 322 may be
disposed horizontally across frame 320, In some embodiments frame 320 may comprise nultple
conductive strips oriented in a horizontal direction as shown in Figure 8. In some embodiments
the width of a conductive strip 322 roay be less than or greater than the width of a segment of
frame 320.

{00116} A conductive strip 322 may extend all the way around frame 320, In some
embodiments conductive strip 322 may extend from the bottom or distal end of frame 320 to the
end proximate a commissure. In this configuration with a single conductive strip 322 cxtending
the full length of frame 320, the conductive strip 322 roay resembie a skirt.

{66117} In some embodiments conductive strip 322 is joined only at certain peints along
its length to frame 320, In some embodiraents conductive strip 322 is joined at every point along
its length to frame 320,

{60118} In some embodimaents an alternative to conductive sirips 322 mway be used with a
prosthetic heart valve 300. In some embodiments a coating may be used. In some embodiments a
conductive coating 326 may comprise a portion of frame 320. In some embodiments an
insulative coating 328 may comprise a portion of frame 320. In some embodiments a conductive
coating 326 or an insulative coating 328 may be applied to a segroent of frame 320

{60119} In some embodiments the portion of frame 320 comprising an conductive coating
326 may be asymmetric. In some embodiments the portion of frame 320 comprising an

conductive coating 326 way be symmetric. In some embodiments the portion of frame 320
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comprising an insulative coating 328 may be asymmetric. In some embodiments the portion of
frame 320 comprising an insulative coating 328 may be symmetric.

{60128} In some embodiments a portion of frame 320 comprising a conductive coating 326
is adjacent to another portion of frame 320 comprising an insulative coating 328. Multiple
portions of frame 320 may comprise a conductive coating 326. Similarly, multiple portions of
frame 320 may comprise an insulative coating 328, In some cmbodiments frame 320 may
comprise alternating conductive coating 326 portions and insulative coating 328 portions.

{66121} In some embodiments conductive coating 326 may be applied to the entire length
of frame 320. In some embodiments conductive coating 326 may be applied ounly to a portion of
the total length of frame 320.

{66122} Refernng now to Figure 9, in some ewbodimoenis the sarface arca of frame 320
that comprises a conductive coating 326 may be the same surface arca of frame 320 that
comprises an insulative coating 328, In some cmbodiments the conductive coating 326 may be
applied to at least a portion of frame 320 that contacts a patient’s heart 500. In some embodiments
the conductive coating 326 may be applicd to the frame 320 after the valve assernbly 310 and
frame 320 are coupled together. In some embodiments the conductive coating 326 may be
applied to the frame 320 before the valve assembly 310 and frame 320 are coupled together.
{80123} In some cmbodiments the conductive coating 326 helps prevent or correct
abnormal clectrical communication in a patient’s heart 500. In some embodiments the conductive
coating helps facilitate communication 1o the patient’s heart 500.

{66124} The foregoing description has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to lumut the precise embodiments disclosed. Any
discussion related to one element disclosed may also apply with equal force to any other element.
Other modifications and variations way be possible in hght of the above teachings. The
embodiments and examples were chosen and described in order to best explain the principles of
the embodiments and their practical application, and to thereby enable others skilled in the art to
best utilize the vartous embodiments with modifications as are suited to the particular use
conternplated. By applying knowledge within the skill of the art, others can readily modify and/or
adapt for various applications such specific embodiments, without undue experimentation,
without departing from the general concept. Therefore, such adaptations and modifications are
intended to be within the meaning and range of equivalents of the disclosed embodiments, based

on the teaching and guidance presented herein.
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WHAT ISCLAIMED I8
1. A medical device delivery assembly, the asserably comprising:
a catheter-based delivery system having
an clectrical pacing clement at a tip region of the catheter-based delivery system;

wherein the delivery system is configured to receive 8 bipcompatible material.

2. The assembly of claim 1, wherein the biocompatible matertal comprises a
prosthesis.
3. The assembly of claim 2, wherein the prosthesis comprises a prosthetic

heart valve, and wherein the pacing element comprises an implantable pacernaker.

4. The assembly of claim 3, wherein the implantable pacemaker s configared
to pace the heart during a procedure to tmplant the prosthetic heart valve, and wherein the

implantable pacemaker is configured to contact a ventricle of the heart.

5. The asscmbly of claira 4, wherein the implantable pacemaker is configured

to pace the heart after a procedure to implant the prosthetic heart valve.

6. The assembly of claim 1, wherein the electrical pacing element is

configured to pace the heart during a heart valve repair procedure.

7. The assembly of claim 1, wherein the catheter-based delivery system
further comprises a lumen, and wherein the pacing element is configured to permit a delivery

system element to pass thru the pacing clement.

8. The assembly of claira 2, wherein the pacing cleraent coraprises an
clectrode disposed proximate an end of the delivery systers, wherein the electrode is configured
to receive and transmit clectric current and contact the heart to provide pacing for at least a

portion of time wheu the delivery system is present 1o the heart.

9. A wmethod for providing a wedical device and pacing a heart, the roethod
comprising:

introducing an assembly into a heart, the assembly comprising:

a delivery system having proximal and distal ends and including an inner sheath

and an outer sheath,
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a biocompatible material disposed the inner sheath in a collapsed state and
configured to expand to an cxpanded state,

a pacing element positioned proximate a tip region of the delivery system,

pacing the heart,

retracting the outer sheath,

implanting the biocompatible material, and

removing the delivery systern from the heart.

10, The wethod of clairn 9, wheren the bliocompatible material comprises a
prosthetic heart valve, whercin pacing the heart comprises contacting a pacing clement including
an electrode to a wall of a ventricle before expanding the heart valve and providing electrical
current to the electrode, and wherein pacing the heart ends prior to removing the delivery system

from the heart,

1. The method of claim 9, further comprising detaching the pacing clement
from the assembly and contacting the pacing element to a ventricle of the heart, wherein pacing

the heart occurs after rermoving the delivery system from the heart.

12, The method of claim 9, wherein the prosthetic heart valve further
comprises a valve assembly and a frame, wherein pacing the heart comprises using the prosthetic
heart valve with a conductive portion of the frare such that the conductive portion paces the

heart.

13, The wethod of clairn 9, wherein the prosthetic heart valve further
comprises a valve assembly and a frame, wherein pacing the heart comprises using the prosthetic
heart valve with conductive portions of the frame such that the conductive portions pace the

heart.

14, The method of claimm 13, wherein the prosthetic heart valve further

compriscs an insulative portion of the frarac.

1S, The method of clair 9, wherein pacing the heart further comprises
contacting an implantable pacemaker to a ventricle and providing electrical current to the heart
via the implantable pacemaker, and wherein pacing the heart continucs after removing the

delivery system from the heart.
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16.  The assembly of claim 9, wherein the heart valve comprises a valve

assembly and a frame and a pacing strip.

17, The assembly of claim 16, wherein the pacing strip coraprises a conductive

section attached to the frame of the heart valve to improve electrical communication in the heart.

18, The assembly of claim 17 wherein the frame of the heart valve further

comprises an insulated section to irapede clectrical communication in the heart.

19, The assembly of claim 18, wherein the frame of the heart valve further

comprises multiple imsulated sections or multiple conductive sections.

20. An assembly for introduction 1uto a heart, the assembly comprising:

a delivery system having proximal and distal portions;

a heart valve configured to collapse and expand; and

an implantable pacemaker;

wherein the delivery system coraprises an inner sheath and an outer sheath;

wherein the inner sheath and outer sheath are configured to be retractable,

wherein the heart valve 1s disposed on the inuer sheath in g collapsed state,

wherein the implantable pacemaker is disposed on the distal portion of the
delivery system,

wherein the implantable pacemaker is configured to electrically pace the heart
during and after implantation of the heart valve,

wherein the implantable pacernaker is configured to contact a ventricle of a heart

and separate from the delivery system.
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