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prosthetic valve mounted in a radially compressed configuration around a distal portion of the shaft. The delivery apparatus further
includes an expansion assist device mounted on the shaft. The expansion assist device is independently radially expandable and com-
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PROSTHETIC VALVE DELIVERY ASSEMBLY

FIELD
1001} The present disclosure concerns embodiments of prosthetic valve delivery assemblies

and related methods.
BACKGROUND

(002} Endovascular delivery devices are used in various procedures to deliver prosthetic
medical devices or instruments to locations inside the body that are not readily accessible by
surgery or where access without surgery is desirable. Access to a target location inside the
body can be achieved by inserting and guiding the delivery device through a pathway or
tumen in the body, including, but not lumited to, a blood vessel, an esophagus, a trachea, any
portion of the gastromtestinal tract, a lymphatic vessel, to name a few. In one specific
example, a prosthetic heart valve can be mounted in a crimped state on the distal end of a
delivery device and advanced through the patient’s vasculature {e.g., through a fomoral artery
and the aorta) until the prosthetic valve reaches the implantation site in the heart. The
prosthetic valve is then expanded to its functional size, for example, by inflating a balloon on
which the prosthetic valve 1s mounted, or by deploying the prosthetic valve from a sheath of
the delivery device so that the prosthetic valve can self-expand to tts functional size. Despite
the recent advancements in percutancous valve technology, there remains a need for

mnproved systems and methods for delivery of such valves.
SUMMARY

(003} Disclosed herein are prosthetic valve deliverv assemblics and related methods, which
can be used to dehiver a prosthetic valve to a location within a body of a subject. In some
mmplementations, the prosthetic valve delivery asscmblies can be used to deliver a medical
device through the vasculature, such as to a heart of the subject.

[004] Certamn embodiments of the disclosure concern a prosthetic valve delivery assembly.
The assembly can include a delivery apparatus having a shaft and a prosthetic valve mounted
i a radially compressed configuration around a distal portion of the shaft. The delivery

apparatus can further include an expansion assist device mounted on the shaft. The
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expansion assist device can be independently radially expandable and compressible relative
to the prosthetic valve between a radially compressed state and a radially expanded state.
The prosthetic valve can be radially espandable by applying an axially directed force against
the prosthetic valve in a proximal or distal direction through contact between the prosthetic
valve and the cxpansion assist device when the expansion assist device 15 in the radially

gxpanded state.

10031 In some embodiments, the delivery apparatus can further include a valve-retaining

device releasably connected to the prosthetic valve.

1006] In some embodiments, the valve-retaining device can be positioned proximal to the
prosthetic valve, and the expansion assist device can be positioned distal to the prosthetic

valve.

(0071 In some embodiments, the valve-retaining device can include one or more radially

expandable support members releasably connected to a proximal end of the prosthetic valve.

1008} In some embodiments, the expansion assist device can inchide an inflatable balloon
mounted on the shaft. At least a portion of the balloon, when inflated, can have a diameter
that is larger than a diameter of the prosthetic valve when the prosthetic valve 1s radially

gxpanded.

[0091 In some embodiments, the expansion assist device can include one or more self-
expandable arms defining a diameter that is larger than a diameter of the prosthetic valve

when the prosthetic valve is radially expanded.

[010] In some embodiments, the delivery apparatus can include a cover sheath configured to
gxtend over the one or more self-expandable arms so as to stow the one or more self-

expandable armg 1 a compressed configuration.

(011} In some embodiments, the cover sheath can be axially moveable relative to the one or
more self-expandable arms such that moving the cover sheath distally relative to the arms
causcs at least a proximal portion of cach arm to extend outside the cover sheath and self-

expand to an expanded configuration.

]
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(0121 In some embodiments, when the expansion assist device is in the radially expanded
state, moving the expansion assist device proximally can cause the expansion assist device to
be urged against a distal end of the prosthetic valve to produce radial expansion of the

prosthetic valve.

[013] In some embodiments, the valve-retainmg device can be axially moveable relative to
the shaft. Moving the valve-retaiming device distally while the expansion assist device is in
the radially expanded state can push the prosthetic valve distally agaimst the cxpansion assist

device to produce radial expansion of the prosthetic valve.

1014} Certamn embodiments of the disclosure concern also concern a prosthetic valve
delivery assembly including a delivery apparatus having a shaft and a prosthetic valve
mounted in a radially compressed configuration around a distal portion of the shaft. The
delivery apparatus can also melude an expansion assist device mounted on the shaft, wheremn
the expansion assist device is unconunected to the prosthetic valve. Further, the expansion
assist device and the prosthetic valve can be axially moveable relative to each other. The
expansion assist device can be radially expandable and compressible between a radially
compressed state and a radially expanded state, and the prosthetic valve can be radially
cxpandable by applving an axially directed foree aganst the prosthetic valve in a proximal or
distal direction through contact between the prosthetic valve and the expansion assist device

when the expansion assist device is in the radially expanded state.

[015] In some embodiments, the expansion and compression of the expansion assist device

can be independent of the expansion and compression of the prosthetic valve.

[016] In some embodiments, the delivery apparatus can further include a valve-retaining

device releasably connected to the prosthetic valve.

10171 In some embodiments, the valve-retaining device can be positioned proximal to the
prosthetic valve, and the expansion assist device can be positioned distal to the prosthetic

valve.

[018] In some embodiments, the valve-retaining device can be positioned distal to the
prosthetic valve, and the expansion assist device can be positioned proximal to the prosthetic
valve.
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(0191 In some embodiments, the expansion assist device can include an inflatable balloon
mounted on the shaft. At least a portion of the balloon, when inflated, can have a diameter
that 13 larger than a diameter of the prosthetic valve when the prosthetic valve is radially

expanded.

[020] In some embodiments, the expansion assist device can mclude one or more self-
expandable armg. The self-expandable arms, when expanded, can define a diameter that is

larger than a diameter of the prosthetic valve when the prosthetic valve is radially expanded.

[021] In some embodiments, the expansion assist device can mclude a cover sheath
configured to extend over the one or more setf-expandable arms so as to stow the one or more

self-expandable arms in a compressed contiguration.

10221 In some embodiments, the cover sheath can be axially moveable relative to the one or
more sclf-expandable amms such that moving the cover sheath axiallv relative to the arms
causes at least a portion of cach of the arms to extend outside the cover sheath and self-

expand to an expanded configuration.

(023} Also disclosed herein are methods of expanding a prosthetic valve mounted in a
radially compressed configuration around a shaft of a delivery apparatus. The method can
mclode expanding an expansion assist device mounted on the shaft from a radially
compressed staie to a radially expanded state, and after expanding the expansion assist
device, applyving an axial force against the prosthetic valve in a proximal or distal direction
through contact between the prosthetic valve and the expanded expansion assist device,
thereby causing the prosthetic valve to radially expand from the radially compressed

configuration to a radially expanded configuration.

[024] In some embodiments, the expansion assist device can be mitially axially spaced from
the prosthetic valve. In certain embodiments, the method can further include the act of
bringing the expansion assist device into contact with the prosthetic valve after the act of
expanding the expansion assist device.

(025} In some embodiments, the act of bringing the expansion assist device into contact
with the prosthetic valve can mclude moving the prosthetic device axially toward the
expansion assist device.
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(0261 In some embodiments, the act of bringing the expansion assist device o confact
with the prosthetic valve can include moving the expansion assist device axially toward the

prosthetic device.

(027} In some cmbodiments, the expansion assist device can include an inflatable balloon.
In certain embodiments, the act of expanding the expansion assist device can include inflating

the inflatable balloon.

[028] In some embodiments, the expansion assist device can include one or more self-
expandable arms. In certain embodiments, the act of expanding the expansion assist device
can include deploving at least a portion of cach arm from a sheath so as to allow the portion
of cach arm to scif~expand.

10291 In some embodiments, the act of applying an axial force against the prosthetic valve
can include moving the expanded expansion assist device in a proximal direction against a
distal end of the prosthetic valve.

1030} In some embodiments, the act of applying an axial force against the prosthetic valve
can include moving a valve-retaining device connected to a proximal end of the prosthetic
valve in a distal divection against the expanded expansion assist device.

10311 The foregoing and other cbiects, features, and advantages of the invention will
become more apparent from the following detailed description, which proceeds with

reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
10321 FIG. 1 1s a perspective view of a prosthetic valve, according to one embodiment.
[033] FIG. 2A shows the frame of the prosthetic valve of FIG. 1 shown in a radially
corapressed contiguration.
1034] FIG. 2B shows the frame of the prosthetic valve of FIG. 1 shown i a partially

radially expanded configuration.
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(0351 FIG. 2C shows the frame of the prosthetic valve of FIG. 1 shown in a fully radially

expanded configuration.

1036] FIG. 3 shows a side elevation view of a prosthetic valve delivery assembly including
an inflatable balloon and a compressed prosthetic valve, according to one embodiment,
wherein the balloon is deflated and both the balloon and the prosthetic valve are retained

within an outer sheath.

[0371 FIG. 4 shows the prosthetic valve delivery assembly depicted m FIG. 3 after the

balloon and the prosthetic valve have been advanced from the outer sheath.

[038] FIG. 5 shows the prosthetic valve delivery assembly depicted m Fi(. 3 afier the

balloon has been inflated.

(0391 FIG. 6 shows the prosthetic valve delivery assembly depicted in FIG. 3 after the
mflated balloon is urged against the prosthetic valve, causing the prosthetic valve to radially

expand.

[040] FIG. 7 shows the prosthetic valve delivery assembly depicted m Fi(. 3 afier the

balloon is deflated following expansion of the prosthetic valve.

10411 FIG. 8 shows a side elevation view of & prosthetic valve delivery assembly including
an cxpansion assist device and a compressed prosthetic valve, according to another
embodiment, wherein the expansion assist device mcludes a plurality of self-expandable arms

stowed in a cover sheath.

[042] FIG. 9 shows the prosthetic valve delivery assembly depicted m FIG. 8 afler the

expansion assist device and the prosthetic valve have been advanced from the outer sheath.

10431 FIG. 10 shows the prosthetic valve delivery assembly depicted m FIG. R after the
expansion assist device is removed from an 1nner cover sheath and allowed to self-expand to
an expanded configuration.

[044] FIG. 11 shows the prosthetic valve delivery assembly depicted mn FIG. § afier the
gxpanded expansion assist device is urged against the prosthetic valve, causing the prosthetic

valve to radially expand.
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10431 FIG. 12 shows the prosthetic valve delivery assembly depicted 1o FIG. 8 with the
expansion assist device being recaptured by the cover sheath following expansion of the

prosthetic valve.
DETAILED DESCRIPTION

[046] Described herein are examples of prosthetic mmplant debivery assemblies and related
methods which can improve a physician’s ability to control the size of a mechanically-
expandable prosthetic implant, such as prosthetic valves {¢.g., prosthetic heart valves or
venous valves), stents, or grafts, as well as facilitate separation of the prosthetic implant from
the delivery assembly, during the implantation procedure. Prosthetic heart valves disclosed
herein can be umplanted within any of the native valves of the heart (the aortic, mitral,

tricuspid and pulmonary valves).

10471 Prosthetic valves disclosed hercin can be radially compressible and expandable
between a radially compressed configuration and a radially expanded configuration. Thus,
the prosthetic valves can be crimped on an implant delivery apparatus in the radially
compressed configuration during delivery, and then expanded to the radially expanded

configuration once the prosthetic valve reaches the implantation sifc.

10481 FIG. | shows an exemplary prosthetic valve 10, according to one embodiment. In
particular crabodiments, the prosthetic valve 10 can be implanted within the native aortic
annulus, although it also can be implanted at other locations in the heart, including within the
native mitral valve, the native pulmonary valve, and the native tricaspid valve. The
prosthetic valve 10 can include an anuular stent or frame 12 having a firstend 14 and 2
second end 16 o the depicted embodiments, the first end 14 is an mflow end and the second
end 16 1s an outflow end. In other embodiments, the first end 14 can be an outflow end and
the second end 16 can be the inflow end. The prosthetic valve 10 can also include a valvalar
structure 18 which is coupled to the frame 12 and configured to regulate the flow of blood
through the prosthetic valve 10 from the inflow end to the outflow end. The prosthetic valve
10 can further include a plurality of coupling members 26 mounted to and equally spaced

around the inner surface of the frame. Each of the coupling members 26 ¢an be configured to
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form a relcasable connection with a respective support member 130 of a delivery apparatus,

as further described below.

1049] The valvular structure 18 can include, for example, a leaflet assembly compusing one
or more leaflets 30 made of a flexible material. The leaflets 30 of the leaflet assembly can be
made from in whole or part, biclogical matenial, bio-compatible synthetic materials, or other
such materials. Suitable biological material can include, for exaraple, bovine pericardiom {or
pericardium from other sources). The leaflets 30 can be arranged to form commissures 32,
which can be, for example, mounted to respective coupling members 26. Further details
regarding transcatheter prosthetic heart valves, including the manner in which the valvular
struchire can be coupled o the frame 12 of the prosthetic valve 10, can be found, for
example, in U.S. Patent Nos. 6,730,118, 7,393,360, 7.510,575, 7,993,394, and 8,652,202, and
U.S. Patent Application Publication No. U.S. 2018/0325665.

10501 Although not shown, the prosthetic valve 10 can also include one or more skirts or
sealing members. For example, the prosthetic valve 10 can include an inner skirt mounted on
the inner surface of the frame. The inner skirt can function as a sealing member to prevent or
decrease perivalvular lkeakage, to anchor the leaflets 30 to the frame, and/or to protect the
leatlcts against damage causced by contact with the frame during crimping and during
working cycles of the prosthetic valve. The prosthetic valve 10 can also include an outer
skirt mounted on the outer surface of the frame 12, The outer skirt can function ag a sealing
member for the prosthetic valve by scaling against the tissuce of the native valve annulus and
helping to veduce paravalvular leakage past the prosthetic valve. The inmer and outer skirts
can be formed from any of various suitable biscompatible materials, including any of various

synthetic materials (e.g., PET) or natoral tissue {¢.g., pericardial tissue}.

[051] The prosthetic valve 10 can be radially compressible and expandable between a
radially compressed configuration and a radially expanded configuration. FIGS. 2A-2C show
the bare frame 12 of the prosthetic valve (without the leaflets and other components) for
purposes of illustrating expansion of the prosthetic valve from the radially compressed
configuration to the radially expanded configuration. FIG. 2A shows the frame 12 in the
radially compressed configuration, FIG. 2B shows the frame 12 in a partially expanded
configuration, and FIG. 2C shows the frame 12 in the fully radially expanded configuration.
-8 -
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The prosthetic valve 10 in the tllustrated configuration can be radially expanded by
maintaining the first end 14 of the frame 12 at a fixed position while applying a force (F) in
the axial direction against the second end 16 toward the first end 14, Altematively, the
prosthetic valve can be expanded by applyving an axial force against the first end 14 while
maintaining the second end 16 at a fixed position, or by applying opposing axial forces to the

first and second ends 14, 16, respectively.

(0521 The frame 12 can be made of any of various suitable materials, such as stainless steel
or a nickel titanium alloy ("WNiT1™), for example Nitinol. As shown, the frame 12 can include
a plurality of mterconnected struts 20 arranged 1n a lattice-type pattern. The struts 20 are
shown as positioned diagonally, or offset at an angle relative to, and radially offset from, a
longitudinal axis 22 of the prosthetic valve 10 when the prosthetic valve 10 is in the expanded
configuration. In other implementations, the struts 20 can be offset by a difterent amount
than depicted in FIGS. 2B and 2C, or some or all of the struts 20 can be positioned paraliel to

the longitudinal axis of the prosthetic valve 10.

053] In the dlustrated embodiment, the struts 20 are pivotably coupled to one ancther at
one or more pivot joints along the length of each strut. For example, in the illustrated
configuration, cach of the struts 20 can be formed with apertures at opposing ends of the strut
and apertures spaced along the length of the strut. Respective hinges can be formed at the
locations where struts 20 overlap each other via fasteners, such as rivets or pins 24 that
extend through the apertures. The hinges can allow the struts 20 to pivot relative 1o one
another as the frame 12 15 radially expanded or compressed, such as during assembly,

preparation, or implantation of the prosthetic valve 10.

[054] In some embodiments, the frame 12 can be constructed by forming individual
components {¢.g., the struts and fasteners of the frame) and then mechanically assembling
and connecting the individual components together. In other embodiments, the struts 20 arg
not coupled to each other with respective hinges but arc otherwise pivotable or bendable
relative to each other to permit radial expansion and contraction of the frame 12, For
example, the frame 12 can be formed (2.g., via laser cutting, electroforming or physical vapor
deposition} from a single piece of matenal (¢.g., a metal tube}. Further details regarding the
construction of the frame and the prosthetic valve are described in U.S. Patent Application
-0 .
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Publication Nos. U.S. 2018/0153689, U.S. 2018/0344456, and U.8. 2019/0060057, and U S.
Apphcation No. 62/799,678, filed January 31, 2019, Additional examples of expandable
prosthetic valves that can be used with the delivery apparatuses disclosed herein are

described 1n U.S. Publication Nos. 2015/0135506 and 2014/0296962 .

053] Exemplary systems and methods of using an expansion assist device to expand the
prosthetic valve 10 will now be described. The prosthetic valve 10 can be manipulated into a
radially compressed configuration (sce, ¢ g., FIGS. 3-5 and 8-10) and inserted via a delivery
apparatus into a patient for implantation. Once inside the body, the prosthetic valve 10 can
be manipulated mto a radially expanded configuration (sec, e.g., FIGS. 6-7 and 11-12} and

then released from the delivery apparatus inside the patient’s body.

[056] FIGS. 3-7 iHlustrate a prosthetic valve delivery assembly 100 and a related method of
expanding the prosthetic valve 10, according to one embodiment. As shown, the delivery
assembly 100 can include the prosthetic valve 10 and a delivery apparatus 101, The
prosthetic valve 10 can be mounted in a radially compressed configuration around a distal
end portion of the delivery apparatus 101 for insertion into a patient’s body. In some
embodiments, the prosthetic valve 10 can be oriented so that the outflow end 16 is positioned
proximally relative to the mflow end 14, In this orientation, the prosthetic valve 10 can be
advanced through the patient’s vasculatere in a retrograde approach {¢.g., through a femoral
artery and the aorta} to the heart for implantation at the native aortic valve. In other
embodiments, the prosthetic valve 10 can be oriented so that the inflow end 14 1s positioned
proximally relative to the outflow end 16, depending on the particular delivery approach used

and the implantation location for the prosthetic valve 10,

1057] The delivery apparatus 101 in the illustrated embodiment inchudes a first shaft 102, a
second shaft 104 extending co-axially over the first shaft 104, a third shaft 106 extending co-
axially over the second shaft 104, and a fourth shaft 108 extending co-axaally over the third
shaft 106. The first shaft 102 is the inncr-most shaft in the tllustrated embodiment and can be
referred to as the inner shaft of the delivery apparatus 101, Likewise, the fourth shaft 103 is
the outer-most shaft in the iHustrated embodiment and can be referved to as the cuter shaft or
outer sheath of the delivery apparatus 101, The shafis 102, 104, 106, and 108 can be axially
and/or rotationally moveable relative to cach other.

-10 -
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10581 The delivery apparatus 101 can include a nose cone 112 connected to a distal end of
the wmer shaft 102, A guide wire (not shown} can extend through a central lumen of the
mner shaft 102 and an inner lamen of the nose cone 112, so that the delivery apparatus 101

can be advanced over the guide wire inside the patient’s vasculature.

[059] The delivery apparatus 101 can include a handle 110 at a proximal end thereof. The
proximal ends of the shafts 102, 164, 106, and 108 can be coupled to the handle. During
delivery of the prosthetic valve 10, the bandle 110 can be mancuvered by a surgeon to
advance and retract the delivery apparatus 101 through the patient’s vasculature. In some
embodiments, the handle 110 can include a plurality of knobs or other actuating mechaniams
for controlling different components of the delivery agsembly 100 1n order to expand and/or
deploy the prosthetic valve 10. For example, the handle 110 can include one or more knobs
ot other actuating mechanisms, each configured to produce relative axial and/or rotational

movement of a selected shaft 102, 104, 106, or 108 relative to the others.

[060] As shown in FIG. 3, a distal end portion 1084 of the outer sheath 108 can extend over
the prosthetic valve 10 and contact the nose cone 112 1 the delivery configuration of the
delivery apparatas 101, Thus, the distal end portion 108d of the outer sheath 108 can serve as
a delivery capsule that contains or houses the prosthetic valve 10 1n the radially compressed
configuration for delivery through the patient’s vasculature. The outer sheath 108 and the
mnner shaft 102 can be configared to be axially moveable relative to each other such that
proximal movement of the outer sheath 108 relative to the mnner shaft 102 {or a distal
movement of the inmer shaft 102 relative to the outer sheath 108) can expose the prosthetic
valve 10 from the outer sheath 108, In alternative embodiments, the prosthetic valve 10 need
0ot be housed within the outer sheath 108 dunng delivery. As such, in some embodiments,

the delivery apparatus 101 does not include the outer sheath 108,

1061] The delivery apparatus 101 can further include an expansion assist device that can be

used to expand the prosthetic valve 10. The expansion assist device can be radially

expandable and compressible between a radially compressed state and a radially expanded

state. Further, the expansion and compression of the expansion assist device can be

mdependent of the expansion and compression of the prosthetic valve 10, The expansion

assist device desirably is unconnected to the prosthetic valve 10 to facilitate independent
-11-
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expansion of the expansion assist device relative to the prosthetic valve 10, As described
more fully below, the prosthetic valve 10 can be radially expanded by urging the prosthetic
valve 10 agaimst the expansion assist device in an axial direction when the expansion assist

device is in the radially expanded state.

[062] Inthe embodiment of FIGS. 3-7, the expansion assist device comprises an inflatable
balloon 114, The balloon 114 can be mounted on the distal end portion of the second shaft
104 proximal to the nose cone 112, Since the balloon 114 and the nose cone 112 are
connected to separate shatis, the nose cone 112 and the balloon 114 can be moved axially
relative to each other during the implantation procedure. In alternative embodiments, the
balloon 114 can be mounted on the distal end portion of the inner shaft 102, and the delivery

apparatus 101 need not include the shatt 104,

[063] The distal end portion 108d of the cuter sheath 108 can also extend over the balloon
114 1o the delivery configuration of the delivery apparatus 101, in the embodiment depicted
m FIG. 3, the radially compressed prosthetic valve 10 is mounted around the shaft 104 and
the balloon 114 is positioned distal to the prosthetic valve 10. As further shown i FIG. 3,
the radially compressed prosthetic valve 10 can be axally spaced from the adjacent end of

the halloon 114 when the delivery apparatus 101 1s in the delivery configuration.

[064] In other embodiments (not shown), the balloon 114 can be witially positioned inside
the radially compressed prosthetic valve 10 in the delivery configuration. In other words, the
prosthetic valve 10 can be imtially crimped around the balloon 114 during the dehivery.
Before deploying the prosthetic valve 10, the balloon 114 can be moved oat of the prosthetic
valve 10 so that the balloon 114 can be radially expanded independent of the prosthetic valve
10, as described more fully below. In still alternative embodiments, the balloon 114 can be
posttioned at a location along the second shaft 104 {or the immer shaft 102) such that the
radially compressed prosthetic valve 10 can be positioned distal to the balloon 114 in the

delivery configuration.

[065] The second shaft 104 can have an inflation tumen that is fluidly connectable to a
source of an inflation thod (e.g., a syringe), which can be coupled to the handle 110 of the

delivery apparatus 101, Thus, the balloon 114 can be inflated to an expanded state by

-12 -



WO 2020/092248 PCT/US2019/058359

mjecting a volume of thud {e.g., a liquid, such as salinc, or a gas) through the intlation lumen
mto the balloon 114, In addition, the balloon 114 can be deflated by withdrawing the fluid
from the balloon 114 through the inflation himen back into a reservoir of the source of the
mflation fluid.

[066] The delivery apparatus 101 can also include a valve-retaining device 116 that is
releasably connected to the prosthetic valve 10, In the depicted embodiment, the valve-
retaining device 116 is positioned proximal to the prosthetic valve 10, and the balloon 114 1s
positioned distal to the prosthetic valve 10. In the illustrated embodiment, the valve-retaining
device 116 can include one or more radially expandable support members 130 releasably

connected to the prosthetic valve 10

[067] In some embodiments, cach of the support members 130 can be releasably connected
to the prosthetic valve 10 via a plurality of coupling members 26 mounted on the frame 12 of
the prosthetic valve 10. The distal end portion of each support member 130 can be
configured to form a releasable attachment with a corresponding coupling member 26, For
example, in some implementations, the distal end portion of each support member 130 can be
screwed 1nto a threaded opening of a corresponding coupling member 26. After expansion of
the prosthetic valve 10 at the deployment site, the user can de-couple the support members
130 from the respective coupling members 26 {¢.g., unscrew the support members 130 from
the coupling members 26) or actuate one or more release members that cause the support
members 130 to de-couple from the coupling members 26. In some embodiments, the
coupling members 26 can further incorporate locking mechanismos that arc configured to
retain the prosthetic valve 10 in the radially expanded configuration. Further details
regarding the construction of mechanisms that can be used to form a reieasable connection
between the valve-retaining device 116 and the prosthetic valve 10 and locking mechanisms
arc disclosed in U.S. Patent Application Publication Nos, U.S. 2018/0153689, U &,
2018/0344456, and U.5. 2019/0060057, and U.S. Provisional Application No. 62/869 948,
filed July 2, 2019

[068] In some embodiments, at least a distal portion of the support members 130 can be

radially compressible and expandable. For example, during the delivery of the prosthetic

valve 10, the support members 130, which arc connected to the crimped prosthetic valve 10,
-1
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can be radially compressed and stowed within the distal end portion 108d of the outer sheath
108. Before expanding the prosthetic valve 10, the outer sheath 108 can be retracted from the
prosthetic valve 10 and the distal portions of the support members 130, When the prosthetic
valve 10 is expanded by urging it against the balloon 114, as described below, the distal
portions of the support members 130 can also expand radially so as to maintain thewr

connection with the expanded prosthetic valve 10,

(0691 In some embodiments, as illustrated in FIGS. 3-7, a proximal end of cach of the
support members 130 can be fixedly connecied to a hub 122, which can be coupled to the
distal end of the third shaft 106, which can function as a pusher member to push the
prosthetic valve 106 distally relative to the outer sheath 108 and the balloon 114 In
alternative embodiments, the support members 130 need not be connected to a common hub
122 and/or shaft 106. Instead, each of the support members 130 can extend proximally
through the sheath 108 to the handle 110 (in which case the shaft 106 and the hub 122 can be
excluded). Having cach support member 130 extend proximally to the handle 110 allows a
user to control movement {axial and/or rotational movement} of an individual support
member relative to the others. For example, in some implementations, each support member
130 can be rotated relative to the others, which can allow a user to unscrew and remove cach

support member trom its corresponding coupling member 26 on the prosthetic valve 10.

[070] When the balloon 114 is in the radially compressed state (see, e.g., FIG. 4), the largest
outer diameter of the balloon 114 can be smaller than or about the same as the cuter diameter
of the prosthetic valve 10 when it is in the radially compressed configuration. On the other
hand, when nflated, at least a portion of the balloon 114 can have an outer diameter that 1s
larger than the outer diameter of the prosthetic valve 10 when the prosthetic valve 10 s
radially expanded (see, ¢.g., FIG. 6). When the prosthetic valve 10 is urged against the
mflated balloon 114, the opposing axial forces against the distal and proximal ends 14, 16 of
the prosthetic valve 10 causes the prosthetic valve 10 to foreshorten axially and expand

radially.

[071] In the depicied embodiment, the balloon 114 and the prosthetic valve 10 can be

axially moveable relative to cach other. For example, as noted above, the second shaft 104

can be configured to be axially moveable relative to the shaft 106. Thus, after the balloon
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114 1s inflated, moving the sccond shaft 104 i the proximal direction pulls the balloon 114
proximally until the intlated balloon 114 contacts and urges against the distal end 14 of the

prosthetic valve 10 (see, ¢.g., FI(:. 6).

(072} In other embodiments (not shown), the balloon 114 can be fixedly coupled to the nose
cone 112, Thus, in such embodiments, the inflated balloon 114 can be moved proximally and
wreed against the prosthetic valve 10 by retracting the inner shaft 102 in the proximal

direction.

1073] Meanwhile, the proxamal end 16 of the prosthetic valve 10 can be held at a fixed
position relative to the surrcunding anatomy and the handle 110, This can be achieved, for
cxample, by applying a counter force against the proximal end of the shaft 106 so that the
shaft 106 and the valve-retaining device 116 remain in place relative to the surrounding
anatomy and the handle 110. In this manner, the prosthetic valve 10 is axdally compressed
and radial expanded by virtue of the opposed axial forces applied against the opposite ends of

the frame 12.

1074} Because the axial compression force is applied to both the proximal end 16 (by the
valve-retaining device 116) and the distal end 14 (by the mflated balloon 114) of the
prosthetic valve 10, the expansion mechanism described above 1s mechanically advantageous.
Specifically, mechanical work (W) applied to the prosthetic valve 10 1s the product of the
applied force {F) and the traveled distance (d), Le., W = F x d. Thus, otilizing the entire axial
length of the prosthetic valve 10 for axaal compression can result in minimal force required

for radial expansion of the prosthetic valve 10,

[075] In some embodiments, instead of moving the inflated balloon 114 proximally, the
prosthetic valve 10 can be moved distally until it contacts and is urged against the inflated
balloon 114, This can be achieved, for example, by moving the shaft 106 (and the hub 122
and valve-retaining device 116) in the distal direction relative to the shaft 104 and the balloon
114. By holding the inflated balloon 114 at a fixed location relative to the surrounding
anatomy and the handle 110 and moving the prosthetic valve 10 distally against the imflated
balloon 114, the prosthetic valve 10 can be compressed in the axial direction to cause radial

eXpansion.

1
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(0761 In other embodiments, both the inflated balloon 114 and the prosthetic valve 10 can
move axially relative to each other to produce radial expansion of the prosthetic valve 10,

For example, the mflated balloon 114 can be moved proximally relative to the shaft 106 and
the prosthetic valve 10 by retracting the shaft 104 in the proximal direction, and the prosthetic
valve 10 can be moved distally relative to the shaft 104 and the balloon 114 by pushing the
shaft 106 in the distal direction. As such, the prosthetic valve 10 can be radially expanded by

proximal movement of the balloon 114 and the distal movement of the prosthetic valve 10.

[077] Thus, the delivery apparatus 101 shown 1o FIGS. 3-7 provides a novel method of
mmplanting the prosthetic valve 10. As noted above, the prosthetic valve 10 can be mounted
in a radially compressed configuration along the distal end portion of the delivery apparatus
101, as shown in FIG. 3. The delivery apparatus 101 (along with the prosthetic valve 10) can
then be mserted into the patient’s vasculature and advanced to the target implantation site.
For example, if implanting the prosthetic valve within or adjacent the native aortie valve, the
delivery apparatus 101 {(along with the prosthetic valve 10) can be inserted into a femoral

artery, and then advanced through the femoral arterv, the aorta and into the heart.

10781 Afier advancing the prosthetic valve 10 to the target implantation site {e.g., within or
adjacent the native aortic valve), the sheath 108 can be retracted to expose the balioon 114
and the prosthetic valve 10, as shown i FIG. 4. The balloon 114 can then be mflated (FIG.
5} and then urged agaimst the prosthetic valve 10 to apply an axially directed force agaimnst
one end of the prosthetic valve 10 (FIG. 6), ¢ g, by moving the inflated balloon 114 axially
toward the prosthetic valve 10 and/or moving the prosthetic valve 10 axially toward the
mflated balloon 114, thereby radially expanded the prosthetic valve 10 into contact with

surrounding tissue (2.g., the native aortic valve).

[079] After the prosthetic valve 10 1s radiallv expanded, the prosthetic valve 10 can be
locked in the expanded configuration by applying a locking mechanism (not shown). One or
morg locking mechanisms, such as screws, ratchets, etc., can be employed to lock or retain
the prosthetic valve 10 in the radially cxpanded contiguration, as previously described in US.
Patent Application Publication Nos. U.S. 2018/01353689, 1.5, 2018/0344456, and 1§
2019/0060057, and U.S. Provisional Application No. 62/869,948.
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10801 Following valve expansion and locking, the balloon 114 can be deflated, as illustrated
m FIG. 7. The expanded prosthetic valve 10 can be discomnected from the valve-retaining
device 116, e.g., by actiating one or more release members that cause the support members
130 to de-couple from the respective coupling members 26, thereby releasing the support
members 130 from the prosthetic valve 10, Thus, the prosthetic valve 10 can be retained at
the target location, and the delivery apparatus 101 can be removed from the patient’s

vasculature.

[081] FIG. 8-12 llustrate another embodiment of a prosthetic valve delivery assembly 200
and a related method of expanding the prosthetic valve 10, As shown, the delivery assembly
200 mmcludes a delivery apparatus 201 and the prosthetic valve 10, The prosthetic valve 10
can be mounted 10 a radially compressed configuration around a distal end portion ot the
delivery apparatus 201 for insertion nto a patient’s body. In some embodiments, the
prosthetic valve 10 can be onented so that the outflow end 16 15 positioned proximally
relative to the nflow end 14 so that the prosthetic valve 10 can be advanced through the
patient’s vasculature n a retrograde approach {e.g., through a femoral artery and the aoria) to
the heart for implantation at the native aortic valve. In other embodiments, the prosthetic
valve 10 can be oriented so that the inflow end 14 is positioned proximally relative to the
outflow end 16, depending on the particular delivery approach used and the implantation

location for the prosthetic valve 10,

10821 The delivery apparatus 201 1 the tllustrated embodiment inchudes a first shaft 202, a
second shaft 204 extending co~-axially over the first shaft 204, a third shaft 206 extending co-
axially over the second shaft 204, and a fourth shaft 208 extending co-axially over the third
shaft 206. The first shaft 202 is the inner-most shafl in the ilustrated embodiment and can be
referred to as the inner shaft of the delivery apparatus 201, The fourth shaft 208 is the outer-
most shaft mn the illustrated embodiment and can be referred to as the outer shaft or outer
sheath of the debivery apparatus 201. The shafts 202, 204, 206, and 208 can be maally and/or
rotationally moveable relative to each other using one or more actuators or knobs on a handle
of the delivery apparatus, as described above in connection with debivery apparatus 101,
1083] The debivery apparatus 201 can include a nose cone 212 connected to a distal end of

the imer shaft 202. A guide wire (not shown} can extend through a central lumen of the
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moer shaft 202 and an tnner lumen of the nose cone 212, so that the delivery apparatus 201
can be advanced over the guide wire mmside the patient’s vasculature. The proximal ends of
the shafts 202, 204, 206, and 208 can be coupled to a handle (not shown), which can be
maneuverad by a surgeon to advance and retract the delivery apparatus 201 through the
patient’s vasculature and/or control different components of the dehivery assembly 200 in
order to expand and/or deploy the prosthetic valve 10, as described above in connection with

delivery apparatus 101,

[084] As shown in FIG. 8, a distal end portion 2084 of the outer sheath 208 can extend over
the crimped prosthetic valve 10 and contact the nose cone 212 in the delivery configuration
of the delivery apparatus 201, Thus, the distal end portion 208d of the outer sheath 208 can
serve as a delivery capsule that contains or houses the prosthetic valve 10 in the radially
compressed configuration for delivery through the patient’s vasculature. The outer sheath
208 and the mner shaft 202 can be configured to be axially moveable relative to each other
such that proximal movement of the cuter sheath 208 relative to the inner shaft 202 or a distal
movement of the inner shaft 202 relative to the outer sheath 208 can expose the prosthetic
valve 10 from the outer sheath 208. In alternative embodiments, the prosthetic valve 10 need
not be housed within the outer sheath 208 dunng delivery. As such, in some embodiments,

the delivery apparatus 201 does not include the outer sheath 208,

1083] The delivery apparatus 201 can further include an expansion assist device that can be
used to expand the prosthetic valve 10, The expansion assist device can be radially
expandablc and compressible between a radially compressed state and a radially expanded
state. Further, the expansion and compression of the expansion assist device can be
independent of the expansion and compression of the prosthetic valve 10. The expansion
assist device desirably is unconnected to the prosthetic valve to facilitate independent

expansion of the expansion assist device relative to the prosthetic valve.

10861 In the depicted embodiment, the expansion agsist device comprises a self-expandable
body 214 that is retained in a radially compressed state during delivery and can sclf-cxpand
to a radially expanded state when deployed from a sheath or other type of restraint that retains
the body 214 in the radially compressed state. The body 214 can be formed from a shape-
memory material, such as Nitinol. The body 214 in the illustrated embodiment comprises a
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central hub 216 and one or more self-expandable arms 218, The delivery apparatus 201 can
further include a cover sheath 224 configured to extend over the self-expandable arms 218 so
as to stow the sclf-expandable arms 218 in a compressed state during delivery (see, e.g.,
FIGS. 8-9). In particular embodiments, the body 214 comprises two self-expandable arms
218, although the bodv 214 can comprises three, four, five or more self-expandable arms 218

n alternative embodiments.

(0871 In the illustrated embodiment, the sheath 224 extends proximally from the nose cone
212, The sheath 224 can be formed integrally with the nose cone 212 or can be fixedly
secured to the proximal end of the nose cone 212, The nose cone 212 and the sheath 224
together form a distal tip portion that is secured to the distal end portion of the inner shaft
202, Thus, distal and proximal movement of the inner shaft 202 causes corresponding
movement of the distal tip portion. In other embodiments, the sheath 224 can be mounted on

a shaft separate from the nose cone 212 and can be moveable relative thereto.

[088] The body 214 of'the expansion assist device can be coupled to or carnied by the shaft
204 such that proximal and distal movement of the shaft 204 causes corresponding proximal
and distal movement of the body 214, For example, the hub 216 1 the dlustrated
embodiment is integrally formed with the distal end portion of the shaft 204, However, in
other embodiments, the hub 214 can be connected to a distal end of the shaft 204 or mounted
co-axially around a distal end portion of the shaft 204, Since the self-expandable body 214
and the nose cone 212 are connected to separate shafts, the cover sheath 224 (together with
the nose cone 212} and the self-expandable body 214 can be moved axially relative to cach

other during the implantation procedure.

[089] The distal end portion 208d of the outer sheath 208 can also extend over the cover
sheath 224 (which stows the self-expandable body 214} in the delivery configuration of the
debivery apparatus 201, In the embodiment depicted in FIG. §, the radially compressed
prosthetic valve 10 is mounted around the shaft 204 and the self-expandable body 214
{stowed within the cover sheath 224) 1s positioned distal to the prosthetic valve 10 n the
delivery configuration. As further shown in FIG. §, the radially compressed prosthetic valve
10 can be axially spaced from the adjacent end of the cover sheath 224 when the delivery
apparatus 201 is in the delivery configuration.
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(0901 In other embodiments {(not shown}, the prosthetic valve 10 can be initially crimped
around the cover sheath 224 {(which stows the self~expandabie body 214) during the delivery.
In such embodiments, before deploying the prosthetic valve 10, the cover sheath 224
{together with the stowed self-expandable body 214} can be moved out of the prosthetic valve
10 so that the self-cxpandable arms 2018 can self-expand independent of the prosthetic valve
10, as described more fully below. In still alternative embodiments, the self-espandable body
214 and the cover sheath 224 can be positioned at a location proximal to the crimped

prosthetic valve 10 in the delivery configuration.

[091] Similar to the debivery apparatus 101, the delivery apparatos 201 can melude a valve-
retaining device 216 that 1s positioned proximal to the prosthetic valve 10, In the depicted
cmbodiment, the valve-retaining device 216 can mclude one or more radially expandable
support members 230 releasably connected to the prosthetic valve 10, For example, the distal
end portion of each support member 230 can be configured to form a releasable attachment
with a corresponding coupling member 26 mounted on the frame of the prosthetic valve 10,
Similar to the support members 130, at least a distal portion of the support members 230 can

be radially compressible and expandable.

(092} In some embodiments, as llustrated in FIGS. 8-12, a proximal end of cach of the
support members 230 can be fixedly connected to a hub 222, which can be coupled to the
distal end portion of the third shaft 206, which can function as a pusher member to push the
prosthetic valve 10 distally relative to the outer sheath 208 and the cover sheath 224, In
alternative embodiments, the support members 230 need not be connected to a commmon hub
222 and/or shaft 206. Instead, cach of the support members 230 can extend proximally

through the sheath 208 to the handle (not shown) for the user to control,

(093] The self-expandable body 214 and the cover sheath 224 can be axially moveable
relative to each other. For example, as noted above, the second shaft 204 can be configured
to be axially moveable relative to the inner shaft 202. Thus, moving the second shaft 204 in
the proximal direction and/or moving the first shaft 202 in the distal direction can ¢xpose at
least the proximal end portions of the self-expandable arms 218 outside the cover sheath 224,
thereby allowing the exposed portions of the self-expandable arms 218 to radially self-expand
to an expanded state (sce, ¢.g. FIG. 10).
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(0941 In some embodiments, the outer diameter of the cover sheath 224 can be smaller than
or about the same as the outer diameter of the prosthetic valve 10 when 1t 1s in the radially
compressed configuration. On the other hand, when self-expanded outside of the cover
sheath 224, the expanded arms 213 can have an outer diameter that is larger than the ouler
diameter of the prosthetic valve 10 when the prosthetic valve 10 1s radially expanded (see,
g.g., FIG. 11}, Asshown in FIG. 11, in the iHlustrated embodiment, the proximal ends of the
arms 218 define an outer diameter that is greater than the diameter of the valve in the radially
expanded configuration. Thus, when the prosthetic valve 10 1s urged against the expanded
arms 218, the opposing axial forces against the distal and proxamal ends 14, 16 of the

prosthetic valve 10 causes the prosthetic valve 10 to foreshorten axially and expand radially.

093] In the depicted embodiment, the seif-cxpandable arms 218 and the prosthetic valve 10
can be axially moveable relative to each other. For example, after the arms 218 are
gxpanded, retracting the second shaft 204 i the proxamal direction relative to the shaft 206
can move the expanded arms 218 proximally relative to the prosthetic valve 10 so that they

contact and urge against the distal end 14 of the prosthetic valve 10

1096] Meanwhile, the proximal end 16 of the prosthetic valve 10 can be held at a fixed
posttion relative to the surrcunding anatomy and the handle, for example, by applying a
counter force against the proximal end of the shaft 206 so that the shaft 206 and the valve-
retaining device 216 retain m place relative to the surroanding anatomy and the handle.
Accordingly, the prosthetic valve 10 can be axially compressed to cause radial expansion by

virtue of the opposing axial forces at the opposite ends of the valve 10,

10971 In some embodiments, instead of moving the ¢xpanded arms 218 proximally, the
prosthetic valve 10 can be moved distally unti it contacts and 1s urged against the expanded
arme 218, This can be achieved, for example, by moving the shaft 206 (and the hub 222 and
valve-retaining device 216) in the distal direction relative to the shaft 204, By holding the
expanded arms 218 at a fixed location relative to the serrounding anatomy and moving the
prosthetic valve 10 distally agamst the expanded amms 218, the prosthetic valve 10 can be

compressed in the axial direction and radially expanded.
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10981  in other cmbodiments, both the expanded arms 218 and the prosthetic valve 10 can be
moved axially relative to each other to produce radial expansion of the prosthetic valve 10
For example, the expanded arms 218 can be moved prosamally relative to the prosthetic valve
10 by retracting the shaft 204 i the proximal direction, and the prosthetic valve 10 can be
moved distally relative to the cxpanded arms 218 by pushing the shaft 206 in the distal
direction. Ag such, the prosthetic valve 10 can be radially expanded by proximal movement

of the expanded arms 218 and distal movement of the prosthetic valve 10.

[0991 Ag previously described in connection with delivermg the valve 10 using the delivery
apparatus 101, after the prosthetic valve 10 s radially expanded, the prosthetic valve 10 can
be locked in the expanded configuration by actuating a locking mechanism {not shown}.
Following valve expansion and locking, the arms 218 and the prosthetic valve 10 can be
separated, for example, by pushing the second shaft 204 in the distal direction relative to the
shaft 206. Alternatively, the arms 218 and the prosthetic valve 10 can be separated by

retracting the shaft 206 in the proximal direction relative to the shaft 204.

[0100] Following valve expansion and locking, the expanded arms 218 can be recaptured
back into the cover sheath 224 {see, ¢.g., FIG. 12). For example, the cover sheath 224 can be
moved proximally relative to the arms 218 by retracting the inner shaft 202 m the proximal
direction while the self-expandable arms 218 are held 1n a fixed location relative to the
surrpunding anatomy and the handle by applyving a counter force to the proxamal end of the
second shaft 204, As such, the cover sheath 224 can shide over and recapiure the self-

expandablc arms 218,

[0101] In other embodiments, the expanded arms 218 can be inserted back into the cover
sheath 224 by pushing the sccond shaft 204 m the distal direction relative to the inmer shaft
202 and the cover sheath 224 while holding the inner shaft 202 and the cover sheath 224
fixed in location relative to the swrrounding anatomy and the handle. Altematively, the
expanded arms 218 can be recaptured by the cover sheath 224 by simultancously pushing the
second shaft 204 in the distal direction and pulling the inner shaft 202 m the proximal

direction.
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101021 Thus, the delivery apparatus 201 shown in FIGS. 8-12 provides another novel method
of implanting the prosthetic valve 10, As noted above, the prosthetic valve 10 can be
mounted in a radially compressed configuration along the distal end portion of the delivery
apparatus 201, The delivery apparatus 201 {along with the prosthetic valve 10} can be
mserted mto the patient and advanced through patient’s vasculature to the target implantation
site, as previously described. At or adjacent the implantation site, the outer sheath 208 can be
retracted to expose the prosthetic valve 10 and the inner cover sheath 224, as shown in FIG.
9. The self-expandable body 214 can then be deploved from the cover sheath 224 to allow
the arms 218 to self~expand, as shown in FIG. 10. Then the expanded arms 218 can be urged
against the prosthetic valve 10 to apply an maally directed force against one end of the
prosthetic valve 10 (FIG. 11}, e.g., by moving the expanded arms 218 axially toward the
prosthetic valve 10 and/or moving the prosthetic valve 10 axiallv toward the expanded arms

218, thereby radially expanded the prosthetic valve 10 mto contact with surrounding tissue.

10103] As noted above, after the prosthetic valve 10 is radially expanded, the prosthetic valve
10 can be locked in the expanded configuration. Then the self-expandable arms 218 can be
recaptured back into the cover sheath 224 (FIG. 12), and the expanded prosthetic valve 10
can be disconnected from the valve-retaining device 216, e.g., by actuating ong or more
rclease members that cause the support members 230 to de~couple from the respective
coupling members 26, thercby releasing the support members 230 from the prosthetic valve
10, Thus, the prosthetic valve 10 can be retained at the target location, and the delivery

apparatus 201 can be removed from the patient’s vascufature.

[0104] In the embodiments shown in FIGS. 3-12, the valve-retaiming device 130 or 23018
positicned proximal to the prosthetic valve 10, and the expansion assist device 114 or 214 15
positioned distal to the prosthetic valve 10, In other embodiments, the positions of the valve-
retaming device and the expansion assist device can be varied while the same prineiple can

be applied to expand the prosthetic valve 10

[0105] For cxample, in certain embodiments (not shown}, a valve-retaining device can be

positioned distal to the prosthetic valve, and an expansion assist device (e.g., an mflatable

balloon or one or more self-expandable arms stowed within a cover sheath) can be positioned

proximal to the prosthetic valve. The valve-retaining device can be releasably connected to
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the distal end of the prosthetic valve, and the expansion assist device can be radially
expanded (e.g., when self-expandable arms are used, the distal portions of the arms are
exposed outside the cover sheath and expand so that the expanded arms are adjacent to the
proximal end of the prosthetic valve). Thus, after expanding the expansion assist device,
pushing the expansion assist device distally relative to the prosthetic valve and/or retracting
the prosthetic valve proxamally relative to the expansion assist device can cause the
gxpansion assist device to urge against the proximal end of the prosthetic valve. In thig

mannet, the prosthetic valve can be axially compressed and radially expanded.

[0106] Yet in alternative embodiments (not shown), a valve-retaining device and an
expansion assist device can be positioned at the same side of the prosthetic valve, For
example, an expansion assist device can be positioned proximal to the prosthetic valve, and a
valve~retaming device can be positioned proximal to the expansion assist device. In other
words, the expansion assist device can be posttioned between the prosthetic valve and the
valve-retaining device. In certain embodiments, the valve-retaining device can have one or
more support members that bypass or extend through the expansion assist device and are
releasably connected to the prosthetic valve. Thus, after expanding the expansion assist
device, retracting the valve-retaining device in the proximal direction can move the prosthetic
valve proximally and cause the proximal end of the prosthetic valve to be urged against the
expanded expansion assist device. Accordingly, the prosthetic valve can be radially
gxpanded by holding the expansion assist device in a fixed location while retracting the
valve-retaining device in the proximal direction, or alternatively, by holding the valve-
retaiming device n a fixed location while pushing the expansion assist device in the distal
direction. The same principle can also apply when both the valve-retaining device and the

expansion assist device are positioned distal to the prosthetic valve.

General Considerations

10107) i should be understood that the disclosed embodiments can be adapted to deliver and
mmplant prosthetic devices in any of the native annuluses of the heart (¢ g, the pulmonary,
mitral, and tricuspid annuluses), and can be used with any of varnous delivery approaches

{¢.g., retrograde, antegrade, transseptal, transventricular, transatnal, etc)).
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[0108] For purposes of this description, certain aspects, advantages, and novel features of
the embodiments of this disclosure are described herein. The disclosed methods, apparatus,
and systems should not be construed as being limiting m any way. Instecad, the present
disclosure is directed toward all novel and noncbvious features and aspects of the varicus
disclosed embodiments, alone and in vartous combinations and sub-combinations with one
another. The methods, apparatus, and systems are not limited to any specific aspect or
feature or combination thereof, nor do the disclosed embodiments require that any one or
more specific advantages be present or problems be solved. The technologies from any
example can be combined with the technologies described n any one or more of the other
examples. In view of the many possible embodiments to which the principles of the
disclosed technology may be applied, it should be recognized that the iHlustrated
cmbodiments are only preferred examples and should not be taken as lmiting the scope of

the disclosed technology.

10109) Although the operations of some of the disclosed embodiments are deseribed ina
particular, sequential order for convement presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering 1s required by
specific language set forth below. For example, operationg described sequentially may in
some cases be rearranged or performed concurrently. Morcover, tor the sake of simphicity,
the attached figures may not show the various ways in which the disclosed methods can be
used in comunction with other methods. Additionally, the description sometimes uses terms
like “provide” or “achieve” to describe the disclosed methods. These terms are high-level
abstractions of the actual operations that are performed. The actual operations that
correspond to these terms may vary depending on the particular implementation and are

readily discernible by one of ordinary skill in the art.

[0110] As used herein, with reference to the prosthetic valve, the valve-retaining device, the
expansion assist device and other components of the delivery assembly, “proximal” refers to
a posttion, direction, or portion of a device that is closer to the handle of the delivery
assembly that is outside the paticnt, while “distal” refers to a position, direction, or portion of
a device that is further away from the handle. The terms “longitudinal” and “awal” refer to

an axis extending in the proxamal and distal dirgctions, unless otherwise expressly defined.
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(01111 Asused in this application and i the claims, the singular forms “a,” “an,” and “the”
melude the plural forms unless the context clearly dictates otherwise. Additionally, the term
“includes™ means “comprises.” Further, the terms “coupled™ and “connected” generally
mean electrically, electromagnetically, and/or physically {e.g., mechanically or chemically)
coupled or linked and docs not exclude the presence of miermediate clements between the

coupled or associated items absent specific contrary language.

[0112] Durections and other relative references {(¢.g., inner, outer, upper, lower, ¢tc.) may be
used to facilitate discussion of the drawimngs and principles herein, but are not intended to be
houting. For example, certam terms may be used such as “inside,” “outside,”, “top,”
“down,” “intenor,” “exterior,” and the like. Such terms are used, where applicable. to
provide some clarity of description when dealing with relative relationships, particulardy with
respect 1o the lustrated embodiments. Such terms are not, however, intended to imply
absolute relationships, positions, and/or orientations. For example, with respect to an object,
an “apper” part can become a “lower” part simply by turning the object over. Nevertheless, it
is still the same part and the object remains the same. As used herein, “and/or” means “and”

or “or,” as well ag “and” and “or”

[0113] In view of the many possible embodiments to which the principles of the disclosed
mvention may be applied, it should be recognized that the illustrated embodiments are only
preferred examples of the mvention and should not be taken as limiting the scope of the
myention. Rather, the scope of the mvention is defined by the following claims. We

therefore claim as our invention all that comes within the scope of these claims.
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I claim:

L. A prosthetic valve debivery assembly comprising:

a delivery apparatus comprising a shaft;

a prosthetic valve mounted 1o a radially compressed configuration around a distal
portion of the shaft; and

the delivery apparatus further comprising an expansion assist device mounted on the
shaft;

wherein the expansion assist device 1s independently radially expandable and
compressible relative to the prosthetic valve between a radially compressed state and a
radially expanded state;

wherein the prosthetic valve is radially expandable by applving an axially directed
force against the prosthetic valve in a proximal or distal direction through contact between
the prosthetic valve and the expansion agsist device when the expansion assist device is in the

radially expanded state.

2. The assembly of ¢laim 1, wherein the debivery apparatus further comprises a
valve-retaining device releasably connected to the prosthetic valve.

3. The assembly of claim 2, wherein the valve-retaiming device 1s positioned
proximal to the prosthetic valve, and the expansion assist device is positioned distal to the

prosthetic valve.

4. The assembly of any of claims 2-3, wherein the valve-retaining device
comprises one or more radially expandable support members relcasably connected to a

proximal end of the prosthetic valve.

5. The assembly of anv of claims 1-4, wherein the expansion assist device
comprises an inflatable balloon mounted on the shaft, wherein at least a portion of the
balloon, when inflated, has a diameter that is larger than a diameter of the prosthetic valve

when the prosthetic valve is radially expanded.
-7 -
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6, The assembly of any of claims 1-4, wherein the expansion assist device
comprises one or more sclf-expandable arms defining a diameter that is larger than a diameter
of the prosthetic valve when the prosthetic valve is radially expanded.

7. The assembly of claim 6, wherein the delivery apparatus comprises a cover
sheath configured to extend over the one or more self-expandable arms 50 as o stow the one

or more seif-expandable arms in a compressed configuration.

8. The assembly of claim 7, where the cover sheath 1s axially moveable relative
to the one or more self~cxpandable arms such that moving the cover sheath distally relative to
the arms causes at least a proximal portion of each arm to extend outside the cover sheath and

self-expand to an expanded configuration.

9. The assembly of any of claims 2-8, wherein when the expansion assist device
is in the radially expanded state, moving the expansion assist device proximally causes the
expansion assist device to be urged against a distal end of the prosthetic valve to produce

radial expansion of the prosthetic valve.

10, 'The assembly of any of claims 2-8, wherein the valve-retaining device is
axially moveable relative to the shaft, and moving the valve-retaining device distally while
the expansion assist device is in the radiallv expanded state pushes the prosthetic valve
distally against the expansion assist device to produce radial expansion of the prosthetic

valve.

1. A prosthetic valve delivery assembly comprising:

a debvery apparatus comprising a shaft;

a prosthetic valve mounted in a radially compressed configuration around a distal
portion of the shaft;

the delivery apparatus further comprising an expansion assist device mounted on the

shaft, the expansion assist device being unconnecied to the prosthetic valve;
-8 -
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wherein the expansion assist device and the prosthetic valve are axially moveable
relative to cach other;

wherein the expansion assist device is radially expandable and compressible between
a radially compregsed state and a radially expanded state;

wherein the prosthetic valve is radially expandable by applving an axially directed
force against the prosthetic valve in a proximal or distal direction through contact between
the prosthetic valve and the expansion agsist device when the expansion assist device is in the

radially expanded state.

12, The assembly of claim 11, wherein the expansion and compression of the
expansion assist device are independent of the expansion and compression of the prosthetic

valve.

13, 'the assembly of any of claims 11-12, wheremn the delivery apparatus further

comprises a valve-retaining device releasably connected to the prosthetic valve,

14, The assembly of claim 13, whergin the valve-retaining device is positioned
proximal to the prosthetic valve, and the expansion assist device is positioned distal to the

prosthetic valve.

15, 'the assembly of claim 13, wherein the valve-retaining device is positioned
distal o the prosthetic valve, and the expansion assist device is positioned proximal to the

prosthetic valve.

16.  The assembly of any of claims 11-13, wheremn the cxpansion assist device
coraprises an inflatable balloon mounted on the shaft, wherein at least a portion of the
balloon, when inflated, has a diameter that is larger than a diameter of the prosthetic valve

when the prosthetic valve is radially expanded.

17, The assembly of any of claims 11-15, wheremn the expansion assist device

comprises one or more self-expandable arms, wherein the self-expandable arms, when
-6 .
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expanded, defines a diameter that s larger than a diameter of the prosthetic valve when the

prosthetic valve is radially expanded.

18, The assembly of claim 17, wherein the expansion assist device comprises a
cover sheath configured to extend over the one or more self-expandable arms so as to stow

the one or more self-expandable arms in a compressed configuration.

19, 'The assembly of claim 18, where the cover sheath is axially moveable relative
to the one or more self-expandable arms such that moving the cover sheath axaally relative to
the arms causes at least a portion of each of the arms to extend cuiside the cover sheath and

self-cxpand to an expanded configuration.
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