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PERCUTANEOUS MITRAL VALVE REPLACEMENT DEVICE

FIELD

[001] The present disclosure generally concerns prosthetic heart valves and devices
and related methods for implanting such a heart valve.

BACKGROUND

[002] The native heart valves (i.e., the aortic, pulmonary, tricuspid and mitral valves)
serve critical functions in assuring the forward flow of an adequate supply of blood
through the cardiovascular system. These heart valves can be rendered less effective by
congenital malformations, inflammatory processes, infectious conditions, or disease.
Such damage to the valves can result in serious cardiovascular compromise or death. For
many years the definitive treatment for such disorders was the surgical repair or
replacement of the valve during open heart surgery. However, such surgeries are highly
invasive and are prone to many complications. Therefore, elderly and frail patients with
defective heart valves often went untreated. More recently, transvascular techniques have
been developed for introducing and implanting prosthetic devices in a manner that is
much less invasive than open heart surgery. Such transvascular techniques have

increased in popularity due to their high success rates.

[003] A healthy heart has a generally conical shape that tapers to a lower apex. The
heart is four-chambered and comprises the left atrium, right atrium, left ventricle, and
right ventricle. The left and right sides of the heart are separated by a wall generally
referred to as the septum. The native mitral valve of the human heart connects the left
atrium to the left ventricle. The mitral valve has a very different anatomy than other
native heart valves. The mitral valve includes an annulus portion, which is an annular
portion of the native valve tissue surrounding the mitral valve orifice, and a pair of cusps
or leaflets extending downward from the annulus into the left ventricle. The mitral valve
annulus can form a "D" shaped, oval, or otherwise out-of-round cross-sectional shape
having major and minor axes. The anterior leaflet can be larger than the posterior leaflet,
forming a generally "C" shaped boundary between the abutting free edges of the leaflets

when they are closed together.
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[004]  When operating properly, the anterior leaflet and the posterior leaflet function
together as a one-way valve to allow blood to flow only from the left atrium to the left
ventricle. The left atrium receives oxygenated blood from the pulmonary veins. When
the muscles of the left atrium contract and the left ventricle dilates (also referred to as
“ventricular diastole” or “diastole”™), the oxygenated blood that is collected in the left
atrium flows into the left ventricle. When the muscles of the left atrium relax and the
muscles of the left ventricle contract (also referred to as “ventricular systole” or
“systole™), the increased blood pressure in the left ventricle urges the two leaflets
together, thereby closing the one-way mitral valve so that blood cannot flow back to the
left atrium and is instead expelled out of the left ventricle through the aortic valve. To
prevent the two leaflets from prolapsing under pressure and folding back through the
mitral annulus toward the left atrium, a plurality of fibrous cords called chordae

tendineae tether the leaflets to papillary muscles in the left ventricle.

[005] Mitral regurgitation occurs when the native mitral valve fails to close properly
and blood flows into the left atrium from the left ventricle during the systolic phase of
heart contraction. Mitral regurgitation is the most common form of valvular heart
disease. Mitral regurgitation has different causes, such as leaflet prolapse, dysfunctional
papillary muscles, and/or stretching of the mitral valve annulus resulting from dilation of
the left ventricle. Mitral regurgitation at a central portion of the leaflets can be referred to
as central jet mitral regurgitation, and mitral regurgitation nearer to one commissure (i.e.,
the location where the leaflets meet) of the leaflets can be referred to as eccentric jet

mitral regurgitation.

[006] In addition to mitral regurgitation, mitral narrowing or stenosis is most
frequently the result of rheumatic disease. While this has been virtually eliminated in

developed countries, it is still common where living standards are not as high.

[007]  Similar to complications of the mitral valve are complications of the aortic
valve, which controls the flow of blood from the left ventricle into the aorta. For

example, many older patients develop aortic valve stenosis.
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[008]  One method for treating valvular heart disease includes the use of a prosthetic
valve implanted within the native heart valve. These prosthetic valves can be implanted
using a variety of techniques, including various transcatheter techniques, in which a
prosthetic valve is mounted in a crimped or compressed state on the distal end portion of
a delivery catheter. The delivery catheter is then advanced through the patient’s
vasculature until the prosthetic valve reaches the implantation site. The valve at the
catheter tip is then expanded to its functional size at the site of the defective native valve
such as by inflating a balloon on which the valve is mounted. Alternatively, a self-
expanding prosthetic valve can be retained in a radially compressed state within a sheath
of a delivery catheter. After the distal end of the delivery catheter is advanced to the
implantation site, the prosthetic valve can be deployed from the sheath, which allows the

prosthetic valve to expand to its functional state.

[009]  Although prosthetic valves for implantation at the aortic valve are well-
developed, catheter-based prosthetic valves are not necessarily applicable to the mitral
valve due to the distinct differences between the aortic and mitral valves. For example,
the mitral valve has a complex subvalvular apparatus, i.e., chordae tendineae, which is
not present in the aortic valve. Additionally, the native mitral valve annulus typically
does not provide sufficient structure for anchoring and resisting migration of a prosthetic

valve.

[010] Inrecent years, significant efforts have been made in developing prosthetic
valves for implantation at the native mitral valve. However, these prosthetic valves can
require very difficult and accurate placement which, in turn, leads to unsuccessful or
undesirable placement or long procedural times. These constraints can adversely affect a
patient’s health both during and after the implantation procedure or even prevent some

patients from being able to undergo the procedure all together.

[011]  As such, there is a continuing need for improved prosthetic valves, as well as

methods for implanting such prosthetic valves.
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SUMMARY

[012]  Described herein are embodiments of prosthetic heart valves and components
thereof that are primarily intended to be implanted at one of the native mitral, aortic,
tricuspid, or pulmonary valve regions of a human heart, as well as methods for
implanting the same. These prosthetic heart valves can be used to help restore and/or
replace the functionality of a defective native heart valve. The prosthetic heart valves can
comprise projections which are configured to engage the tissue of the native heart valve

leaflets to position and secure the prosthetic heart valve in the native heart valve region.

[013] In one representative embodiment, a prosthetic valve assembly for replacing a
native heart valve comprises a radially expandable and compressible support structure,
the support structure comprising an annular frame having a lumen extending from an
inflow end to an outflow end, the support structure further comprising an annular sealing
member extending radially inwardly into the lumen of the frame and having an inner
peripheral portion defining an orifice, and a radially expandable and compressible valve
component, the valve component comprising an annular frame and a valve structure
supported inside of the frame for permitting the flow blood through the valve component
in one direction and blocking the flow of blood in the opposite direction, wherein the
valve component is configured to expand within the orifice of the sealing member and

engage the inner peripheral portion of the sealing member when radially expanded.

[014]  In some embodiments, the prosthetic valve assembly further comprises a
flexible, tubular connector connected at one end to the support structure and at another
end to the valve component, the connector permitting the valve assembly to transition
from a first, axially extended configuration wherein the valve component is outside of
the support structure and a second, axially contracted configuration wherein the valve
component is at least partially within the support structure. In some embodiments, the

sealing member comprises a fabric.

[015] In some embodiments, the support structure comprises a plurality of projections
secured to the outside of the frame of the support structure, the projections having first

ends secured to the frame of the support structure and second ends formed as barbs for
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engaging and penetrating tissue of the native heart valve. In some embodiments, the
frames of the support structure and the valve component are sized such that when the
valve component is expanded within the support structure, a radially and axially
extending gap is defined between the frames along the entire length of the valve

component.

[016] In some embodiments, there are no metal components connecting the frames to

each other. In some embodiments, the frames are connected to each other only by fabric.

[017] In some embodiments, the sealing member comprises a first end wall defining a
first orifice, a second wall axially spaced from the first end wall and defining a second
orifice, and a tubular, inner sleeve extending from the first orifice of the first end wall to
the second orifice of the second end wall, and wherein the valve component is
configured to be deployed within the inner sleeve. In some embodiments, each of the end
walls and the inner sleeve comprises fabric. In some embodiments, the sealing member
comprises an outer sleeve extending over the outer surface of the frame of the support

structure from the first end wall to the second end wall.

[018] In another representative embodiment, a prosthetic valve assembly for replacing
a native heart valve, comprises a radially expandable and compressible support structure,
the support structure comprising an annular frame having a lumen extending from an
inflow end to an outflow end, an annular sealing member extending radially inwardly
into the lumen of the frame and having an inner peripheral portion defining an orifice,
and a radially expandable and compressible tubular valve component coupled to the
sealing member inside of the support structure, the valve component comprising a
plurality of leaflets configured to permit the flow blood through the valve component in
one direction and block the flow of blood in the opposite direction, wherein the sealing
member comprises a first end wall defining a first orifice, a second wall axially spaced
from the first end wall and defining a second orifice, and a tubular, inner sleeve
extending from the first orifice of the first end wall to the second orifice of the second

end wall, and wherein the valve component is mounted inside of the inner sleeve.
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[019] In some embodiments, the valve component comprises an annular frame and the
leaflets are mounted inside of the frame of the valve component. In some embodiments,
the prosthetic valve assembly further comprises a flexible, tubular connector connected
at one end to the support structure and at another end to the valve component, the
connector permitting the valve assembly to transition from a first, axially extending
configuration wherein the valve component is outside of the support structure and a
second, axially contracted configuration wherein the valve component is at least partially

within the support structure.

[020]  In some embodiments, the support structure and the valve component define a
radially and axially extending gap between the frame, the support structure, and the valve
component along the entire length of the valve component when the support structure

and the valve component are expanded.

[021]  In some embodiments, there are no metal components connecting the frame of
the support structure to the valve component. In some embodiments, the frame of the

support structure and the valve component are connected to each other only by fabric.

[022] In another representative embodiment, a prosthetic valve assembly for replacing
a native heart valve comprises a radially expandable and compressible support
structure, the support structure comprising an annular frame having a lumen extending
from an inflow end to an outflow end, a blood-impermeable tubular sleeve disposed
inside of the frame of the support structure, the sleeve having a lumen extending from an
inflow end to an outflow end, wherein the inflow end of the sleeve is spaced radially
inward of the inflow end of the frame of the support structure, and a plurality of leaflets
supported inside of the sleeve and configured to permit blood to flow through the valve

assembly in one direction and block the flow of blood in the opposite direction.

[023] In some embodiments, the leaflets are stitched to the sleeve. In some
embodiments, the leaflets are supported inside of another annular frame that is disposed
within the sleeve. In some embodiments, the prosthetic valve assembly further comprises
first and second, axially spaced apart, blood-impermeable end walls, the first end wall

extending radially inwardly from the frame of the support structure and having an inner
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peripheral edge defining an orifice and secured to the inflow end of the sleeve, the
second end wall extending radially inwardly from the frame of the support structure and
having an inner peripheral edge defining an orifice and secured to the outflow end of the

sleeve.

[024]  The foregoing and other objects, 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

[025] FIG. 1 is a perspective view of a frame of a prosthetic heart valve, according to

one embodiment.

[026] FIG. 2 is a perspective view of an exemplary embodiment of a prosthetic heart

valve comprising the frame of FIG. 1.

[027] FIG. 3 is a perspective view of the prosthetic heart valve of FIG. 2 positioned

within a native mitral valve of a heart, which is shown in partial cross-section.

[028]  FIG. 4 is a perspective view of an exemplary embodiment of a delivery
apparatus delivering and positioning a prosthetic heart valve in a native mitral valve of a

heart, which is shown in partial cross-section.

[029] FIG. 5 is a side view of another exemplary embodiment of a prosthetic heart

valve.

[030] FIG. 6is a side view of an exemplary prosthetic valve, according to another

embodiment.

[031] FIG. 7 is a perspective view of a prosthetic valve assembly shown in a deployed

configuration, according to another embodiment.

[032] FIG. 8 is a top plan view of a prosthetic valve assembly shown in a deployed

configuration, according to another embodiment.

[033] FIG. 9is a perspective view of the prosthetic valve assembly of FIG. 8 shown in

an axially extended configuration, as viewed from the inflow end of the assembly.
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[034] FIG. 10 is a perspective view of the prosthetic valve assembly of FIG. 8 shown

in an axially extended configuration, as viewed from the outflow end of the assembly.

[035] FIG. 11 is a side view of the prosthetic valve assembly of FIG. 8 shown in an

axially extended configuration.

[036] FIG. 12 is a top plan view of the inner and outer frames of the prosthetic valve

assembly of FIG. 7.
[037] FIG. 13 is a perspective view of the inner and outer frames shown in FIG. 12.

[038]  FIGS. 14-17 are top plan views of different embodiments of sealing members

that can be incorporated in a prosthetic valve assembly.

[039] FIGS. 18-21 show an embodiment of a delivery apparatus in various stages of

deploying the prosthetic valve assembly of FIG. 8.

[040]  FIGS. 22-25 show the valve assembly of FIG. 8 being implanted in the native

mitral valve using the delivery apparatus shown in FIGS. 18-21.

[041] FIG. 26 is a perspective view of a prosthetic valve assembly as viewed from the

inflow end of the valve assembly, according to another embodiment.

[042]  FIG. 27 is a perspective view of the prosthetic valve assembly of FIG. 26, as

viewed from the outflow end of the valve assembly.

[043]  FIG. 28 is a perspective view of the support structure of the valve assembly of

FIG. 26, as viewed from the inflow end of the support structure.

[044]  FIG. 29 is a perspective view of the support structure of FIG. 28, as viewed

from the outflow end of the support structure.

[045] FIG. 30 is a top plan view of two frames that can be used in the valve

component and the support structure of the prosthetic valve assembly of FIG. 26.

[046]  FIGS. 31-33 show an embodiment of a delivery apparatus in various stages of

deploying the prosthetic valve assembly of FIG. 26.

[047]  FIG. 34 is a perspective view of a prosthetic valve assembly as viewed from the

inflow end of the valve assembly, according to another embodiment.
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[048]  FIG. 35 is a perspective view of the prosthetic valve assembly of FIG. 34, as

viewed from the outflow end of the valve assembly.

[049] FIG. 36 is a side view of a frame structure of a prosthetic valve, according to

another embodiment.
[050] FIG. 37 is a top plan view of the frame structure of FIG. 36.

[051] FIGS. 38-41 show an embodiment of a delivery apparatus in various stages of

deploying a prosthetic valve in a native mitral valve of a heart.
DETAILED DESCRIPTION

[052]  For purposes of this description, certain aspects, advantages, and novel features
of the embodiments of this disclosure are described herein. The disclosed methods,
apparatuses, and systems should not be construed as limiting in any way. Instead, the
present disclosure is directed toward all novel and nonobvious features and aspects of the
various disclosed embodiments, alone and in various combinations and sub-
combinations with one another. The methods, apparatuses, 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.

[053]  Although the operations of some of the disclosed methods are described in a
particular, sequential order for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering is
required by specific language. For example, operations described sequentially may in
some cases be rearranged or performed concurrently. Moreover, for the sake of
simplicity, the attached figures may not show the various ways in which the disclosed

methods can be used in conjunction with other methods.

[054]  As used herein, the terms “a”, “an” and “at least one” encompass one or more of
the specified element. That is, if two of a particular element are present, one of these
elements is also present and thus “an” element is present. The terms “a plurality of* and

“plural” mean two or more of the specified element.
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[055] As used herein, the term “and/or” used between the last two of a list of elements
means any one or more of the listed elements. For example, the phrase “A, B, and/or C”

means “A,” “B,” “C,” “Aand B,” “Aand C,” “B and C” or “A, B and C.”

[056]  As used herein, the term “coupled” generally means physically coupled or
linked and does not exclude the presence of intermediate elements between the coupled

items absent specific contrary language.

[057] Described herein are embodiments of prosthetic heart valves and components
thereof that are primarily intended to be implanted at one of the native mitral, aortic,
tricuspid, or pulmonary valve regions of a human heart, as well as methods for
implanting the same. The prosthetic valves can be configured to engage the tissue of the
native heart valve leaflets to position and secure the prosthetic heart valve in the native
heart valve region. These prosthetic heart valves can be used to help restore and/or

replace the functionality of a defective native heart valve.

[058] In particular embodiments, a prosthetic heart valve assembly can be configured
to be implanted at or adjacent to the native mitral valve and comprises a frame to which a
prosthetic valve structure is attached. The prosthetic heart valve assembly can be
delivered and implanted in a minimally invasive manner (e.g., transapical,
transventricular, transatrial, transseptal, etc.) within the left ventricle and/or the left

atrium.

[059] In particular embodiments, a frame of a prosthetic heart valve assembly
comprises a plurality of projections which extend radially outward from the prosthetic
heart valve assembly. The projections can be configured to engage and penetrate the
tissue of a native heart valve leaflet to secure and/or eliminate or decrease migration of a

prosthetic valve within the native valve region.

[060] In particular embodiments, the frame can comprise an atrial flange which can
assist in securing a prosthetic heart valve assembly within the native heart valve region
and/or eliminate or reduce paravalvular leakage (i.e., leakage around the prosthetic heart

valve after implantation).
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[061]  Referring first to FIG. 2, there is shown an exemplary embodiment of a
prosthetic heart valve 10. The prosthetic heart valve 10 can comprise a frame 12 and a
valve structure 14 supported by and/or within the frame 12. The valve structure 14 can
include a plurality of prosthetic leaflets 16 (three shown in the illustrated embodiment)
and/or other components for regulating the flow of blood in one direction through the
prosthetic heart valve 10. The valve structure 14 can be oriented within the frame 12
such that an upper end 18 of the valve structure 14 is an inflow end and a lower end 20
of the valve structure 14 is an outflow end. The valve structure 14 can comprise any of
various suitable materials, such as natural tissue (e.g., bovine pericardial tissue) or
synthetic materials. The prosthetic valve 10 can comprise an annular main body 15 that
supports the valve structure 14 and an atrial sealing member 17 extending from the atrial

end of the main body 15.

[062] It will be appreciated by those of ordinary skill in the art that the valve structure
14 can be mounted to the frame 12 using suitable techniques and mechanisms.
Additional details regarding components and assembly of prosthetic valves (including
techniques for mounting leaflets to the frame) are described, for example, in U.S. Patent
Application Publication Nos. 2009/0276040 Al, 2010/0217382 Al, and 2014/0222136
Al and U.S. Patent No. 8,449,599, which are each incorporated by reference herein.

[063] Referring now to FIG. 1, the frame 12 can comprise a tubular main body 22
and, optionally, an enlarged atrial flange 24 extending both radially outward and axially
upward from an atrial end 26 of the main body 22. The frame 12 is desirably covered
with a blood-impervious cover 32, as further described below. The atrial flange 24 of the
frame supports an upper portion of the cover 32, effectively forming the atrial sealing

member 17 of the prosthetic valve 10.

[064] The frame 12 can be configured in this manner, for example, by integrally
forming the main body 22 and/or the atrial flange 24 from a single piece of material. This
can be accomplished, for example, by laser cutting a tube or forming the frame 12 from a
wire mesh. In other embodiments, the frame 12 can be formed from separate pieces of
material which are fixedly secured or coupled together. The separate pieces can be

fixedly secured together, for example, by welding, soldering, fasteners, etc.
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[065] In an alternative embodiment, the frame 12 can be configured without an atrial
flange, as shown in FIG. 5. In another alternative embodiment, the main body 22 can
include an atrial flange portion 30 which extends radially outward from the atrial end 26

of the main body 22 and functions similarly to the atrial flange 24, as shown in FIG. 6.

[066] The prosthetic valve 10 can be radially collapsible and expandable between a
radially expanded state (FIGS. 1-6) and a radially compressed state (not shown) to
enable delivery and implantation at the mitral valve region of the heart (or within another
native heart valve). The frame 12 can be formed from a flexible, shape-memory material,
such as Nitinol, to enable self-expansion from the radially compressed state to the
radially expanded state, as further described below. In alternative embodiments, the
frame 12 can be plastically expandable from a radially compressed state to an expanded
state by an expansion device, such as an inflatable balloon. Such plastically expanding
frames can be formed from stainless steel, chromium alloys, and/or other suitable

materials.

[067] In the expanded state, the main body 22 of the frame 12 can form an open-
ended tube. The valve structure 14 can be coupled to an inner surface of the frame 12 and
can be retained within the lumen formed by the main body 22, as best shown in FIG. 2.
The main body 22 can have dimensions substantially similar to or slightly larger than
that of the mitral orifice, i.e., the inner surface of the mitral valve annulus 104, such that
the main body 22 can engage the inner surface of the mitral valve annulus 104 and native

leaflets 110, as further described below.

[068]  For example, in the nominal outer diameter of the main body 22 can be about 20
mm to about 55 mm. In some embodiments, the nominal outer diameter of the main body
22 can be about 25 mm to about 40 mm. In one particular embodiment, the nominal

outer diameter of the main body 22 is about 29 mm.

[069]  The main body 22 of the frame 12 can comprise a plurality of interconnected
angled struts 34, a plurality of tissue-engaging projections 36, and at least one
positioning member 38 (three in the illustrated embodiment). The projections 36 can be

connected to and extend from the struts 34 both radially outward and axially upward
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toward the atrial end 26 of the main body 22. The projections 36 can be distributed
circumferentially and axially on the main body 22 relative to each other. The positioning
members 38 can also be connected to the struts 34 and can extend axially downward

from a ventricular end 28 of the main body 22.

[070] For example, in the illustrated embodiment, the struts 34 are arranged in
circumferentially extending rows connected to each other to form a diamond lattice
pattern with the struts 34 intersecting at apices or junctions 40. The projections 36 and
positioning members 38 are connected to and each extend from the respective junctions
40 of the struts 34. In alternative embodiments, the struts 34 can be arranged in various
other patterns, and the projections 36 and the positioning members 38 can be connected

to the struts at various other positions and in various ways.

[071]  The projections 36 can be configured to engage or penetrate the tissue of the
native heart valve leaflets. For example, as shown in FIG. 3, the projections 36 can
penetrate into the native leaflets 110 (i.e., the native anterior leaflet 110a and the native
posterior leaflet 110b) as the projections extend radially outward from the main body 22

and axially upward toward the atrial end 26 of the main body 22.

[072]  Configuring the projections 36 in this manner can allow the hemodynamic
pressure to assist in the initial placement as well as retention of the prosthetic valve 10
within a native heart valve (e.g., a native mitral valve). For example, when the prosthetic
valve 10 is placed in the native mitral valve 102, the hemodynamic pressure during the
systolic phase of heart contraction causes the prosthetic valve 10 to move slightly
upwardly toward the left atrium 108, causing the projections 36 to penetrate the tissue of

the native leaflets 110, as best shown in FIG. 3.

[073]  Once the prosthetic valve 10 is initially placed within the native mitral valve
102, the axially upward angle of the projections 36 can help maintain the axial
positioning of the prosthetic valve 10 relative to the native leaflets 110. This is because
the hemodynamic pressure tends to force the prosthetic valve 10 toward the left atrium

108 (i.e. in the direction of shown by arrow 112) during systole, but the angled
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projections 36 resist this force by urging the projections 36 farther into the native leaflets

110 as the prosthetic valve 10 attempts to move toward the left atrium 108.

[074]  In some embodiments, the projections 36 can each include a hook or barb 42
disposed near the distal, free end of the respective projections 36, as best shown in FIG.
1. The barbs 42 can resist the projections 36 from being pulled out of the native leaflets
and/or resist the prosthetic valve 10 from moving toward the left ventricle 106 (i.e., in
the direction of shown by arrow 114) under the pressure gradient force of the blood

flowing from the left atrium into the left ventricle.

[075] In alternative embodiments, the projections 36 can be configured without the
barbs, as shown in FIG. 4. Configuring the projections 36 without the barbs can allow
the prosthetic valve 10 to be repositioned relatively more easily (i.e., compared to a valve
comprising projections with barbs) once the projections 36 initially penetrate the native

leaflets 110, as further described below.

[076]  The positioning members 38 can be configured to assist in the delivery and/or
positioning of the prosthetic valve 10 within a native heart valve. In the illustrated
embodiment, the positioning members 38 are loops or eyelets which can be used to
releasably connect the prosthetic valve 10 to a delivery apparatus, as further described

below.

[077]  As shown, the projections 36 and the positioning members 38 can be distributed
symmetrically on the main body 22, respectively. However, the projections 36 and the
positioning members 38 can be distributed asymmetrically on the main body 22,

respectively.

[078] In the expanded state, the atrial flange 24 can be generally frustoconical and
extend both radially outward and axially upward from the atrial end 26 of main body 22.
The atrial flange 24 be connected to the main body 22 by a plurality of connecting
members 44 (nine in the illustrated embodiment). As best shown in FIG. 2, the
connecting members 44 can be distributed circumferentially around the atrial flange 24
and can each be connected to a respective junction 40 at the atrial end 26 of the main

body 22.
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[079]  The atrial sealing member 17 can be sized and shaped to contact the atrial side
of the mitral valve annulus 104 and tissue of the left atrium 108 when the frame 12 is
implanted, as best shown in FIG. 3. The atrial sealing member 17 can also be sized such
that when the prosthetic valve 10 is implanted in the native mitral valve 102, the sealing
member 17 completely covers the opening between the native leaflets 110, as shown in
FIG. 3. The atrial sealing member 17 can comprise a generally circular, oval, or other
circumferential shape that generally corresponds to the native geometry of the left atrium
108 and the mitral valve annulus 104. The contact between the atrial sealing member 17
and the tissue of the left atrium 108 and the mitral valve annulus 104 can promote tissue
ingrowth with the cover 32, which can improve retention and reduce paravalvular
leakage. The atrial sealing member also ensures that all, or substantially all, of the blood

passes through the one-way valve as it flows from the left atrium to the left ventricle.

[080]  For example, the nominal outer diameter of the atrial sealing member 17 can be
about 35 mm to about 70 mm. In some embodiments, the nominal outer diameter of the
atrial sealing member 17 can be about 38 mm to about 60 mm. In one particular

embodiment, the nominal outer diameter of the atrial sealing member 17 is about 55 mm.

[081]  As shown in FIGS. 2-6, the blood-impervious cover 32 can be connected to the
inner and/or outer surfaces of the main body 22 and the atrial flange 24 to form at least
one layer or envelope covering the openings in the frame 12. It will be appreciated by
those of ordinary skill in the art that the cover 32 can be connected to the frame 12 in

various ways, such as by sutures.

[082]  The cover 32 can form a fluid-occluding and/or flange that can at least partially
block the flow of blood through and/or around the frame 12 to reduce paravalvular
leakage and can promote tissue ingrowth with the frame 12. The cover 32 can, for
example, provide a mounting surface, or scaffold, to which the portions of the valve
structure 14, such as the prosthetic leaflets 16, can be secured, as shown in FIG. 2.
Configuring the cover 32 in this manner can allow the prosthetic valve 10 to direct blood

to flow between the prosthetic leaflets 16.
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[083]  The cover 32 can comprise a semi-porous fabric that blocks blood flow but can
allow for tissue ingrowth. The cover 32 can comprise synthetic materials, such as
polyester material or a biocompatible polymer. One example of a polyester material is
polyethylene terephthalate (PET). Alternative materials can be used. For example, the
layer can comprise biological matter, such as natural tissue, pericardial tissue (e.g.,

bovine, porcine, or equine pericardium) or other biological tissue.

[084]  The prosthetic valve 10 can be delivered to a native heart valve with various
delivery apparatuses and delivery techniques (e.g., transventricular, transatrial,
transseptal, etc.). For example, FIG. 4 shows the prosthetic valve 10 being delivered to a
native mitral valve 102 with an exemplary embodiment of a delivery apparatus 200 using

a transventricular technique.

[085] The devices described herein (e.g., the prosthetic valve 10 and the delivery
apparatus 200) are described in the context of replacing or repairing a native mitral
valve. However, it should be understood that the devices can be used to replace or repair

the other native heart valves (i.e., the aortic, pulmonary, and tricuspid).

[086]  The delivery apparatus 200 can comprise an introducer 202, a guide wire shaft
204 having a nose cone 210 at a distal end thereof, a deliver catheter 205, and a plurality
of positioning cords or tethers 206 (two in the illustrated embodiment). The delivery
catheter 205, the guide wire shaft 204, and the positioning cords 206 can extend co-
axially through a lumen 208 of the introducer 202. The introducer 202, the delivery
catheter 205, the guide wire shaft 204, and the positioning cords 206 can each be axially

moveable relative to each other.

[087]  The delivery catheter 205 can be used to deliver the prosthetic valve 10 to the
native mitral valve in the radially compressed state. In some embodiments, the distal end
portion of the delivery catheter 205 can comprise a sheath that is used to retain the
prosthetic valve 10 in the radially compressed state (e.g., when the frame 12 is formed
from a self-expanding material such as Nitinol). Once the prosthetic valve 10 is disposed

in the native mitral valve 102, the sheath of the delivery catheter 204 can be retracted
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and/or the prosthetic valve 10 can be advanced distally from the sheath, allowing the

prosthetic valve 10 to radially self-expand to its functional configuration.

[088]  The positioning cords 206 can be formed from flexible material such as a wire
or suture. The distal ends 216 of the positioning cords 206 can be releasably connected to
the positioning members 38. The positioning cords 206 can be used to adjust the axial
positioning of the prosthetic valve 10, as further described below. In some embodiments,
the positioning cords 206 can also be used to retract the prosthetic valve 10 back into the

delivery catheter after the prosthetic valve has been initially deployed.

[089]  When using the delivery apparatus 200 to deliver the prosthetic valve 10
transventricularly, the introducer 202 can be inserted through a surgical opening formed
in the patient’s chest and in the wall of the left ventricular 106 (e.g., at the bare spot on
the lower anterior ventricle wall of heart 100 (FIG. 4)) until the distal end 212 of the

introducer 202 resides in the left ventricle 106, as shown in FIG. 4.

[090] The positioning of the delivery apparatus 200 and the prosthetic valve 10 can be
confirmed visually using imaging modalities such as fluoroscopy, X-ray, CT or MR
imaging. Echocardiography in either 2D or 3D can also be used to help guide the
positioning of the delivery apparatus 200 and the prosthetic valve 10.

[091]  Although not shown, a standard purse string suture can be used to hold the
introducer 202 in place against the heart 100 and prevent blood leakage around the
introducer 202, as well as seal the opening in the heart 100 upon removal of the
introducer 202. The introducer 202 can include an internal sealing mechanism (e.g.,

hemostasis seal) to prevent blood leakage through the lumen 208 of introducer 202.

[092]  With the prosthetic valve 10 in the radially compressed state within the delivery
catheter 205 and releasably attached to the positioning cords 206, the delivery catheter
204 can then be inserted into the patient’s heart 100. This is accomplished by advancing
the delivery catheter 205 (i.e., in the direction shown by arrow 112) through the lumen
208 of the introducer 202, through the left ventricle 106, and into the native mitral valve
102 and/or left atrium 108. The prosthetic valve 10 can be positioned relative the native

mitral valve 102 such that the atrial sealing member 17 is in the left atrium 108, beyond
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the mitral valve annulus 104. The prosthetic valve 10 can then be radially expanded into
its functional configuration, such as by deploying the prosthetic valve 10 from the

delivery catheter 205.

[093] Expansion of the prosthetic valve 10 causes the projections 36 to engage the
native leaflets 110. In some embodiments, the expansion force of the prosthetic valve 10
in conjunction with the hemodynamic pressure that urges the prosthetic valve 10
upwardly toward the left atrium 108 causes the projections 36 to penetrate the native
leaflets 110, thereby securing the prosthetic valve 10 in place. In certain embodiments,
the radial expansion of the prosthetic valve is sufficient to cause the projections to

penetrate the native leaflets.

[094]  Once the projections 36 engage the native leaflets 110 and the prosthetic valve
10 is desirably positioned within the native mitral valve 102, the positioning cords 206
can be detached from the positioning members 38 and retracted through the lumen 208

of the introducer 202, and the delivery catheter 205 can be retracted as well.

[095] If, however, the prosthetic valve 10 is initially undesirably positioned when the
projections 36 engage the native leaflets 110, the positioning cords 206 can be used to
retract the projections 36 from the native leaflets 110 and to reposition the prosthetic
valve 10 as desired. For example, FIG. 4 shows the prosthetic valve 10 undesirably
positioned. As shown, the prosthetic valve 10 is, for example, axially positioned too far
into the left atrium 108. This positioning can prevent the prosthetic valve 10 from
effectively sealing against the native mitral valve 102 because the atrial sealing member
17 (FIG. 1) is not in contact with the mitral valve annulus 104. Also, some of the
projections 36 are not engaging the native leaflets 110, which reduces the stability of the

prosthetic valve 10 relative to the native mitral valve 102.

[096]  The prosthetic valve 10 can be repositioned by retracting the positioning cords
206 axially (i.e., in the direction shown by arrow 114), which in turn causes the
prosthetic valve 10 to move axially in the same direction. The axial movement of the
prosthetic valve 10 toward the left ventricle 106 causes the projections 36 to withdraw

from or disengage the native leaflets 110 and allows the prosthetic valve 10 to be
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repositioned. Additionally, moving the delivery catheter 205 distally over the positioning
cords 206 draws the cords closer together radially and at least partially radially collapses
the outflow end of the prosthetic valve to assist with the repositioning of the prosthetic

valve.

[097] The prosthetic valve 10 can then be moved axially such that the atrial sealing
member 17 contacts the native mitral valve annulus 104, as shown in FIG. 3. As the
operator releases tension on the positioning cords 206 and/or retracts the delivery
catheter 205 to fully expand the outflow end of the prosthetic valve, the hemodynamic
pressure and/or the radial expansion force of the prosthetic valve cause the projections 36
to re-engage and penetrate the native leaflets 110. Once the prosthetic valve is secured to
the native leaflets 110, the delivery apparatus 200 can be removed from the patient’s

body, as described above.

[098] In some embodiments, the prosthetic valve 10 can be retrieved back into the
delivery catheter 205 by collapsing the outflow end of the prosthetic valve 10 sufficiently
such that the prosthetic valve 10 can be pulled back into the delivery catheter 205 and/or
the delivery catheter 205 can advanced distally over the prosthetic valve 10. The fully

retrieved valve can then be redeployed or removed from the patient’s body, if desired.

[099] Referring now to FIG. 7, there is shown a prosthetic valve assembly 300,
according to another embodiment. The prosthetic valve assembly 300 in the illustrated
embodiment comprises an outer support structure 302, a valve component 304, and a
tubular flexible connector or sleeve 306 extending between and connecting the support
structure 302 to the valve component 304. The prosthetic valve assembly 300 can be
transitioned from an axially extended configuration in a delivery state in which the valve
component 304 is axially spaced from the support structure 302 (FIGS. 9-11) and an
axially contracted configuration in an implanted or deployed state in which the valve
component 304 is positioned at least partially within the support structure 302 (FIGS. 7-

8), as further described below.

[0100] The support structure 302 is configured to be implanted in a native valve

annulus (e.g., the native mitral valve annulus) and provide a stable support or platform
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for supporting the valve component 304. The support structure 302 can be radially
compressible and expandable and can comprise a stent or frame 308 and a blood-
impermeable cover, liner, or sleeve 310 supported on the outside of the frame 308 (as
shown) and/or on the inside of the frame 308. The cover 310 can extend the entire length
of the frame 308 and cover the entire outer surface of the frame as shown, or

alternatively, extend along less than the entire length of the frame.

[0101] The frame 308 can be formed from a shape memory material (e.g., Nitinol) to
enable self-expansion of the support structure 302. Alternatively, the frame 308 can be
formed from a plastically-expandable material (e.g., stainless steel, chromium alloys)

and is configured to be expanded by an expansion device, such as an inflatable balloon.

[0102] As best shown in FIG. 12, the frame 308 can comprise a generally tubular main
body 312 and an atrial flange 314 extending radially outwardly from an atrial end of the
main body 312. The frame 308 can comprise a plurality of interconnected angled struts
316 and a plurality of tissue-engaging projections 318. The atrial flange 314 can be
formed by bending the upper row of struts 316 away from the main body 312 and shape-
setting the frame in that configuration. The cover 310 can cover the outside of the atrial
flange 314, thereby forming an atrial sealing member 315 of the support structure 302.
The projections 318 can be distributed circumferentially and/or axially on the outside of
the frame and can include barbs 320, similar to projections 36 described above in
connection with FIG. 1. Thus, the support structure 302 can be deployed and anchored
within the native mitral valve annulus utilizing the projections 318 and/or the atrial

flange 314 in the same manner as the prosthetic valve 10.

[0103] In particular embodiments, as depicted in FIGS. 8-11, the frame 308 can be
formed without an atrial flange that extends radially away from the main body 312
(similar to the frame 12 of FIG. 5). In other embodiments, the frame 308 can have the

same configuration as the 12 of FIG. 1.

[0104] The valve component 304 can be radially compressible and expandable and can
comprise a stent or frame 322 and a blood-impermeable cover or liner 324 supported on

the outside of the frame 322 (as shown) and/or on the inside of the frame 322. The frame
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322 can be formed from a shape memory material (e.g., Nitinol) to enable self-expansion
of the valve component 304. Alternatively, the frame 322 can be formed from a
plastically-expandable material (e.g., stainless steel, chromium alloys) and configured to

be expanded by an expansion device, such as an inflatable balloon.

[0105] A blood-regulating valve structure 326 can be supported inside of the frame 322
for regulating the one-way flow of blood through the valve assembly 300. The valve

structure 326 can comprise, for example, one or more flexible leaflets 328.

[0106] In particular embodiments, the outer diameter of the fully expanded valve
component 304 can be smaller than the inner diameter of the fully expanded support
structure 302. Thus, when fully deployed (as shown in FIG. 7), the valve component 304
can be said to be “suspended” or “float” within the support structure 302. As best shown
in FIGS. 12-13 and 25, for example, the outer diameter of the fully expanded frame 322
of the valve component can be smaller than the inner diameter of the fully expanded
frame 308 of the support structure 302 such that there is a radially and axially extending
gap between the frames 308, 322 along the entire length of the frame 322. Referring to
FIGS. 12 and 13, the frame 308 of the support structure 302 can be referred to as an
“outer frame” of the valve assembly 300 while the frame 322 of the valve component
304 can be referred to as an “inner frame” of the valve component 300 due to the

position of the frame 322 relative to the frame 308 when the assembly is fully deployed.

[0107] In particular embodiments, the frame 308 of the support structure 302 has a
diameter measured at the middle of the frame (equidistant from the inflow and outflow
ends) of about 35 mm to about 50 mm and the frame 322 of the valve component 304
has a diameter measured at the middle of the frame (equidistant from the inflow and

outflow ends) of about 25 mm to about 29 mm.

[0108] Referring again to FIGS. 7 and 8, the support structure 302 can include an inner
sealing member 330 that extends radially inwardly from the frame 308 at or adjacent the
atrial end of the frame 308. The sealing member 330 has an inner peripheral edge that

defines an inner orifice 332 that receives and supports an inflow end portion of the valve

component 304. In this manner, the sealing member 330 forms an annular end wall
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having an outer major surface 350 facing in the axial direction that blocks the flow of
blood into the annular space between the support structure and the valve component

when the valve component is deployed within the support structure.

[0109] In particular embodiments, the sealing member 330 functions to secure the
valve component 304 in place at least against hemodynamic pressure during the diastolic
phase of heart contraction; that is, the sealing member 300 can prevent migration of the
valve component 304 toward the left ventricle during diastole. The sealing member 300
can comprise, for example, one or more layers of a blood-impermeable fabric (e.g., PET)
and can be an extension of the cover 310. In alternative embodiments, the sealing
member 300 can be separately formed from the cover 310 and attached to the frame 308

using suitable techniques (e.g., sutures).

[0110] FIG. 14 shows the construction of a sealing member 330, according to one
embodiment. The sealing member 330 in this embodiment can include a plurality of
strips of material 334a, 334b, 334c, 334d (e.g., fabric strips) oriented at different angles
relative to each other and at different angular positions relative to the center of the
sealing member. The strips 334a-334d may be layered on a toroid shape piece of material
(e.g., layer of fabric). The strips 334a-334d render the sealing member much less
extensible or stretchable in the radial direction to resist enlargement or dilation of the
orifice 332 when the valve component 304 is deployed within the sealing member 330.
The sealing member 330 can also include a thin, continuous piece of flexible material
336 circumscribing the orifice 332, such as a suture, chord, or string, that resists

enlargement of the orifice 332.

[0111] FIG. 15 shows the construction of a sealing member 330, according to another
embodiment. The sealing member 330 in this embodiment can comprise one or more
stacked layers 338 of a toroid shaped material (e.g., fabric) that is reinforced with a
plurality of radially extending struts 340 to resist enlargement of the orifice 332. The
struts 340 can comprise, for example, relatively flexible material, such as suture material
or a stronger or heavier fabric than that used to form the layer 338. Alternatively, the
struts 340 can be formed from thin pieces of a biocompatible polymer or metal (e.g.,

stainless steel or Nitinol).
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[0112] FIG. 16 shows the construction of a sealing member 330, according to another
embodiment. The sealing member 330 is this embodiment can comprise two or more
stacked, toroid-shaped layers 338 of fabric arranged such that the warp and weft fibers of
one layer extend at different angles of the warp and weft fibers from another layer. For
example, in FIG. 16, the warp fibers of one layer are depicted as reference number 342
and the warp fibers of another layer are depicted as reference number 344. As shown, the
fibers 342 are oriented at 90-degree angles relative to the fibers 344. Orienting the fibers
at different angles can increase the ability of the sealing member to resist enlargement of

the orifice 332.

[0113] FIG. 17 shows the construction of a sealing member 330, according to another
embodiment. The sealing member 330 is this embodiment can comprise a plurality of
angular segments of material 346 (e.g., fabric) connected to each other along radially
extending seams 348 (e.g., by suturing or stitching). The angular segments 346 can

increase the ability of the sealing member to resist enlargement of the orifice 332.

[0114] In alternative embodiments, one or more features disclosed in any of sealing
members of FIGS. 14-17 can be combined with one or more features disclosed in another
one of the sealing members of FIGS. 14-17. For example, a sealing member can
comprise the angular segments 346 of FIG. 17 and the toroid shaped layers 338 of FIG.
16.

[0115] Referring again to FIGS. 10 and 11, the connecting member 306 can extend
from an inflow end of the valve component 304 to an outflow end of the support
structure 302. The connecting member 306 can be made of a suitable biocompatible
fabric (e.g., PET) or natural tissue. The connecting member 306 can be stitched or
otherwise secured to the cover 310 of the support structure 302 and the cover 324 of the
valve component 304. Alternatively, a single continuous piece of material can be used to
form the cover 310, the cover 324, and the connecting member 306. During deployment
of the valve assembly 300, the connecting member 306 allows the valve component 304
to be pushed or pulled to a position inside of the support structure 302, with the
connecting member 306 assuming an inverted state inside of the support structure 302, as

further described below. Once fully deployed, the connecting member 306 resists
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migration of the valve component 304 toward the left atrium against hemodynamic

pressure during systole.

[0116] Referring to FIG. 11, in some embodiments, the connecting member 306 can
comprise one or more apertures 307 and/or flaps 309 extending through the connecting
member 306. The apertures 307 and/or flaps 309 can be spaced apart and/or distributed
on the connecting member 306 in various manners. The apertures 307 and/or flaps 309
can be configured to allow blood to flow from the left atrium, through the support
structure 302, through the connecting member 306, and into the left ventricle. In some
embodiments, the apertures 307 and/or flaps 309 can be configured to allow the flow of
blood in a one direction through connecting member (e.g., from the left atrium to the left
ventricle) and to prevent the flow of blood in another direction through the connecting

member 306 (e.g., from the left ventricle to the left atrium).

[0117] As such, the apertures 307 and/or flaps 309 can allow at least some blood to
flow through the valve assembly 300 during the deployment procedure. Referring to
FIG. 22, for example, the apertures 307 and/or flaps 309 can allow at least some blood to
flow from the left atrium, through the connecting member 306, and into the left ventricle
during deployment of the valve assembly 300 when the support structure 302 is
expanded and the valve component 304 is not yet expanded. The flaps 309 can be
configured to allow blood to flow from the left atrium to the left ventricle via respective
openings in the connecting member 306 during diastole and then cover-up and close the
respective openings during systole to block retrograde blood from flowing back into the

left atrium.

[0118] Referring to FIG. 25, for example, the apertures 307 and/or flaps 309 (not
shown) can be closed, thus preventing blood from flowing through the apertures 307
and/or flaps 309 during diastole and systole, when the valve structure 304 is positioned
inside of the support structure 302 and expanded and the connecting member 306 is
inverted. Once the valve structure 304 is expanded, the leaflets 328 of the valve structure
304 can assume the blood-regulating function. Thus, configuring the valve assembly 300
in this manner allows at least some blood-flow through the valve assembly 300 during

the deployment procedure.
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[0119] Allowing blood to flow through the valve assembly 300 during the deployment
procedure can advantageously allow a patient’s heart to continue to at least partial
function during the deployment procedure, thus reducing trauma to the patient. It can
also advantageously allow a physician to more easily position the valve assembly 300
because forces acting on the valve assembly 300 caused by hemodynamic pressure are

reduced when blood can pass through the valve assembly 300.

[0120] Notably, the valve component 304 defines a flow orifice for blood flow from
the left atrium to the left ventricle, which flow orifice is not dependent on the size of the
support structure 302. As such, the support structure 302 can be sized to fill the native
annulus to prevent or at least minimize paravalvular leakage while the valve component
304 can be sized to provide a flow orifice (which is not dependent on the size of the
support structure) that more closely mimics the hemodynamics of a healthy native mitral
valve. Thus, in certain embodiments, the valve component is undersized relative to the
support structure and defines a flow orifice much smaller than the lumen of the support
structure. This is particularly advantageous when the patient has a relatively large mitral
valve orifice that needs to be filled. In addition, providing a valve component that is
undersized relative to the support structure, the size of the prosthetic leaflets 328 can be
minimized, which improves overall leaflet function and durability. Another advantage of
the valve assembly 300 is that the leaflets 328 can be positioned outside of the support
structure 302 during delivery through a patient’s vasculature, which minimizes the

overall crimp profile of the assembly during delivery.

[0121] In addition, in particular embodiments, there are no metal components that
interconnect the frame 308 of the support structure to the frame 322 of the valve
component. Indeed, in the illustrated embodiment, the flexible sleeve is the only
component interconnecting the support structure and the valve component. Minimizing
the amount of metal components in the valve assembly helps minimize the overall crimp
profile of the valve assembly and improves tracking of the valve assembly through the

vasculature of the patient.

[0122] Turning now to FIGS. 18-25, a method and apparatus for delivering a valve

assembly 300 to the native mitral valve will now be described. FIGS. 18-21 show a
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delivery apparatus 400, according to one embodiment, configured to implant a valve
assembly 300 having a self-expandable support structure 302 and a plastically-
expandable valve component 304. The valve assembly 300 is mounted on the delivery

apparatus 400 for trans-septal delivery, although other delivery techniques can be used.

[0123] The delivery apparatus 400 can comprise a first shaft 402, a second shaft 404
extending co-axially through the first shaft 404, an outer sheath 406 extending co-axially
over the first shaft 404, an inflatable balloon 408 mounted on a distal end portion of the
second shaft 404, and a nose cone 410 mounted on the distal end portion of the second
shaft 404 distal to the balloon 408. The second shaft 404 can have a lumen configured to
receive a guidewire. The first shaft 402, the second shaft 404, and the sheath 406 can be
axially moveable relative to each other and can extend distally from a handle (not shown)
at the proximal end of the delivery apparatus 400. Further details regarding the
construction of the delivery apparatus are disclosed in U.S. Publication No.

2013/0030519, which is incorporated herein by reference.

[0124] When mounting the valve assembly 300 on the delivery apparatus 400 for
insertion into a patient’s body, the valve assembly 300 is placed in the axially extended
configuration with the valve component 304 outside of and axially spaced from the
support structure 302. The valve component 304 is crimped to a radially compressed
state onto the balloon 408 and the support structure 302 is crimped and inserted into the
sheath 406 to retain the support structure in the radially compressed state. If desired, the
sheath 406 also can be advanced over the radially compressed valve component 304 (as
shown in FIG. 18) to prevent direct contact between the patient’s vasculature and the

valve component 304.

[0125] As noted above, the delivery apparatus 400 and the valve assembly 300 can be
advanced into the heart via a trans-septal route by which the delivery apparatus 400 and
the valve assembly 300 are advanced into the right atrium (such as via the inferior or
superior vena cava), across the atrial septum, and into the left atrium. The delivery
apparatus 400 can then be used to position the support structure 302 within the native

mitral valve, after which the sheath 406 is retracted relative to the valve assembly 300
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and/or the valve assembly 300 is advanced distally relative to the sheath 406, allowing

the support structure 302 to radially expand to its functional size (FIG. 19).

[0126] As best shown in FIG. 22, the projections 318 of the support structure 302 can
engage and extend through the native leaflets 110 to anchor the support structure in place
within the native mitral valve annulus 104. If the support structure has an atrial sealing
member 315 (FIG. 7), the sealing member is positioned above the native annulus within
the left atrium, similar to the prosthetic valve 10 shown in FIG. 3. Engagement and
penetration of the leaflets 110 by the projections 318 can be accomplished by expansion
of the support structure 302, hemodynamic pressure, and/or a retraction force applied to

the delivery apparatus 400.

[0127] Following deployment of the support structure 302, the valve component 304 is
moved axially to a position within the support structure 302 by retracting the delivery
apparatus 400, as shown in FIGS. 20 and 23. As the valve component 304 is retracted
within the support structure 302, the flexible connector 306 moves to an inverted state
within the support structure. The length of the flexible connector 306 is selected such
that the inflow end portion of the valve component can project upwardly beyond the
orifice of the sealing member 330 when the flexible connector is pulled taut by retraction

of the valve component relative to the support structure.

[0128] Referring to FIGS. 21 and 24, the balloon 408 can then be inflated to radially
expand the valve component 304 inside of the support structure 302. The inflow end
portion of the valve component 304 can expand against the inner peripheral edge
(defining the orifice 332) of the sealing member 330 to help secure the valve component
in place within the support structure. As noted above, in the illustrated embodiment,
engagement of the valve component with the sealing member 330 and the flexible
connector 306 anchor the valve component in place against hemodynamic pressure. After
expansion of the valve component 304, the balloon can be deflated and the delivery
apparatus can be removed from the body, leaving the valve assembly 300 implanted in

the native mitral valve (FIG. 25).
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[0129] In alternative embodiments, the valve assembly 300 can be delivered via other
delivery techniques, such as transventricular, transatrial, transfemoral, etc. Also, in
alternative embodiments, the delivery apparatus 400 can be configured to deploy a self-

expandable valve component 304 and/or a plastically-expandable support structure 302.

[0130] FIGS. 26-33 show an example of a prosthetic valve assembly 500, according to
another embodiment. Referring to FIGS. 26-27, the prosthetic valve 500 can generally
comprise a support structure 502 and a valve component 504 supported by and/or within
the support structure 502, as further described below. The support structure 502 can be
configured to securely engage a native annulus of a heart (e.g., similar to the manner
shown in FIG. 3) to prevent the prosthetic valve assembly 500 from migrating within the
native annulus. The valve component 504 can be configured for regulating the flow of
blood in one direction through the prosthetic valve assembly 500, i.e., from an inflow
end 506 to an outflow end 508 of the prosthetic valve 500. The valve component 504 can
be separate component from the support structure 502 that is delivered and deployed
within the support structure 502 after the support structure 502 is implanted within a

native valve, such as the native mitral valve, as further described below.

[0131] Referring now to FIGS. 28-29, the support structure 502 of the prosthetic valve
assembly 500 can comprise a frame 510, a blood-impervious sealing member or sealing
portion 512 substantially covering the frame 510, and a radially centrally disposed

opening or orifice 514 extending axially through the sealing member 512.

[0132] As best shown in FIG. 30, the frame 510 can comprise a main body 516 and,
optionally, an enlarged atrial flange 518 (not shown in FIGS. 26-29, 31-33) extending
both radially outward and axially upward from an atrial end 26 of the main body 22. The
frame 510 is desirably covered by the sealing 512, as further described below. Although
not shown, the atrial flange 518 of the frame 510 also can be covered by the sealing
member 512, effectively forming an atrial sealing member (e.g., similar to atrial sealing

member 17) of the support structure 502.

[0133] Referring again to FIGS. 28-29, the main body 516 of the frame 510 can

comprise a plurality of interconnected angled struts 520, a plurality of tissue-engaging
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projections 522, and at least one positioning member 524 (three in the illustrated
embodiment) and can be configured in a manner similar to the main body 22 of the
frame 12. In the illustrated embodiment, the end of each projection 522 has barb or hook
portion 528, as best shown in FIG. 29. In some embodiments, the projections can be

configured without the hook portions (e.g., as shown in FIG. 4).

[0134] In some embodiments, main body 516 of the frame can be radially tapered in a
direction extending from the inflow end to the outflow end (e.g., the inflow end is
slightly radially larger than in outflow end). For example, in one particular embodiment,
the axial cross-sectional profile of the main body 516 can slope ten degrees radially
inwardly (similar to a “V-shape”) from the inflow end to the outflow end of the main

body 516.

[0135] The frame 510 can be formed from a flexible, shape-memory material (e.g.,
Nitinol) to enable self-expansion from a radially compressed state to a radially expanded
state. As such, the support structure 502 of the prosthetic valve 500 can be radially
collapsible and self-expandable between a radially expanded state (e.g., FIGS. 26-29)
and a radially compressed state (not shown) to enable delivery and implantation at the
mitral valve region of the heart (or within another native heart valve). In alternative
embodiments embodiments, the frame 510 can be formed from a plastically-expandable
material (e.g., stainless steel or chromium alloys), and is configured to be expanded by

an expansion device, such as an inflatable balloon.

[0136] The sealing member 512 of the support structure 502 can comprise an outer
sleeve 530, an inner tube or sleeve 532, and first and second support members or end
walls 534, 536. The outer sleeve portion 530 can be disposed around the outer
circumferential surface of the main body 516 of the frame 510 and can extend axially
from the inflow end 506 to the outflow end 508 of the prosthetic valve 500. The outer
sleeve can be coupled or secured to the frame 510 such as by sutures or an adhesive, and
the projections 522 of the frame 510 can penetrate through the outer sleeve portion 530
(or extend through openings which can be formed in the outer sleeve portion 530). The

inner sleeve 532 can be disposed radially inwardly from the outer sleeve 530 and can
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extend axially from the inflow end 506 to the outflow end 508 of the prosthetic valve

assembly 500 (e.g., substantially parallel to the outer sleeve 530).

[0137] The first end wall 534 can extend radially inwardly from a first end portion 538
of the outer sleeve 530 and has a respective inner peripheral edge defining a respective
orifice. The second end wall 536 can extend radially inwardly from a second end portion
542 of the outer sleeve 530 and has a respective inner peripheral edge defining a
respective orifice. The inner sleeve 532 can extend between the first and second end
walls and can have a first end portion 540 connected to the inner peripheral edge of the
first end wall 534 and a second end portion 544 connected to the inner peripheral edge of
the second end wall 536. The first and second end walls 534, 536 can have respective
opposing major surfaces facing in the axial direction and function to block the flow of

blood in the annular space between the frame 510 and the valve component 504.

[0138] The first end portions 538, 540 of the sleeves 530, 532 and the first end wall
534 and the second end portions 542, 544 of the sleeves 530, 532 and the second end
wall 536 can be secured together in various ways. For example, in some embodiments,
the sleeves 530, 532 and the end walls 534, 536 can be secured together by sutures,
ultrasonic welding, and/or an adhesive. In other embodiments, one or more of the sleeves
530, 532 and one or more of the end walls 534, 536 can be secured together by forming

the sleeve(s) and the support member(s) from a single, unitary piece of material.

[0139] The sealing member 512 extends radially inwardly from the frame 512 to the
inner sleeve 532 and axially from the inflow end 506 to the outflow end 508, thereby
forming the lumen 514 which extends axially through the support structure 502 for
receiving the valve component 504. As a result, the support structure 502 can be
configured such that the frame 510 has an outer diameter that is substantially the same or
slightly larger than the inner diameter of the native annulus and the orifice 514 has an
inner diameter that is smaller than the inner diameter of the native annulus. This can
advantageously allow the valve component 504 to be smaller than the native annulus
(see, e.g., FIG. 25) for desired hemodynamics while the support structure 502 can be
sized to fill the native annulus and prevent or at least minimize paravalvular leakage

between the native annulus and the valve assembly 500.
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[0140] The sealing member 512 can be formed from various suitable blood-impervious
materials such as polyethylene terephthalate (“PET”) fabric. As such, when the support
structure 502 is disposed and secured in a native annulus (e.g., similar to the support
structure 302 in FIG. 22), the support structure 502 can direct the flow of blood through
the valve component 504 (which can be disposed in the orifice 514, as best shown in
FIGS. 26-27) and can at least substantially prevent the flow of blood through and/or

around the support structure 502.

[0141] The support structure 502 can be configured such that the inner sleeve 532
and/or the end walls 534, 536 are relatively non-expansible or non-extensible in the
radial direction and can securely support the valve component 504 when the valve
component 504 is deployed in the orifice 514, as shown, for example, in FIGS. 26-27
and further described below. This can be accomplished, for example, by orienting and/or
configuring the fabric of the inner sleeve 532 and/or the end walls 534, 536 as described
above with respect to the embodiments of the sealing member 330 of FIGS. 14-17. In
some embodiments, the support structure 502 can include struts or ribs extending radially
between the outer sleeve 530 and the inner sleeve 532. The struts or ribs can be spaced
axially and/or circumferentially relative to each other within the space defined by the

inner sleeve, outer sleeve, and the end walls of the sealing member.

[0142] Referring now to FIGS. 26-27, the valve component 504 can comprise frame
546 and a valve structure 548 having a plurality of leaflets 550 (three in the illustrated
embodiment). As noted above, the valve component 504 can be configured for regulating
the flow of blood from an inflow end 506 to an outflow end 508 of the prosthetic valve
assembly 500. The valve component 504 can be configured similar to the valve
component 304. The valve component 504 can further include an outer sleeve or cover
(similar to cover 324) to enhance engagement with the inner surface of the inner sleeve
532. The frame 546 can be made from any of the self-expandable, shape-memory

materials or plastically-expandable materials described above.

[0143] The prosthetic valve assembly 500 can be delivered and or deployed in various
ways and/or with various delivery apparatuses. For example, in some embodiments, the

prosthetic valve 500 can be releasably attached to the delivery apparatus 400, delivered



WO 2016/172349 PCT/US2016/028660

-32-

trans-septally, and deployed within a native mitral valve annulus similar to the manner
shown in FIGS. 18-25 and described above. In other words, in such embodiments, the
prosthetic valve assembly 500 can be delivered and deployed with one delivery

apparatus.

[0144] In other embodiments, the support structure 502 of the prosthetic valve
assembly 500 can be delivered and deployed using a first delivery apparatus and a
delivery approach (e.g., trans-septally), and then the valve component 504 of the
prosthetic valve assembly 500 can be delivered and deployed using a second delivery

apparatus and the same delivery approach (e.g., trans-septally).

[0145] For example, the support structure 502 of the prosthetic valve assembly 500 can
be radially compressed and retained within a delivery cylinder of a first delivery
apparatus (not shown). The first delivery apparatus can be inserted into a patient’s body
and advanced to or adjacent a native mitral valve annulus using trans-septal delivery
approach. The support structure 502 can then be deployed from within the delivery
cylinder, which can allow the support structure 502 to radially expand. The support
structure 502 can then be desirably positioned and secured within the native annulus and
released from the first delivery apparatus. The first delivery apparatus can then be
removed from the patient’s body, leaving the support structure 502 securely positioned in

the native mitral valve annulus.

[0146] Referring to FIG. 31, the valve component 504 can be crimped onto a balloon
portion 602 of a second delivery apparatus 600. Although not shown, the second delivery
apparatus 600 can comprise various other components such a delivery cylinder, etc, can
have the same construction as the delivery apparatus 400. The second delivery apparatus
600 can be inserted into a patient’s body and advanced to or adjacent the native mitral

valve annulus using a trans-septal delivery approach.

[0147] As best shown in FIGS. 32-33, the second delivery apparatus 600 can be
advanced into and/or through the orifice 514 of the support structure 502 such that the
valve component 504 is disposed within the orifice 514. As shown in FIG. 33, the valve

component 504 can be deployed, and thus secured to the support structure 502, by
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inflating the balloon portion 602 of the second delivery apparatus 600. This can cause the
valve component 504 to radially expand against the inner sleeve 532 of the support
structure 502, thus securing the valve component 504 to the support structure 502, as
best shown in FIGS. 26 and 27. The balloon portion 602 of the second delivery apparatus
600 can then be deflated, and the second delivery apparatus can be removed from the
patient’s body, leaving the prosthetic valve 500 securely positioned in the native mitral

valve annulus.

[0148] Although not shown, in some embodiments, the support structure 502 can
comprise a temporary valve component (e.g., temporary leaflets within the orifice 514)
which can be configured to regulate the flow of blood in one direction for the duration
between deploying the support structure 502 and deploying the valve component 504.
The temporary valve component can be configured to be displaced (e.g., crushed) when
the valve component 504 is radially expanded within the orifice 514 of the support
structure 502, and the valve component 504 can assume regulating the flow of blood in
one direction. The temporary leaflets can be relatively thinner and less durable than the
leaflets of the valve component as they are intended to function for a relatively short

period until the valve component 504 is implanted.

[0149] In other embodiments, the support structure 502 of the prosthetic valve
assembly 500 can be delivered and deployed using a first delivery apparatus and a first
delivery approach (e.g., trans-septally), and the valve component 504 of the prosthetic
valve assembly 500 can be delivered and deployed using a second delivery apparatus and
a second delivery approach (e.g., transventricularly). This can advantageously reduce the
implantation procedure time and/or reduce the duration between the deployment of the
support structure 502 and the valve component 504 because the valve component 504
can inserted into the support structure 502 without having to remove the first delivery
apparatus from the patient’s body and then insert and advance the second delivery

apparatus into the patient’s body via the same delivery path.

[0150] FIGS. 34-35 show an example of a prosthetic valve assembly 700, according to
another embodiment. The prosthetic valve assembly 700 can generally comprise a

support structure 702 and a valve component 704 coupled or secured within the support
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structure 702, as further described below. The support structure 702 can be configured to
securely engage a native annulus of a heart (e.g., similar to the manner shown in FIG. 3)
to prevent the prosthetic valve assembly 700 from migrating within the native annulus.
The valve component 704 can be configured for regulating the flow of blood in one
direction through the prosthetic valve assembly 700, i.e., from an inflow end 706 to an

outflow end 708 of the prosthetic valve assembly 700.

[0151] The support structure 702 of the prosthetic valve assembly 700 can comprise a
frame 710, a blood-impervious sealing member 712 substantially covering the frame
710, and a radially centrally disposed opening or orifice 714 extending axially through
the support structure 702. The support structure 702 can be configured similar to the
support structure 502 of the prosthetic valve assembly 500. The frame 710 can comprise
plurality of tissue-engaging projections 716 and one or more positioning members 718
(three in the illustrated embodiment). The cloth portion 712 can comprise an outer sleeve

720, an inner sleeve 722, and first and second support members or end walls 724, 726.

[0152] The valve component 704 can comprise a plurality of leaflets 728 (three in the
illustrated embodiment). The valve component 704 can be coupled or secured to the
inner sleeve 722 of the support structure 702 in various ways such as by sutures 730

and/or by an adhesive.

[0153] In some embodiments, the leaflets 728 can, for example, be prosthetic and/or
bio-prosthetic leaflets configured to permanently regulate the flow of blood in one
direction. In this manner, the prosthetic valve 700 can be configured substantially similar
to the prosthetic valve assembly 500 except the valve component 704 of the prosthetic
valve 700 does not have a separate frame like the frame 546 of the valve component 504;
rather, the valve component 704 and the support structure 702 are pre-assembled as a
single unit. As such, the support structure 702 and the valve component 704 of the
prosthetic valve 700 can be deployed simultaneously rather than sequentially like the

support structure 502 and the valve component 504 of the prosthetic valve assembly 500.

[0154] In other embodiments, the leaflets 728 can, for example, be temporary leaflets

(e.g., cloth leaflets) configured to temporarily regulate the flow of blood in one direction
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and to be displaced by a later-deployed valve component which can assume regulating
the flow of blood in one direction. It should be noted that in any of the disclosed
embodiments, the leaflets can be temporary leaflets configured to be displaced by a later-

deployed valve structure having permanent leaflets.

[0155] FIGS. 36-37 show an example of a prosthetic valve 800, according to another
embodiment. The prosthetic valve 800 can generally comprise a support structure 802
and a valve component 804 coupled or secured within the support structure 802 by one
or more connecting members or struts 806 (three in the illustrated embodiment). The
support structure 802 can be configured to securely engage a native annulus of a heart
(e.g., similar to the manner shown in FIG. 3) to prevent the prosthetic valve 800 from
migrating within the native annulus. The valve component 804 can be configured for
regulating the flow of blood in one direction through the prosthetic valve 800, i.e., from

an inflow end 808 to an outflow end 810 of the prosthetic valve 800.

[0156] The support structure 802 can comprise a frame 812 and a blood-impervious
sealing member (e.g., formed from a fabric or cloth) (not shown for purposes of
illustration). The frame 812 can be configured similar to, for example, the frame 500 and
can comprise a plurality of interconnected struts 814, a plurality of tissue-engaging
projections 815, and one or more first positioning members 816 (three in the illustrated
embodiment) axially extending from the inflow end 808 of the frame 812. The struts 814
can configured to form cells 818 which can be arranged in circumferentially extending

rows (e.g., two rows in the illustrated embodiment).

[0157] Although not shown, the sealing member can be configured similar to the
sealing member 512 and can comprise an outer sleeve extending circumferentially
around and covering an outer surface of the frame 812, an inner sleeve disposed radially
inward from the outer sleeve and the an inner surface of the frame 812, and first and
second end walls extending radially between and connecting first and second ends of the

sleeves, respectively.

[0158] In some embodiments, the inner sleeve of the sealing member can be

substantially cylindrically shaped and can have an inner diameter that is substantially the
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same as the inner diameter of a frame 820 of the valve component 804. As such, the
inner sleeve can form a substantially cylindrical orifice or lumen which extends axially
from the inflow end 808 of the prosthetic valve to or adjacent an orifice or lumen 822 of

the valve component 808.

[0159] In other embodiments, the inner sleeve of the cloth portion can be substantially
conically shaped and can have a first inner diameter at the first end of the inner sleeve
which is substantially the same as the inner diameter of inflow end 808 of the frame 812.
From the first end, the inner sleeve can taper radially inwardly and can have a second
inner diameter at the second end of the inner sleeve which is substantially the same as
the inner diameter as an inner diameter of a frame 820 of the valve component 804. As
such, the inner sleeve can form a substantially conical orifice which extends axially from
the inflow end 808 of the prosthetic valve to or adjacent the orifice 822 of the valve

component 808 (similar to a funnel).

[0160] The valve component 804 of the prosthetic valve 800 can be configured similar
to the valve component 502. As noted above, the valve component 804 can comprise the
frame 820 and the orifice 820. Although not shown, the valve component can comprise a
valve structure which can be configured (e.g., with leaflets) for regulating the flow of
blood in one direction through the prosthetic valve 800 from the inflow end 808 to the
outflow end 810 of the prosthetic valve 800.

[0161] The frame 820 can be formed by a plurality of interconnected struts 824. The
struts 824 can be configured to form cells 826 which can be arranged in circumferentially
extending rows (e.g., one row in the illustrated embodiment). In some embodiments, the
frame 820 can have more than one row of cells 826. The frame 820 can also have one or
more second positioning members 828 (three in the illustrated embodiment) axially
extending from the outflow end 810 of the frame 820. The second positioning members
828 can be used, for example, in lieu of or in addition to the first positioning members

816 to connect the outflow end 810 of the prosthetic valve to a delivery apparatus.

[0162] The frame 820 of the valve component 804 can have an outer diameter that is

smaller than the inner diameter of the frame 812 of the support structure 802. As such,
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the frame 820 can securely engage a native annulus (e.g., a native mitral valve annulus)
and the valve component can be smaller than the native annulus and supported by the

frame 820 of the support structure 802.

[0163] The struts 806 of the prosthetic valve 800 can extend between and can be
connected or coupled to the frame 812 of the support structure 802 and the frame 820 of
the valve component 804. The struts 806 can be configured to extend axially from the
frame 812 toward the outflow end 810 of the prosthetic valve 800 (as best shown in FIG.
36) and to extend radially inwardly (as best shown in FIG. 37). In the illustrated
embodiment, the struts 806 are connected to an outflow end portion of the frame 812 at
first ends of the struts and connected to an inflow end portion of the frame 820 at second
ends of the struts. In some embodiments, a length and/or positioning of the struts 806 can
be configured such that the valve component 804 at least partially axially overlaps or is
nested within the support structure 802. In other embodiments, the length and/or
positioning of the struts 806 can be configured such that the valve component 804 does
not substantially axially overlap or nest within the support structure 802. In some
embodiments, the length and/or the angle of the struts 806 can configured to increase or

decrease the radial distance between the valve structure 802 and the valve component

804.

[0164] The frames 812, 820 can be formed from any suitable self-expanding, shape-
memory materials or plastically-expandable materials described above. In some
embodiments, both the support structure and the valve component are self-expandable or
are both plastically expandable. In other embodiments, one of the support structure and
the valve component is self-expandable and the other is plastically-expandable by an

expansion device such as a balloon.

[0165] The struts 806 can be connected or coupled to the frames 812, 820 in various
ways. For example, as shown in the illustrated embodiment, the struts 806 can be
connected to the frames 812, 820 by forming the struts 806 and the frames 812, 820 from
a single unitary piece of material. This can be accomplished, for example, by laser

cutting a metal (e.g., Nitinol) tube, and shape setting the struts 806 and the frames 812,
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820 in their respective configurations. In other embodiments, the struts 806 can be

coupled to connected to the frames 812, 820 by welding, fasteners, and/or an adhesive.

[0166] Although not shown, the prosthetic valve 800 can be attached to a delivery
apparatus, inserted into a patient’s body, and deployed at an implantation site (e.g., a
native mitral valve annulus) in various ways. For example, the prosthetic valve 800 can
be radially compressed and retained within a delivery cylinder of a delivery apparatus.
The delivery apparatus can be inserted into a patient’s body and advanced to or adjacent
a native mitral valve annulus using trans-septal delivery approach. The prosthetic valve
800 can then be deployed from within the delivery cylinder, which can allow the
prosthetic valve 800 to radially expand and engage the tissue of the native mitral valve
annulus. The prosthetic valve 800 can then be desirably positioned and secured within
the native mitral valve annulus and released from the delivery apparatus (see, e.g., FIG.
3). The delivery apparatus can then be removed from the patient’s body, leaving the

prosthetic valve 800 securely positioned in the native mitral valve annulus.

[0167] FIGS. 38-41 show an exemplary embodiment of a prosthetic heart valve
delivery assembly 900. Referring to FIG. 41, the delivery assembly 900 can comprise an

expandable prosthetic heart valve 902 and a delivery apparatus 904.

[0168] The prosthetic valve 902 can configured in a manner similar to the prosthetic
heart valves and/or assemblies 10, 300, 500, 700, 800. The prosthetic valve 902 can be
configured to be radially expandable from a compressed state (e.g., as shown in FIGS.
38-40) to an expanded state (e.g., as shown in FIG. 41), and vice versa. In some
embodiments, as shown, the prosthetic heart valve 902 can be a self-expanding valve. In
other embodiments, the prosthetic heart valve 902 can be mechanically expanding valve
(e.g., a balloon expandable valve). The prosthetic heart valve 900 can be releasably

coupled to the delivery apparatus 904, as further described below.

[0169] Referring still to FIG. 41, the delivery apparatus 904 can comprise a handle 905,
a first catheter 906, a second catheter 908, and a third catheter 910. Proximal end
portions of the catheters 906, 908, 910 can be coupled to the handle 905 and can extend
distally away from the handle 905 toward distal end portions of the catheters 906, 908,
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910. The second and third catheters 908, 910, can extend coaxially through the first
catheter 908, and the third catheter 910 can extend coaxially through the second catheter
908. The catheters 906, 908, 910 can be independently movable (e.g., axially and/or

rotationally) relative to each other.

[0170] The handle 905 can be used to adjust the positioning of the prosthetic heart
valve 902 and the delivery apparatus 904 relative to a patient’s body (e.g., the patient’s
heart). In some embodiments, the handle 905 can comprise a plurality of control knobs
(not shown) (e.g., one knob for each of the catheters 906, 908, 910), and the control

knobs can be configured to adjust the relative positioning of the catheters 906, 908, 910.

[0171] In some embodiments, the handle 905 and the catheters 906, 908, 910 can be
configured to translate relative rotational movement (e.g., clockwise and
counterclockwise movement) between the catheters 906, 908, 910 at the proximal end
portions of the catheters 906, 908, 910 into relative axial movement (e.g., proximal and
distal relative movement) between the catheters 906, 908, 910 at the distal end portions
of the catheters 906, 908, 910. This can be accomplished, for example, by configuring
the delivery apparatus 904 similar to the manner described in U.S. Patent No. 8,652,202,

which is incorporated herein by reference.

[0172] Referring to FIG. 38, the first catheter 906 can comprise an elongate shaft
having a sleeve or sheath portion 912 disposed at or near the distal end portion 914 of the
first catheter 906. The sheath portion 912 of the first catheter 906 can be configured to
compress a portion of the second catheter 908 and/or retain a portion of the second

catheter 906 in a compressed state, as further described below.

[0173] The second catheter 908 can comprise an elongate shaft have a sleeve or sheath
portion 916 and a plurality of flexible paddles or arms 918 (e.g., two in the illustrated
embodiment) disposed at or near the distal end portion 920 of the second catheter 908.
The sheath portion 916 of the second catheter 908 can be used to compress and/or retain
the prosthetic heart valve 902 in the compressed state, as further described below. The
flexible arms 918 of the second catheter 908 can be coupled to and extend radially

outward from the sheath portion 916 of the second catheter 908.
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[0174] The flexible arms 918 of the second catheter 908 can be configured so as to be
movable from one configuration to one or more other configurations, and vice versa. For
example, the flexible arms 918 can be configured to be movable from a first
configuration (e.g., a compressed configuration, as shown in FIG. 38) to a second
configuration (e.g., a resting or undeflected configuration, as shown in FIG. 39) to a third
configuration (e.g., a leaflet-retention configuration, as shown in FIGS. 40-41), and vice

versa.

[0175] As shown in FIG. 38, in the first configuration, the flexible arms 918 can be
angled axially away from the distal end portion 920 of the second catheter 908 and
compressed against the sheath portion 916 of the second catheter 908. With the flexible
arms 918 in the first configuration, the flexible arms 918 of the second catheter 908 can
be positioned within the sheath portion 912 of the first catheter 906. The sheath portion
912 of the first catheter 906 can be configured to retain the flexible arms 918 of the

second catheter 908 in the first configuration.

[0176] As shown in FIG. 39, the flexible arms 918 can be moved from the first
configuration to the second configuration by exposing the flexible arms 918 from the
sheath portion 912 of the first catheter 906. This can be accomplished by proximally
retracting the first catheter 906 relative to the second catheter 908 (and/or by distally
advancing the second catheter 908 relative to the first catheter 906) such that the flexible
arms 918 extend from the distal end portion 914 of the first catheter 906. This allows the
flexible arms 918 to expand radially outwardly away from the sheath portion 916 of the

second catheter 908.

[0177] As shown in FIG. 40, the flexible arms 918 can be moved from the second
configuration to the third configuration by moving the sheath portion 912 of the first
catheter 906 back over the flexible arms 918. This can be accomplished by proximally
retracting the second catheter 908 relative to the first catheter 906 (and/or by distally
advancing the first catheter 906 relative to the second catheter 908) such that proximal
portions 922 of the flexible arms 918 are disposed radially within the sheath portion 912
of the first catheter 906. This causes the flexible arms 918 to press against the sheath

portion 912 at the distal end portion 914 of the first catheter 906, which in turn causes
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the distal portions 924 of the flexible arms 918 to initially move radially outwardly away
from the sheath portion 916 of the second catheter 908. As the second catheter 908 is
retracted farther proximally relative to the first catheter 906 (i.e., as distal portions 924 of
the flexible arms 918 move toward the distal end portion 914 of the first catheter 906),
the sheath portion 912 of the first catheter 906 causes the flexible arms 918 to pivot
distally away from the sheath portion 916 of the second catheter 908 and the distal
portions 924 of the flexible arms 918 to radially converge toward each other. The relative
spacing between the distal portions 924 of the flexible members can be increased by
distally advancing the second catheter 908 relative to the first catheter 906 (and/or by

proximally retracting the first catheter 906 relative to the second catheter 908).

[0178] In alternative embodiments, the flexible arms 918 of the second catheter 908
can be configured to extend radially outwardly and distally away from the distal end 920
of the second catheter 908 (i.e., in the opposite direction of the flexible arms 918 shown
in FIG. 38) when the flexible arms 918 are in the first configuration (i.e., the compressed
configuration). In such embodiments, the flexible arms 918 can be configured to expand
radially outwardly relative to each other and to be angled distally relative to the distal
end portion 920 of the second catheter 908 when the flexible arms 918 are deployed from
the sheath portion 912 of the first catheter 906. The relative distance between distal
portions 924 of the flexible arms can be adjusted by moving the first and second

catheters 906, 908 relative to each other, as further described above.

[0179] In some embodiments, the flexible arms 918 can be operably coupled to the
handle 905. For example, the delivery apparatus 904 can include linkage and/or wires
(not shown) that extend proximally (e.g., through the first and/or second catheters 906,
908) from the flexible arms 918 to or adjacent the handle 905. The linkage and/or wires
can be configured to control, move, and/or adjust the positioning, configuration, and/or
gripping force (i.e., the compressive force applied by the flexible arms 918 on an object
or objects (e.g., native leaflets) disposed between the flexible arms 918) of the flexible
arms 918. In some embodiments, the linkage and/or wires can be configured such that
the flexible arms 918 can be independently operable relative to each other (e.g., each

flexible arm 918 can be operably coupled to a separate linkage and/or wire). In some
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embodiments, the linkage and/or wires can be operably coupled to one or more control
knobs that are disposed on the handle 905 or other portion of the delivery apparatus 904.
The control knobs can be configured to control, move, and/or adjust the linkage and/or

wires and thus the flexible arms 918.

[0180] The flexible arms 918 can also include one or more radiopaque elements (not
shown). The radiopaque elements can be disposed on the flexible arms 918 and can
allow a physician to monitor the positioning of the flexible arms 918 during an
implantation procedure. In some embodiments, the radiopaque elements can be integrally
formed with the flexible arms 918 (e.g., co-molded). In other embodiments, the
radiopaque elements can be separately formed and then attached to the flexible arms 918
such as with an adhesive. In some embodiments, the radiopaque elements can be

disposed on the distal portions 924 of the flexible arms 918.

[0181] In some embodiments, as shown, the distal portions 924 of the flexible arms
918 can be formed as a paddle-like portion that is relatively larger than the proximal
portions 922 of the flexible arms 918. These paddle-like distal portions 924 can provided

arelatively large surface area that can contact and or grip native leaflets of heart.

[0182] The flexible arms 918 can be formed from various materials, such as metals,
polymers, composites, etc. For example, in some embodiments, the flexible arms 918 can
be formed from relatively elastic materials such as stainless steel, Nitinol, shape-memory
polymers, etc. The flexible arms 918 can include covers made from a relatively soft
material, such as cloth, fabric, or natural tissue, to reduce trauma to the surrounding heart
tissue and/or to increase friction between the flexible arms 918 and native heart tissue

(e.g., native leaflets).

[0183] Referring to FIGS. 40 and 41, the third catheter 910 can comprise an elongate
shaft having a distal end portion 926. The distal end portion 926 of the third catheter 910
can be releasably coupled to the prosthetic heart valve 902 in various ways such as with
sutures, interlocking mating features, etc. Additional details regarding releasably
coupling a prosthetic heart valve to a delivery apparatus can be found, for example, in

U.S. Patent No. 8,652,202. As such, the third catheter 910 can be used to move the
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prosthetic heart valve 902 relative to the first and/or second catheters 906, 908. This can
be accomplished, for example, by moving the third catheter 910 axially (i.e., proximally

and/or distally) relative to the first and/or second catheters 906, 908.

[0184] In some embodiments, the delivery apparatus 904 can be configured to deliver a
prosthetic heart valve to a native heart valve of a patient. The delivery apparatus 904 can
also be configured for various types of delivery approaches (e.g., transapical,
transventricular, transseptal, transfemoral, etc.). For example, FIGS. 38-41 show the
delivery apparatus 904 being used to deliver the prosthetic heart valve 902 to a native

mitral valve 1002 of a patient’s heart 1000 using a transapical approach.

[0185] The prosthetic heart valve 902 can be implanted in the native mitral valve 1002
by radially compressing the prosthetic heart valve 902 to the compressed configuration
and positioning the prosthetic heart valve 902 within the sheath portion 916 of the
second catheter 906, as shown in FIG. 38. As also shown in FIG. 38, the flexible arms
918 of the second catheter 908 can be radially compressed to the first configuration and

positioned within the sheath portion 912 of the first catheter 906.

[0186] With the delivery assembly 900 in this configuration, a distal end portion of the
delivery assembly 900 can be advanced into the left ventricle 1004 of the patient’s heart
1000. This can be accomplished, for example, by inserting an introducer (not shown)
into the left ventricle 1004 and inserting the distal end portion of the delivery assembly
900 into and through the introducer and into the left ventricle 1004. As shown in FIG.
38, the distal end portion of the delivery assembly 900 can be positioned adjacent the
patient’s native mitral valve leaflets 1006. The flexible arms 918 of the second catheter
908 can be moved from the first configuration to the second configuration by proximally

retracting the first catheter 906 relative to the second catheter 908, as shown in FIG. 39.

[0187] The native leaflets 1006 can be captured or secured between the flexible arms
918 by moving the flexible arms 918 from the second configuration to the third
configuration by proximally retracting the second catheter 908 relative to the first
catheter 906, as shown in FIG. 40. In this configuration, the flexible arms 918 can be

positioned against the ventricular side of the native leaflets 1006 and can hold or
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stabilize the native leaflets 1006, as shown in FIGS. 40 and 41, for subsequent

deployment of the prosthetic heart valve 902.

[0188] While holding the native leaflets 1006 with the flexible arms 918, the prosthetic
heart valve 902 can be deployed from the sheath portion 916 of the second catheter 908
by distally advancing the third catheter 910 relative to the first and second catheters 906,
906 such that the prosthetic heart valve 902 is disposed distally relative to the distal end
portions 914, 902 of the first and second catheters 906, 908, respectively. The prosthetic
heart valve 902 can then radially expand (and/or be expanded) from the compressed
configuration to the expanded configuration (e.g., by self-expanding and/or mechanically
expanding), as shown in FIG. 41. The prosthetic heart valve 902 can then be desirably
positioned relative to the native mitral valve 1002 by moving the prosthetic heart valve
902 with the third catheter 910. The prosthetic heart valve 902 can be secured to the
native leaflets 1006 and/or the native mitral valve annulus, for example, using securing

elements 928 (e.g., similar to the projections 36 of the prosthetic valve 10).

[0189] Holding the native leaflets 1006 while the prosthetic heart valve 902 is
deployed, positioned, and/or secured can make it relatively easier for the physician to
quickly, securely, and accurately position the prosthetic heart valve 902 in the native
mitral valve 1002 because the movement of the native leaflets 1006 is restricted. This
can, for example, help to ensure that the securing elements 928 of the prosthetic heart
valve 902 penetrate the tissue of the native leaflets 1006. In addition, the native leaflets
1006 can be drawn toward each other and against the outer surface of the prosthetic heart
valve 902 by decreasing the distance between the flexible arms 918 (through
manipulation of the catheters 906, 908) to enhance the attachment of the securing

elements 928 of the prosthetic heart valve to the native leaflets 1006.

[0190] Once the prosthetic heart valve 902 is secured, the prosthetic heart valve 902
can be released from the third catheter 910, and the distal end portions of the second and
third catheters 908, 910 can be proximally retracted into the sheath portion 912 of the
first catheter 906. The delivery apparatus 904 can then be proximally retracted through

the introducer and removed from the patient’s body.
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[0191] In view of the many possible embodiments to which the principles of the
disclosed invention may be applied, it should be recognized that the illustrated
embodiments are only preferred examples of the invention and should not be taken as
limiting the scope of the invention. Rather, the scope of the invention is defined by the
following claims. We therefore claim as our invention all that comes within the scope

and spirit of these claims.
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What is claimed is:

1. A prosthetic valve assembly for replacing a native heart valve comprising:

a radially expandable and compressible support structure, the support structure
comprising an annular frame having a lumen extending from an inflow end to an outflow
end, the support structure further comprising an annular sealing member extending
radially inwardly into the lumen of the frame and having an inner peripheral portion
defining an orifice; and

a radially expandable and compressible valve component, the valve component
comprising an annular frame and a valve structure supported inside of the frame for
permitting the flow blood through the valve component in one direction and blocking the
flow of blood in the opposite direction;

wherein the valve component is configured to expand within the orifice of the
sealing member and engage the inner peripheral portion of the sealing member when

radially expanded.

2. The prosthetic valve assembly of claim 1, further comprising a flexible,
tubular connector connected at one end to the support structure and at another end to the
valve component, the connector permitting the valve assembly to transition from a first,
axially extended configuration wherein the valve component is outside of the support
structure and a second, axially contracted configuration wherein the valve component is

at least partially within the support structure.

3. The prosthetic valve assembly of any preceding claim, wherein the

sealing member comprises a fabric.

4. The prosthetic valve assembly of any preceding claim, wherein the
support structure comprises a plurality of projections secured to the outside of the frame

of the support structure, the projections having first ends secured to the frame of the
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support structure and second ends formed as barbs for engaging and penetrating tissue of

the native heart valve.

5. The prosthetic valve assembly of any preceding claim, wherein the frames
of the support structure and the valve component are sized such that when the valve
component is expanded within the support structure, a radially and axially extending gap

is defined between the frames along the entire length of the valve component.

6. The prosthetic valve assembly of any preceding claim, wherein there are

no metal components connecting the frames to each other.

7. The prosthetic valve assembly of any preceding claim, wherein the frames

are connected to each other only by fabric.

8. The prosthetic valve assembly of any preceding claim, wherein the
sealing member comprises a first end wall defining a first orifice, a second wall axially
spaced from the first end wall and defining a second orifice, and a tubular, inner sleeve
extending from the first orifice of the first end wall to the second orifice of the second
end wall, and wherein the valve component is configured to be deployed within the inner

sleeve.

9. The prosthetic valve assembly of claim 8, wherein each of the end walls

and the inner sleeve comprises fabric.

10. The prosthetic valve assembly of any of claims 8-9, wherein the sealing
member comprises an outer sleeve extending over the outer surface of the frame of the

support structure from the first end wall to the second end wall.
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11. A prosthetic valve assembly for replacing a native heart valve,
comprising:

a radially expandable and compressible support structure, the support structure
comprising an annular frame having a lumen extending from an inflow end to an outflow
end;

an annular sealing member extending radially inwardly into the lumen of the
frame and having an inner peripheral portion defining an orifice; and

a radially expandable and compressible tubular valve component coupled to the
sealing member inside of the support structure, the valve component comprising a
plurality of leaflets configured to permit the flow blood through the valve component in
one direction and block the flow of blood in the opposite direction,

wherein the sealing member comprises a first end wall defining a first orifice, a
second wall axially spaced from the first end wall and defining a second orifice, and a
tubular, inner sleeve extending from the first orifice of the first end wall to the second
orifice of the second end wall, and wherein the valve component is mounted inside of the

inner sleeve.

12. The prosthetic valve assembly of claim 11, wherein the valve component
comprises an annular frame and the leaflets are mounted inside of the frame of the valve

component.

13. The prosthetic valve assembly of any of claims 11-12, further comprising
a flexible, tubular connector connected at one end to the support structure and at another
end to the valve component, the connector permitting the valve assembly to transition
from a first, axially extending configuration wherein the valve component is outside of
the support structure and a second, axially contracted configuration wherein the valve

component is at least partially within the support structure.

14. The prosthetic valve assembly of any of claims 11-13, wherein the

support structure and the valve component define a radially and axially extending gap
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between the frame, the support structure, and the valve component along the entire
length of the valve component when the support structure and the valve component are

expanded.

15. The prosthetic valve assembly of any claims 11-14, wherein there are no

metal components connecting the frame of the support structure to the valve component.

16. The prosthetic valve assembly of any claims 11-15, wherein the frame of

the support structure and the valve component are connected to each other only by fabric.

17. A prosthetic valve assembly for replacing a native heart valve,
comprising:

a radially expandable and compressible support structure, the support structure
comprising an annular frame having a lumen extending from an inflow end to an outflow
end;

a blood-impermeable tubular sleeve disposed inside of the frame of the support
structure, the sleeve having a lumen extending from an inflow end to an outflow end,
wherein the inflow end of the sleeve is spaced radially inward of the inflow end of the
frame of the support structure; and

a plurality of leaflets supported inside of the sleeve and configured to permit
blood to flow through the valve assembly in one direction and block the flow of blood in

the opposite direction.

18. The prosthetic valve assembly of claim 17, wherein the leaflets are

stitched to the sleeve.

19. The prosthetic valve assembly of claim 17, wherein the leaflets are

supported inside of another annular frame that is disposed within the sleeve.
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20. The prosthetic valve assembly of any of claims 17-19, further comprising
first and second, axially spaced apart, blood-impermeable end walls, the first end wall
extending radially inwardly from the frame of the support structure and having an inner
peripheral edge defining an orifice and secured to the inflow end of the sleeve, the
second end wall extending radially inwardly from the frame of the support structure and
having an inner peripheral edge defining an orifice and secured to the outflow end of the

sleeve.
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