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REPLACEMENT HEART VALVE PROSTHESIS

BACKGROUND
Field

[0001] Embodiments disclosed herein relate generally to prostheses for
implantation within a lumen or body cavity. In particular, certain embodiments relate to
expandable prostheses such as replacement heart valves, such as for the mitral valve, that

are configured to be secured to intralumenal tissue and prevent paravalvular leakage.

Background

[0002] Human heart valves, which include the aortic, pulmonary, mitral and
tricuspid valves, function essentially as one-way valves operating in synchronization
with the pumping heart. The valves allow blood to flow downstream, but block blood
from flowing upstream. Diseased heart valves exhibit impairments such as narrowing of
the valve or regurgitation, which inhibit the valves’ ability to control blood flow. Such
impairments reduce the heart’s blood-pumping efficiency and can be a debilitating and
life threatening condition. For example, valve insufficiency can lead to conditions such
as heart hypertrophy and dilation of the ventricle. Thus, extensive efforts have been
made to develop methods and apparatuses to repair or replace impaired heart valves.

[0003] Prostheses exist to correct problems associated with impaired heart
valves. For example, mechanical and tissue-based heart valve prostheses can be used to
replace impaired native heart valves. More recently, substantial effort has been
dedicated to developing replacement heart valves, particularly tissue-based replacement
heart valves that can be delivered with less trauma to the patient than through open heart
surgery. Replacement valves are being designed to be delivered through minimally
invasive procedures and even percutaneous procedures. Such replacement valves often
include a tissue-based valve body that is connected to an expandable frame that is then
delivered to the native valve’s annulus.

[0004] These replacement valves are often intended to at least partially block
blood flow. However, a problem occurs when blood flows around the valve on the
outside of the prosthesis. For example, in the context of replacement heart valves,

paravalvular leakage has proven particularly challenging. An additional challenge relates
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to the ability of such prostheses to be secured relative to intralumenal tissue, e.g., tissue

within any body lumen or cavity, in an atraumatic manner. Yet another challenge arises

when trying to reduce the likelihood of thrombosis within parts of the replacement valves

and increasing the longevity of the replacement valve. Further challenges arise when

trying to replace an already existing replacement valve with a new replacement valve.
SUMMARY

[0005] Embodiments of the present disclosure are directed to a prosthesis,
such as but not limited to a replacement heart valve. According to some embodiments, a
prosthesis can be configured to be deployed within a body cavity and prevent axial flow
of fluid around an exterior of the prosthesis. The prosthesis can include an expandable
frame configured to radially expand and contract for deployment within the body cavity,
and an annular skirt positioned around an exterior of the expandable frame. The
prosthesis can further include a valve body configured to provide one-way flow through
the prosthesis. The prosthesis can further include a plurality of anchors for securing the
prosthesis to intraluminal tissue such as the native valve anatomy. Further embodiments
are directed to methods of delivering a prosthesis, e.g. a replacement heart valve, and
methods of using a prosthesis to create a barrier to fluid flow exterior to the prosthesis
(e.g., to prevent paravalvular leakage).

[0006] In some embodiments, a prosthesis can include an expandable frame
having a proximal end and a distal end and a longitudinal axis extending therethrough.
The expandable frame can be configured to radially expand and contract for deployment
within a native heart valve. The prosthesis can include a valve body positioned within an
interior of the expandable frame. The valve body can include a plurality of leaflets each
having an arcuate proximal edge and a free distal edge, the plurality of leaflets being
joined at commissures. The plurality of leaflets can be configured to allow flow in a
proximal-to-distal direction and prevent flow in a distal-to-proximal direction. The valve
body can include one or more intermediate components connecting the leaflets to the
expandable frame, wherein at least a portion of the arcuate proximal edge of each leaflet
and/or the commissures are indirectly coupled to the expandable frame via the one or
more intermediate components such that when the frame is in an expanded configuration,

the one or more intermediate components position at least a portion of the arcuate
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proximal edge of each leaflet and/or the commissures radially inward from an inner
surface of the frame.

[0007] In some embodiments, at least a portion of the arcuate proximal edge
of each leaflet can be directly coupled to the expandable frame. In some embodiments,
the one or more intermediate components can be formed from a material having a
stiffness greater than that of the plurality of leaflets and less than that of the expandable
frame. In some embodiments, the one or more intermediate components can be formed
from a sheet of material. In some embodiments, the one or more intermediate
components can be formed from a sheet of at least one of fabric, polyurethane, and
polyethylene terephthalate (PET).

[0008] In some embodiments, the one or more intermediate components can
include a first intermediate component and a second intermediate component. The first
intermediate component can be tensioned in a first direction and the second intermediate
component can be tensioned in a second direction when the frame is in an expanded
configuration. In some embodiments, the first direction can be oriented generally
radially outwardly. In some embodiments, the second direction can be oriented
generally axially. In some embodiments, the second direction can be oriented generally
in a circumferential direction. In some embodiments, the one or more intermediate
components can include a third intermediate component. The first intermediate
component, the second intermediate component, and the third intermediate component
can form a pocket at or proximate a commissure of the valve body.

[0009] In some embodiments, the one or more intermediate components can
include a cylindrical conduit. In some embodiments, at least one of the one or more
intermediate components can extend in a radial direction between the expandable frame
and the plurality of leaflets. In some embodiments, at least one of the one or more
intermediate components can extend tangentially to the plurality of leaflets. In some
embodiments, at least one of the one or more intermediate components extends in a
direction generally aligned with the longitudinal axis of the frame. In some
embodiments, at least one of the one or more intermediate components extends in
circumferential direction. In some embodiments, the prosthesis can include an annular

skirt extending around the exterior of the expandable frame. In some embodiments, a
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proximal end of the annular skirt is attached to a proximal region of the expandable
frame and a distal end of the annular skirt is attached to a distal region of the expandable
frame. In some embodiments, an intermediate region of the frame can have a diameter
greater than a diameter of the proximal region and/or a diameter of the distal region.

[0010] In some embodiments, a prosthesis can include an expandable frame
configured to radially expand and contract for deployment within a native heart valve.
The expandable frame can include a proximal end and a distal end and a longitudinal
axis extending therethrough. The expandable frame can include a supplemental
prosthesis retention structure. The prosthesis can include a valve body positioned within
an interior of the expandable frame. The valve body can include a plurality of leaflets
configured to allow flow in a first direction and prevent flow in a second opposite
direction.

[0011] In some embodiments, the supplemental prosthesis retention structure
can include an interfacing structure. The interfacing structure can include a plurality of
V-shaped apices extending radially inward towards the longitudinal axis. The plurality
of V-shaped apices can be configured to couple with a frame of a supplemental
prosthesis. In some embodiments, the supplemental prosthesis retention structure can
include an interfacing structure. The interfacing structure can include a plurality of
protrusions extending radially inwardly from distal portions of cells of the expandable
frame. In some embodiments, the supplemental prosthesis retention structure can
include an internal expandable cage which can be configured to receive a supplemental
prosthesis. In some embodiments, the internal expandable cage can include a plurality of
circumferentially-expansible struts.

[0012] In some embodiments, a prosthesis can include an expandable frame
which can be configured to radially expand and contract for deployment within a native
heart valve. The expandable frame can include a frame body which can include a
proximal region, a distal region, an intermediate region extending between the proximal
and distal regions, and a longitudinal axis extending between proximal and distal ends of
the frame body. The frame body can include a plurality of struts forming one or more
rows of cells. The proximal region can include a first bend adjacent the intermediate

region. A proximally extending portion of the first bend can be inclined or curved
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towards the longitudinal axis. The distal region can include a second bend adjacent the
intermediate region. A distally extending portion of the second bend can be inclined or
curved towards the longitudinal axis. The intermediate region can have a generally
cylindrical shape. A diameter of the intermediate region can be greater than a diameter
of the proximal region and a diameter of the distal region. A height of the intermediate
region can be greater than a height of the proximal region and a height of the distal
region.

[0013] The prosthesis can include a proximal anchoring feature attached to
the frame body. The proximal anchoring feature can be sized to be positioned on a first
side of an annulus of the native heart valve. The prosthesis can include a distal
anchoring feature attached to the frame body. The distal anchoring feature can be sized
to be positioned on a second side of an annulus of the native heart valve. The prosthesis
can include a valve body positioned within an interior of the expandable frame, the valve
body comprising a plurality of leaflets configured to allow flow in a first direction and
prevent flow in a second opposite direction.

[0014] In some embodiments, when the expandable frame is in an expanded
configuration, the height of the distal region can be greater than the height of the
proximal region. In some embodiments, when the expandable frame is in an expanded
configuration, a ratio of a largest diameter of the frame body to the height of the frame
body can be between about 3:1 to about 1:1. In some embodiments, when the expandable
frame is in an expanded configuration, a ratio of a largest diameter of the frame body to
the height of the frame body can be between about 2:1 to about 3:2. In some
embodiments, when the expandable frame is in an expanded configuration, a ratio of the
height of the intermediate region to the combined heights of the proximal region and the
distal region can be between about 2:1 to about 1:2. In some embodiments, when the
expandable frame is in an expanded configuration, a ratio of the height of the
intermediate region to the combined heights of the proximal region and the distal region
can be between about 3:2 to about 1:1. In some embodiments, when the expandable
frame is in an expanded configuration, a ratio of a largest diameter of the frame body to a

smallest diameter of the frame body can be between about 2:1 to about 4:3.
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[0015] In some embodiments, when the expandable frame is in an expanded
configuration, the first bend can orient a portion of the proximal region, positioned
proximally of the beginning of the first bend, such that the portion forms an angle of
between about 30 degrees to about 60 degrees with a plane orthogonal to the longitudinal
axis. In some embodiments, when the expandable frame is in an expanded
configuration, the first bend can orient a portion of the proximal region, positioned
proximally of the beginning of the first bend, such that the portion forms an angle of
between about 40 degrees to about 50 degrees with a plane orthogonal to the longitudinal
axis. In some embodiments, when the expandable frame is in an expanded
configuration, the second bend can orient a portion of the distal region, positioned
distally of the beginning of the second bend, such that the portion forms an angle of
between about 30 degrees to about 60 degrees with a plane orthogonal to the longitudinal
axis. In some embodiments, when the expandable frame is in an expanded
configuration, the second bend can orient a portion of the distal region, positioned
distally of the beginning of the second bend, such that the portion forms an angle of
between about 40 degrees to about 50 degrees with a plane orthogonal to the longitudinal
axis.

[0016] In some embodiments, the proximal anchoring feature can be attached
to the proximal region of the frame body. In some embodiments, the proximal anchoring
feature can include a plurality of anchors. In some embodiments, at least one of the
anchors can include one or more eyelets. In some embodiments, at least one of the
anchors can include two or more eyelets. In some embodiments, the distal anchoring
feature can be attached to the distal region of the frame body. In some embodiments, the
distal anchoring feature can include a plurality of distal anchors. In some embodiments,
when the expandable frame is in an expanded configuration, at least one of the distal
anchors can include ends extending radially outwardly away from the longitudinal axis.
In some embodiments, when the expandable frame is in an expanded configuration, at
least one of the distal anchors can include ends extending radially outwardly away from
the longitudinal axis in a direction generally perpendicular to the longitudinal axis. In
some embodiments, when the expandable frame is in an expanded configuration, all of

the distal anchors can include ends extending radially outwardly away from the
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longitudinal axis. In some embodiments, when the expandable frame is in an expanded
configuration, at least one of the distal anchors can include ends extending radially
inwardly towards the longitudinal axis. In some embodiments, when the expandable
frame is in an expanded configuration, at least one of the distal anchors can include ends
extending radially inwardly towards the longitudinal axis in a direction generally
perpendicular to the longitudinal axis. In some embodiments, when the expandable
frame is in an expanded configuration, all of the distal anchors can include ends
extending radially inwardly towards the longitudinal axis.

[0017] In some embodiments, the expandable frame further can include a
plurality of locking tabs. In some embodiments, the locking tabs can include a bend in a
direction opposite the first bend.

[0018] In some embodiments, the valve body further can include one or more
intermediate components. At least a portion of each leaflet can be indirectly coupled to
the expandable frame via the one or more intermediate components such that at least a
portion of each leaflet is positioned radially inward from an inner surface of the frame
body. In some embodiments, commissures of the valve body can be indirectly coupled
to the expandable frame via the one or more intermediate components such that the
commissures are positioned radially inward from the inner surface of the frame body. In
some embodiments, at least a portion of an arcuate proximal edge of each leaflet can be
indirectly coupled to the frame via the one or more intermediate components such that
the arcuate proximal edge is positioned radially inward from the inner surface of the
frame body. In some embodiments, at least a portion of an arcuate proximal edge of
each leaflet can be directly coupled to the expandable frame.

[0019] In some embodiments, the one or more intermediate components can
be formed from a material having a stiffness greater than that of the plurality of leaflets
and less than that of the expandable frame. In some embodiments, the one or more
intermediate components can include a first intermediate component and a second
intermediate component. The first intermediate component can be tensioned in a first
direction and the second intermediate component can be tensioned in a second direction
when the frame is in an expanded configuration. In some embodiments, the first

direction can be oriented generally radially outward. In some embodiments, the second
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direction can be oriented generally axially. In some embodiments, the second direction
can be oriented generally in a circumferential direction.

[0020] In some embodiments, the one or more intermediate components can
include a third intermediate component. The first intermediate component, the second
intermediate component, and the third intermediate component can form a pocket at or
proximate a commissure of the valve body. In some embodiments, the one or more
intermediate components can include a cylindrical conduit. In some embodiments, at
least one of the one or more intermediate components can extend in a radial direction
between the expandable frame and the plurality of leaflets. In some embodiments, at
least one of the one or more intermediate components can extend tangentially to the
plurality of leaflets. In some embodiments, at least one of the one or more intermediate
components can extend in a direction generally aligned with the longitudinal axis of the
frame. In some embodiments, at least one of the one or more intermediate components
can extend in circumferential direction.

[0021] In some embodiments, the prosthesis can include an annular skirt
extending around the exterior of the expandable frame. In some embodiments, a
proximal end of the annular skirt is attached to the proximal region of the frame body
and a distal end of the annular skirt is attached to the distal region of the frame body.

[0022] In some embodiments, the prosthesis can include an expandable frame
having a proximal end and a distal end and a longitudinal axis extending therethrough.
The frame can be configured to radially expand and contract for deployment within a
native heart valve. The prosthesis can include a valve body positioned within an interior
of the expandable frame. The valve body can include a plurality of leaflets which can be
configured to allow flow in a first direction and prevent flow in a second opposite
direction. The prosthesis can include an annular skirt extending around the exterior of
the expandable frame.

[0023] In some embodiments, the valve body can include one or more
intermediate components. In some embodiments, at least one of the valve body and the
annular skirt can include one or more openings which can be configured to allow at least
one of: fluid ingress into a space between the valve leaflets and the annular skirt, and

fluid egress out of the space between the valve leaflets and the annular skirt. In some

Date Regue/Date Received 2020-04-17



-9.

embodiments, the one or more openings can be configured to allow fluid ingress into the
space between the valve leaflets and the annular skirt when fluid flow is in the first
direction. In some embodiments, the one or more openings can be configured to allow
fluid egress out of the space between the valve leaflets and the annular skirt when fluid
flow is in the second direction. In some embodiments, at least one of the one or more
openings can be positioned within an area of the annular skirt between a first edge of a
valve leaflet and the annular skirt.

[0024] In some embodiments, the prosthesis can include one or more
conduits extending into the one or more openings. In some embodiments, the
expandable frame can include an anchoring member sized and shaped to be positioned
on an inflow side of a native valve annulus. In some embodiments, the one or more
conduits can be configured to extend proximal of the anchoring member. In some
embodiments, the anchoring member can be positioned along a proximal portion of the
expandable frame.

|0025] In some embodiments, the inflow side of the native valve annulus is
an atrial side of the native mitral valve annulus.

[0026] In some embodiments, when the annular skirt is in an expanded
configuration, the annular skirt comprises a supplemental rib extending from a portion of
the annular skirt. In some embodiments, when the annular skirt is in an expanded
configuration, a proximal portion of the annular skirt bulges radially outward relative to
the distal portion of the annular skirt. In some embodiments, when the annular skirt is in
an expanded configuration, a distal portion of the annular skirt bulges radially outward
relative to the proximal portion of the annular skirt. In some embodiments, when the
annular skirt is in an expanded configuration, the annular skirt extends around the entire
circumferential periphery of the frame to a generally equivalent radial dimension. In
some embodiments, the annular skirt extends to different radial dimensions with a first
peripheral region extending to a first radial dimension and a second peripheral region
extending to a second radial dimension greater than the first radial dimension.

[0027] In some embodiments, the prosthesis can include one or more biasing

members which can be configured to bias the skirt into an expanded configuration. In
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some embodiments, the one or more biasing members can include a radial spring. In
some embodiments, the one or more biasing members can include a cantilever.

[0028] In some embodiments, the annular skirt can be configured to transition
into an expanded configuration via blood flow into the annular skirt. In some
embodiments, the prosthesis can include a one-way valve configured to allow blood flow
into the annular skirt and inhibit blood flow out of the annular skirt. In some
embodiments, the one-way valve can be positioned on a valve skirt, the valve skirt being
positioned between the plurality of leaflets and the annular skirt. In some embodiments,
the one-way valve can include a flap positioned on an exterior of the valve skirt. In
some embodiments, the one-way valve can include a duckbill valve. In some
embodiments, the one-way valve can be configured to allow blood flow into the annular
skirt during systole and inhibit blood flow out of the annular skirt during diastole.

[0029] In some embodiments, the prosthesis can be a replacement mitral
valve prosthesis, the expandable frame being configured for deployment within a native
mitral valve.

[0030] In some embodiments, the prosthesis can include six distal anchors.
In some embodiments, the prosthesis can include twelve distal anchors.

[0031] In some embodiments, the prosthesis can include an expandable frame
which can be configured to radially expand and contract for deployment within a native
heart valve. The expandable frame can include a frame body having a proximal region, a
distal region, and an intermediate region extending between the proximal and distal
regions. The frame body can include a first row of struts and a second row of struts. The
expandable frame can include a supplemental frame having a first row of struts. The first
row of struts can be configured to be generally aligned along the first row of struts of the
frame body. The first row of struts of the supplemental frame can have a size and/or
shape which generally matches the size and/or shape of the first row of struts of the
frame body.

[0032] The expandable frame can include a distal anchoring feature. The
distal anchoring feature can be sized to be positioned on a first side of an annulus of the
native heart valve. For example, the distal anchoring feature can be positioned on a

ventricular side of a native mitral valve annulus. The expandable frame can include a
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valve body positioned within an interior of the expandable frame. The valve body can
include a plurality of leaflets which can be configured to allow flow in a first direction
and prevent flow in a second opposite direction.

[0033] In some embodiments, the supplemental frame can be formed
separately from the frame body. In some embodiments, the first row of struts of the
supplemental frame can be configured to be attached to at least a portion of the first row
of struts of the frame body. In some embodiments, the first row of struts of the
supplemental frame can be attached to the first row of struts of the frame body via
sutures. In some embodiments, the first row of struts of the supplemental frame and the
first row of struts of the frame body can have an undulating shape.

[0034] In some embodiments, the first row of struts of the supplemental
frame can be configured to be positioned radially inwardly of the first row of struts of the
frame body. In some embodiments, the first row of struts of the supplemental frame can
be configured to be positioned radially outwardly of the first row of struts of the frame
body. In some embodiments, the distal anchoring feature can extend from the frame
body. In some embodiments, the distal anchoring feature can extend distally from the
frame body. In some embodiments, the distal anchoring feature can extend from the
supplemental frame.

[0035] In some embodiments, the supplemental frame can include a second
row of struts. The first and second rows of struts of the supplemental frame can form
cells. In some embodiments, the second row of struts of the supplemental frame can
have an undulating shape. In some embodiments, the second row of struts of the
supplemental frame can be configured to extend distally of the frame body.

[0036] In some embodiments, the expandable frame can include a proximal
anchoring feature. The proximal anchoring feature can be sized to be positioned on a
second side of the annulus of the native heart valve. For example, the proximal
anchoring feature can be positioned on an atrial side of a native mitral valve annulus. In
some embodiments, the proximal anchoring feature can include a first row of struts. The
first row of struts can be configured to be generally aligned along the second row of
struts of the frame body. The first row of struts of the proximal anchoring feature can

have a size and/or shape which generally matches the size and/or shape of the second
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row of struts of the frame body. In some embodiments, the proximal anchoring feature
can be formed separately from the frame body. In some embodiments, the first row of
struts of the proximal anchoring feature can be configured to be attached to at least a
portion of the second row of struts of the frame body. In some embodiments, the first
row of struts of the proximal anchoring feature can be attached to the second row of
struts of the frame body via sutures. In some embodiments, the first row of struts of the
proximal anchoring feature and the second row struts of cells of the frame body can have
an undulating shape.

[0037] In some embodiments, the first row of struts of the proximal
anchoring feature can be configured to be positioned radially outwardly of the second
row of struts of the frame body. In some embodiments, the first row of struts of the
proximal anchoring feature can be configured to be positioned radially inwardly of the
second row of struts of the frame body. In some embodiments, the proximal anchoring
feature can include a second row of struts. The first and second rows of struts of the
proximal anchoring feature can form cells. In some embodiments, the second row of
struts of the proximal anchoring feature can have an undulating shape. In some
embodiments, the second row of struts of the proximal anchoring feature can be
configured to be generally aligned along a third row of struts of the frame body. The
second row of struts of the proximal anchoring feature can have a size and/or shape
which generally matches the size and/or shape of the third row of struts of the frame
body.

[0038] In some embodiments, the prosthesis can include a plurality of locking
tabs. In some embodiments, at least some of the locking tabs can extend from the frame
body. In some embodiments, at least some of the locking tabs can extend from the frame
body. In some embodiments, at least some of the locking tabs can extend from the frame
body and at least some of the locking tabs can extend from the proximal anchoring
feature. The locking tabs of the proximal anchoring feature can be configured to be
generally aligned along the locking tabs of the frame body. The locking tabs of the
proximal anchoring feature can have a size and/or shape which generally matches the

size and/or shape of the locking tabs of the frame body.
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[0039] In some embodiments, the distal anchoring feature can include a
plurality of distal anchors, at least one of the distal anchors can include two or more
prongs. In some embodiments, the two or more prongs can be movable in a lateral
direction relative to each other. In some embodiments, a lateral dimension of the distal
anchor having two or more prongs can increase when the expandable frame transitions to
an expanded configuration. In some embodiments, the two or more prongs can be
movable in a radial direction relative to each other. In some embodiments, a radial offset
of the two or more prongs can increase when the expandable frame transitions to an
expanded configuration.

[0040] In some embodiments, the distal anchoring feature includes one or
more anchors configured to be movable in an axial direction relative to the frame body.
In some embodiments, the distal anchoring feature includes one or more anchors having
an insert. In some embodiments, the insert can be configured to extend radially
outwardly relative to the frame body when the expandable frame is in an expanded
configuration. In some embodiments, the insert can include a platform. The platform
can be configured to extend radially and/or laterally outwardly relative to the distal
anchor when the expandable frame is in an expanded configuration.

[0041] In some embodiments, at least one of the distal anchors can include a
strut which bifurcates into two or more struts proximate a base of the distal anchor.

[0042] In some embodiments, the plurality of leaflets can each have an
arcuate proximal edge and a free distal edge. The plurality of leaflets can be joined at
commissures. The plurality of leaflets can be configured to allow flow in a proximal-to-
distal direction and prevent flow in a distal-to-proximal direction.

[0043] In some embodiments, the valve body can include one or more
intermediate components connecting the leaflets to the expandable frame. The one or
more intermediate components can connect the leaflets to the expandable frame. At least
a portion of the arcuate proximal edge of each leaflet and/or the commissures can be
indirectly coupled to the expandable frame via the one or more intermediate components
such that when the frame is in an expanded configuration, the one or more intermediate
components position at least a portion of the arcuate proximal edge of each leaflet and/or

the commissures radially inward from an inner surface of the expandable frame
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[0044] In some embodiments, the one or more intermediate components can
form a generally tangent surface with the expandable frame when the valve body is
closed to prevent flow in the second direction. In some embodiments, the one or more
intermediate components can form an angle between about 120° to about 195° with the
expandable frame when the valve body is closed to prevent flow in the second direction.
In some embodiments, the one or more intermediate components can form an angle
between about 140° to about 190° with the expandable frame when the valve body is
closed to prevent flow in the second direction. In some embodiments, the one or more
intermediate components form an angle between about 160° to about 185° with the
expandable frame when the valve body is closed to prevent flow in the second direction.
In some embodiments, the one or more intermediate components can form an angle of
about 180° with the expandable frame when the valve body is closed to prevent flow in
the second direction.

[0045] In some embodiments, the prosthesis can include an annular skirt.
The annular skirt can be at least partially formed from a material which can allow blood
to flow therethrough. In some embodiments, the material can be a partially porous cloth.
In some embodiments, the material can include one or more holes formed therethrough.
In some embodiments, the material can be configured such that, after deployment at the
native heart valve, a rate of blood flow through the material decreases. In some
embodiments, the skirt can include a hydrogel which can reduce the rate of blood flow

through the material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] These and other features, aspects and advantages are described below
with reference to the drawings, which are intended to illustrate embodiments of
prostheses including embodiments of various components of these prostheses.

[0047] FIGURE 1 is a side-oriented cross-sectional schematic view of an
embodiment of a frame, a plurality of anchors, an annular skirt, and a floating valve.

[0048] FIGURE 2 is a top-oriented perspective view of another embodiment
of a frame, a plurality of anchors, an annular skirt, and a valve body.

[0049] FIGURE 3 is a side view of the prosthesis of FIGURE 2.
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FIGURE 2.

[0051]
frame.

[0052]
a frame.

[0053]

[0054]

[0055]
frame.

[0056]

[0057]

ventricular anchor.

[0058]

of FIGURE 10.

[0059]
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FIGURE 4 is a bottom-oriented perspective view of the prosthesis of
FIGURE 5A is a side view of the front-half of an embodiment of a
FIGURE 5B is a side view of the front-half of another embodiment of
FIGURE 6 is a side view of another embodiment of a frame.

FIGURE 7 is a flat, cutting pattern for the frame of FIGURE 6.

FIGURE 8 is a flat, cutting pattern for another embodiment of a

FIGURE 9 1s a side view of another embodiment of a frame.

FIGURE 10 is a side-oriented schematic view of an embodiment of a

FIGURE 11 is a top-oriented schematic view of the ventricular anchor

FIGURE 12 is a side-oriented schematic view of another embodiment

of a ventricular anchor.

[0060]

of FIGURE 12.

[0061]

floating valve.

[0062]

FIGURE 13 is a top-oriented schematic view of the ventricular anchor

FIGURE 14 is a side-oriented schematic view of an embodiment of a

FIGURE 15 1is a cross-sectional schematic view of another

embodiment of a floating valve.

[0063]

portion of a frame.

[0064]

FIGURE 16 is a perspective schematic view of an embodiment of a

FIGURE 17 is a cross-sectional schematic view of the frame of

FIGURE 16 with a floating valve attached.

[0065]

FIGURE 18 is a top-oriented perspective view of an embodiment of a

frame and floating valve.

[0066]

FIGURE 19A is a flat, cutting pattern for various components of

another embodiment of a floating valve.
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[0067] FIGURE 19B is a bottom-oriented perspective view of an
embodiment of a frame with the floating valve of FIGURE 19A.

[0068] FIGURE 19C is a cross-sectional schematic of the floating valve of
FIGURE 19A.

[0069] FIGURE 20 is a side-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0070] FIGURE 21 is a top-oriented cross-sectional schematic view of the
frame and floating valve of FIGURE 20.

[0071] FIGURE 22 is a side-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0072] FIGURE 23 is a top-oriented cross-sectional schematic view of the
frame and floating valve of FIGURE 22.

[0073] FIGURE 24 is a side-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0074] FIGURE 25 i1s a side-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0075] FIGURE 26 is a top-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0076] FIGURE 27 is a top-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0077] FIGURE 28 is a top-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0078] FIGURE 29 is a top-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0079] FIGURE 30 is a side-oriented cross-sectional schematic view of
another embodiment of a frame and floating valve.

[0080] FIGURE 31 is a schematic view of an embodiment of a portion of a
frame.

[0081] FIGURE 32 is a side-oriented cross-sectional schematic view of

another embodiment of a frame and floating valve.
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[0082] FIGURE 33 is a side-oriented schematic view of an embodiment of a
frame in which a supplemental prosthesis has been attached.

[0083] FIGURE 34 is a side-oriented schematic view of another embodiment
of a frame.

[0084] FIGURE 35 is a side-oriented schematic view of another embodiment
of a frame.

[0085] FIGURE 36 is a side-oriented schematic view of another embodiment
of a frame.

[0086] FIGURE 37 is a side-oriented schematic view of another embodiment
of a frame.

[0087] FIGURE 38 is a cross-sectional schematic view of an embodiment of
a frame, a plurality of anchors, an annular skirt, and a floating valve.

[0088] FIGURE 39 1is a cross-sectional schematic view of another
embodiment of a frame, a plurality of anchors, an annular skirt, and a floating valve.

|0089] FIGURE 40 1s a cross-sectional schematic view of another
embodiment of a frame, a plurality of anchors, an annular skirt, and a floating valve.

[0090] FIGURE 41A-43 illustrate schematic representations of the prosthesis
of Figure 3 positioned within a heart, with FIGURES 41A-41C illustrating the prosthesis
in situ with distal anchors contacting the ventricular side of a mitral valve annulus,
FIGURES 42A-42B illustrating the prosthesis in situ with distal anchors not contacting
the ventricular side of the mitral valve annulus, and FIGURE 43 illustrating the
prosthesis in situ with distal anchors not extending between the chordae tendineae.

[0091] FIGURE 44 is an atrial-oriented, view of an embodiment of a frame, a
plurality of anchors, an annular skirt, and a floating valve implanted within a native
mitral valve.

[0092] FIGURE 45 is a ventricular-oriented, view of the frame, a plurality of
anchors, an annular skirt, and a floating valve of FIGURE 44 implanted within a native
mitral valve.

[0093] FIGURE 46 is a cross-sectional view of a distal end of an embodiment

of a delivery system loaded with an embodiment of a prosthesis.
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[0094] FIGURE 47 is a cross-sectional view of a distal end of another
embodiment of a delivery system loaded with another embodiment of a prosthesis.

[0095] FIGURES 48 and 49 illustrate schematic representations of an
embodiment of a prosthesis positioned within a heart.

[0096] FIGURE 50 illustrates a schematic representation of the valve body of
the prosthesis of FIGURES 48 and 49.

[0097] FIGURES 51-53 illustrate schematics of embodiments of shapes of
openings in skirts.

[0098] FIGURES 54 and 55 illustrate schematic representations of another
embodiment of a prosthesis positioned within a heart.

[0099] FIGURE 56 illustrates a front view of an embodiment of a prosthesis,
the prosthesis having a skirt with an opening.

[0100] FIGURE 57 illustrates a side view of the prosthesis of FIGURE 56.

[0101] FIGURE 58 illustrates a side-oriented cross-sectional schematic view
of an embodiment of a frame and skirt.

[0102] FIGURE 59 illustrates a perspective-oriented, exploded schematic of
the annular skirt of FIGURE 58.

[0103] FIGURE 60 illustrates a side-oriented cross-sectional schematic view
of the frame and skirt of FIGURE 58 in a first configuration.

[0104] FIGURE 61 illustrates a side-oriented cross-sectional schematic view
of the frame and skirt of FIGURE 58 in a second configuration.

[0105] FIGURE 62 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0106] FIGURE 63 illustrates a perspective-oriented, exploded schematic of
the annular skirt of FIGURE 62.

[0107] FIGURE 64 illustrates a side-oriented cross-sectional schematic view
of the frame and skirt of FIGURE 62 in a first configuration.

[0108] FIGURE 65 illustrates a side-oriented cross-sectional schematic view
of the frame and skirt of FIGURE 62 in a second configuration.

[0109] FIGURE 66 illustrates a side-oriented cross-sectional schematic view

of another embodiment of a frame and skirt.
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[0110] FIGURE 67 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0111] FIGURE 68 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0112] FIGURE 69 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0113] FIGURE 70 illustrates a perspective view of an embodiment of a
frame, a plurality of anchors, and a skirt.

[0114] FIGURE 71 illustrates a top-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0115] FIGURE 72 illustrates a top-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0116] FIGURE 73 illustrates a top-oriented cross-sectional schematic view
of another embodiment of a frame and skirt.

[0117] FIGURE 74 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame, skirt, and a valve body.

[0118] FIGURE 75 illustrates a perspective-oriented schematic view of
another embodiment of a skirt having one-way valves.

[0119] FIGURE 76 illustrates a perspective-oriented schematic view of the
skirt of FIGURE 75 with a one-way valve in an open configuration.

[0120] FIGURE 77 illustrates a perspective-oriented schematic view of the
skirt of FIGURE 75 with a one-way valve in a closed configuration.

[0121] FIGURE 78 illustrates a side-oriented cross-sectional schematic view
of an embodiment of a frame, a skirt, and a biasing member.

[0122] FIGURE 79 illustrates a top-oriented cross-sectional schematic view
of the frame, skirt, and biasing member of FIGURE 78.

[0123] FIGURE 80 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame, a skirt, and a biasing member.

[0124] FIGURE 81 illustrates a side-oriented cross-sectional schematic view

of another embodiment of a frame, a skirt, and a biasing member.
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[0125] FIGURE 82 illustrates a top-oriented cross-sectional schematic view
of the frame, skirt, and biasing member of FIGURE 80.

[0126] FIGURE 83 illustrates a front view of an embodiment of an anchoring
feature.

[0127] FIGURE 84 illustrates a side view of the anchoring feature of
FIGURE 83.

[0128] FIGURE 85 illustrates a side view of another embodiment of an
anchoring feature

[0129] FIGURE 86 illustrates a top view of an embodiment of an anchoring
feature, the anchoring feature being in a first configuration.

[0130] FIGURE 87 illustrates a front view of the anchoring feature of
FIGURE 86, the anchoring feature being in a first configuration.

[0131] FIGURE 88 illustrates a top view of the anchoring feature of FIGURE
86, the anchoring feature being in a second configuration.

[0132] FIGURE 89 illustrates a front view of the anchoring feature of
FIGURE 86, the anchoring feature being in a second configuration.

[0133] FIGURE 90 illustrates a side view of the anchoring feature of
FIGURE 86, the anchoring feature being in a second configuration.

[0134] FIGURE 91 illustrates a front view of another embodiment of an
anchoring feature, the anchoring feature being in a first configuration.

[0135] FIGURE 92 illustrates a front view of the anchoring feature of
FIGURE 91, the anchoring feature being in a second configuration.

[0136] FIGURE 93 illustrates a front view of another embodiment of an
anchoring feature, the anchoring feature being in a first configuration.

[0137] FIGURE 94 illustrates a front view of the anchoring feature of
FIGURE 93, the anchoring feature being in a second configuration.

[0138] FIGURE 95 illustrates a top view of another embodiment of an
anchoring feature, the anchoring feature being in a first configuration.

[0139] FIGURE 96 illustrates a front view of the anchoring feature of
FIGURE 95, the anchoring feature being in a first configuration.
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[0140] FIGURE 97 illustrates a top view of the anchoring feature of FIGURE
95, the anchoring feature being in a second configuration.

[0141] FIGURE 98 illustrates a front view of the anchoring feature of
FIGURE 95, the anchoring feature being in a second configuration.

[0142] FIGURE 99 illustrates a side view of the anchoring feature of
FIGURE 95, the anchoring feature being in a second configuration.

[0143] FIGURE 100 illustrates a perspective view of an embodiment of a
combined anchoring feature having a base anchor and an insert.

[0144] FIGURE 101 illustrates a top view of the combined anchoring feature
of FIGURE 100.

[0145] FIGURE 102 illustrates a front view of the combined anchoring
feature of FIGURE 100.

[0146] FIGURE 103 illustrates a side view of the combined anchoring feature
of FIGURE 100.

[0147] FIGURE 104 illustrates a top view of the insert of the combined
anchoring feature of FIGURE 100.

[0148] FIGURE 105 illustrates a front view of the insert of the combined
anchoring feature of FIGURE 100.

[0149] FIGURE 106 illustrates a side view of the insert of the combined
anchoring feature of FIGURE 100.

[0150] FIGURE 107 illustrates a cross-sectional schematic of a delivery
system having anchoring features positioned therein.

[0151] FIGURE 108 illustrates a flat pattern of an embodiment of a frame.

[0152] FIGURE 109A illustrates a flat pattern of another embodiment of a
frame.

[0153] FIGURE 109B illustrates a schematic of a native mitral valve.

[0154] FIGURE 110 illustrates a perspective view of an embodiment of a
frame having an adjustable anchoring feature.

[0155] FIGURE 111 illustrates a perspective view of a portion of the frame
of FIGURE 110.
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[0156] FIGURE 112 illustrates a side-oriented cross-sectional schematic view
of an embodiment of a frame.

[0157] FIGURE 113 illustrates a front-oriented schematic view of the frame
of FIGURE 112.

[0158] FIGURE 114 illustrates a top-oriented schematic view of the frame of
FIGURE 112.

[0159] FIGURE 115 illustrates a side-oriented cross-sectional schematic view
of another embodiment of a frame.

[0160] FIGURE 116 illustrates a front-oriented schematic view of the frame
of FIGURE 115.

[0161] FIGURE 117 illustrates a top-oriented schematic view of the frame of
FIGURE 115.

[0162] FIGURE 118 is a side-oriented cross-sectional schematic view of an
embodiment of a frame, a plurality of anchors, an annular skirt, and a floating valve, the
components being a first configuration.

[0163] FIGURE 119 is a side-oriented cross-sectional schematic view of the
components of FIGURE 118, the components being in a second configuration.

[0164] FIGURE 120 is a top-oriented perspective view of another
embodiment of a frame, a plurality of anchors, an annular skirt, and a valve body.

[0165] FIGURE 121 is a bottom-oriented perspective view of the components
of FIGURE 120.

[0166] FIGURE 122 is a side view of a front-half of another embodiment of a
frame and a plurality of anchors.

[0167] FIGURE 123 is a close-up view of the components of FIGURE 122.

[0168] FIGURE 124 is a flat pattern of an embodiment of a frame having
multiple frame components.

[0169] FIGURE 125 is a flat, cutting pattern for the frame components of
FIGURE 124.

[0170] FIGURE 126 is a flat pattern of another embodiment of a frame

having multiple frame components.
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[0171] FIGURE 127 is a flat, cutting pattern for the frame components of
FIGURE 126.

[0172] FIGURE 128 is a flat pattern of another embodiment of a frame
having multiple frame components.

[0173] FIGURE 129 is a flat, cutting pattern for the frame components of
FIGURE 128.

[0174] FIGURE 130 is a side view of a front-half of another embodiment of a
frame having multiple frame components.

[0175] FIGURE 131 is a top-oriented perspective view of the frame
components of FIGURE 130.

DETAILED DESCRIPTION

[0176] The present specification and drawings provide aspects and features of
the disclosure in the context of several embodiments of prostheses, replacement heart
valves, and methods that are configured for use in the vasculature of a patient, such as for
replacement of natural heart valves in a patient. These embodiments may be discussed in
connection with replacing specific valves such as the patient’s mitral valve. However, it
is to be understood that the features and concepts discussed herein can be applied to
replacing other types of valves including, but not limited to, the aortic valve, the
pulmonary valve, and the tricuspid valve. Moreover, it is to be understood that the
features and concepts discussed herein can be applied to products other than heart valve
implants. For example, the controlled positioning, deployment, and/or securing features
described herein can be applied to medical implants, for example other types of
expandable prostheses, for use elsewhere in the body, such as within a vein, or the like.
In addition, particular features of a prosthesis should not be taken as limiting, and
features of any one embodiment discussed herein can be combined with features of other
embodiments as desired and when appropriate.

[0177] Certain terminology may be used in the following description for the
purpose of reference only, and thus are not intended to be limiting. For example, terms
such as “upper”, “lower”, “upward”, “downward”, “above”, “below”, “top”, “bottom”

and similar terms refer to directions in the drawings to which reference is made. Terms
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such as “proximal”, “distal”, “radially outward”, “radially inward,” and “side” describe
the orientation and/or location of portions of the components or elements within a
consistent but arbitrary frame of reference which is made clear by reference to the text
and the associated drawings describing the components or elements under discussion.
Such terminology may include the words specifically mentioned above, derivatives
thereof, and words of similar import. Similarly, the terms “first”, “second”, and other
such numerical terms referring to structures neither imply a sequence or order unless
clearly indicated by the context.

[0178] In some embodiments, the term “proximal” may refer to the parts of
the prostheses, or components thereof, which are located closer to the operator of the
device and system (e.g., the clinician implanting the prosthesis). The term “distal” may
refer to the parts of the prostheses, or components thereof, which are located further from
the operator of the device and system (e.g., the clinician implanting the prosthesis).
However, it is to be understood that this terminology may be reversed depending on the

delivery technique utilized (e.g., a transapical approach as compared to a transseptal

approach).

Overview of Replacement Valves

[0179] With reference to Figures 1-4, embodiments of prostheses 100, 200
are illustrated. The illustrated prostheses 100, 200 may include components which are
self-expanding or balloon expandable. The prostheses 100, 200, as well as other
prostheses described herein, may be replacement valves that can be designed to replace a
damaged or diseased native heart valve such as a mitral valve, as discussed above. It
should be understood that the prostheses 100, 200, as well as other prostheses described
herein, are not limited to being a replacement valve.

[0180] With reference first to the prosthesis 100 illustrated in Figure 1, the
prosthesis 100 includes a frame 120, a valve body 140, and a skirt 160. The frame 120
can be self-expanding or balloon expandable. The frame 120 provides a structure to
which various components of the prosthesis 100 can be attached. As shown in the
illustrated embodiment, the frame 120 includes a frame body 122, a first anchoring

feature 124, and a second anchoring feature 126. As shown in the illustrated

Date Regue/Date Received 2020-04-17



-25.-

embodiment, the frame body 122 includes an upper region 127, an intermediate region
128, and a lower region 129. The intermediate region 128 can have a larger diameter
than the upper region 127 and/or the lower region 129. In some embodiments, the frame
120 is oriented such that the upper region 127 is a proximal portion and the lower region
129 is a distal portion. The frame 120 can be formed from many different materials,
including metals, such as Nitinol. The frame 120 is preferably formed from a plurality of
struts forming open cells. As will be discussed in further detail below, components of
the frame 120, such as the frame body 122, the first anchoring feature 124, and/or the
second anchoring feature 126, can be used to attach or secure the prosthesis 100 to a
native valve. For example, the frame body 122 and the second anchoring feature 126 can
be used to attach or secure the prosthesis 100 to a native valve, such as a native mitral
valve. In some embodiments, the frame 120 is sized to allow a supplemental prosthesis
to be positioned within the frame 120. The frame 120 can include structural elements to
secure the supplemental prosthesis to the frame 120. In some situations, this can allow
for the use of a prosthesis designed for a different body cavity, such as a replacement
aortic valve, to be positioned within the frame 120 when the frame 120 is positioned in
another body cavity, such as a native mitral valve. However, it is to be understood that a
prosthesis designed for the same body cavity can also be used. For example, in some
situations, a supplemental prosthesis intended for the mitral valve can be used with the
frame 120 when the frame 120 is positioned within the native mitral valve.

[0181] It is to be understood that the frame 120 can incorporate features and
concepts which are the same as, or at least similar to, those of other frames described
herein such as, but not limited to, frames 220, 300, 400, 500, 600, 700, 750, 810, 910,
1010, 1210, 1310, 1410, 1510, 1610, 1710, 1810, 1910, 2010, 2110, 2210, 2300, 2400,
2500, 2600, 2710, 2810, 2910, 3002, 3420, 3520, 3620, 3820, 3920, 4020, 4120, 4220,
4320, 4420, 4520, 4620, 4720, 4820, 4920, 5020, 5120, 5220, 6000, 6100, 6200, 6300,
6400, 6520, 6620, 6700, 6800, 6900, 7000, 7100 discussed below in connection with
Figures 2-18, 20-43, 48-53, 58, 60-62, 64-80, 108-131. The frame 120, and any other
frame described herein, may include features and concepts similar to those disclosed in
U.S. Patent Nos. 8,403,983, 8,414,644, and 8.652,203 and U.S. Publication Nos.
2010/0298931, 2011/0313515, 2014/0277390, 2014/0277427, 2014/0277422, and
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2015/0328000. This is inclusive of the entire disclosure and is not in any way limited to
the disclosure of the associated frames. Moreover, although the frame 120 has been
described as including a frame body 122, a first anchoring feature 124, and a second
anchoring feature 126, it is to be understood that the frame 120 need not include all
components. For example, in some embodiments, the frame 120 can include the frame
body 122 and the second anchoring feature 126 while omitting the first anchoring feature
124. Moreover, although the frame body 122, the first anchoring feature 124, and the
second anchoring feature 126 have been illustrated as being unitarily or monolithically
formed, it is to be understood that in some embodiments one or more of the frame body
122, the first anchoring feature 124, and the second anchoring feature 126 can be formed
separately. In such embodiments, the separate components can be attached using any of
the fasteners and techniques described herein, such as via sutures as shown, for example,
in Figures 120-123. For example, the first anchoring feature 124 and/or the second
anchoring feature 126 can be formed separately from the frame body 122. The first
anchoring feature 124 and/or the second anchoring feature 126 can be attached to the
frame body 122 via sutures.

[0182] With continued reference to the prosthesis 100 illustrated in Figure 1,
the valve body 140 is attached to the frame 120 within an interior of the frame 120. The
valve body 140 functions as a one-way valve to allow blood flow in a first direction
through the valve body 140 and inhibit blood flow in a second direction through the
valve body 140. For example, in embodiments where the upper region 127 is a proximal
portion and the lower region 129 is a distal portion, the valve body 140 can allow blood
flow in a proximal-to-distal direction and inhibit blood flow in a distal-to-proximal
direction. The valve body 140 preferably includes a plurality of valve leaflets 142, for
example three leaflets 142, which are joined at commissures. As will be discussed in
further detail below in connection with additional figures, the valve body 140 can
include one or more intermediate components 144. The intermediate components 144
can be positioned between a portion of, or the entirety of, the leaflets 142 and the frame
120 such that at least a portion of the leaflets 142 are coupled to the frame 120 via the
intermediate component 144. In this manner, a portion of, or the entirety of, the portion

of the valve leaflets 142 at the commissures and/or an arcuate edge of the valve leaflets
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142 are not directly coupled or attached to the frame 120 and are indirectly coupled or
“float” within the frame 120. For example, a portion of, or the entirety of, the portion of
the valve leaflets 142 proximate the commissures and/or the arcuate edge of the valve
leaflets 142 can be spaced radially inward from an inner surface of the frame 120. This
can beneficially allow valve leaflets 142 having various shapes and sizes to be
incorporated into a frame 120 having a shape and size which does not correspond to the
shape and size of the valve leaflets 142. For example, the valve leaflets 142 can be sized
and shaped to form a generally cylindrical shape having a diameter. By using one or
more intermediate components 144, the valve leaflets 142 can be attached to non-
cylindrical frames 120 and/or frames 120 having a diameter larger than that of the
diameter of the valve leaflets 142. Use of one or more intermediate components 144 can
also beneficially reduce stress concentrations on valve leaflets 142. This can
advantageously increase the effective lifespan of the valve leaflets 142. For example, the
one or more intermediate components 144 can be formed from a material having a
stiffness greater than that of the valve leaflet 142 yet less than that of the frame 120.

[0183] It is to be understood that the valve body 140 can incorporate features
and concepts similar to, or the same as, those of other valve bodies described herein such
as, but not limited to, valve bodies 240, 820, 920, 1020, 1110, 1220, 1320, 1420, 1520,
1620, 1720, 1820, 1920, 2020, 2120, 2220, 2720, 2820, 2920, 3440, 3540, 3640, 4830,
6540, 6640, discussed below in connection with Figures 2-4, 14-33, 38-40, 48-33, 57,
74, 118, 120, and 121. Moreover, although the valve body 140 has been described as
including a plurality of leaflets 142 and one or more intermediate components 144, it is
to be understood that the valve body 140 need not include all features. For example, the
valve body 140 can include the plurality of valve leaflets 142 while omitting the
intermediate components 144. In some embodiments, the valve leaflets 142 can be
directly attached to the frame 120.

[0184] With continued reference the prosthesis 100 illustrated in Figure 1,
the skirt 160 can be attached to the frame 120. The skirt 160 can be positioned around
and secured to an exterior of the frame 120. The skirt 160 can be annular and can extend
entirely circumferentially around the frame 120. The skirt 160 can prevent or inhibit

backflow of fluids, such as blood, around the prosthesis 100. For example, with the skirt
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160 positioned annularly around an exterior of the frame 120, the skirt 160 can create an
axial barrier to fluid flow exterior to the frame 120 when deployed within a body cavity
such as a native valve annulus. The skirt 160 can encourage tissue in-growth between the
skirt 160 and the natural tissue of the body cavity. This may further help to prevent
leakage of blood flow around the prosthesis 100 and can provide further securement of
the prosthesis 100 to the body cavity. In some embodiments, the skirt 160 can be loosely
attached to the exterior of the frame 120. In some embodiments, the skirt 160 can be
tautly secured around the frame 120.

[0185] It is to be understood that the skirt 160 can incorporate features and
concepts similar to, or the same as, those of other skirts described herein such as, but not
limited to, skirts 260, 2730, 2830, 2930, 3030, 3460, 3560, 3660, 3860, 3960, 4060,
4160, 4260, 4360, 4460, 4560, 4660, 4760, 4860, 4960, 5060, 5160, 6560, 6660
discussed below in connection with Figures 2-4, 38-43, 48-53, 58-79, 118, 120, and 121.
Although the prosthesis 100 has been described as including a frame 120, a valve body
140, and a skirt 160, it is to be understood that the prosthesis 100 need not include all
components. For example, in some embodiments, the prosthesis 100 can include only
the frame 120 and the valve body 140 while omitting the skirt 160.

[0186] With reference next to the prosthesis 200 illustrated in Figures 2-4,
the prosthesis 200 can include a frame 220, a valve body 240, and a skirt 260. The frame
220 can be self-expanding or balloon expandable. As shown in the illustrated
embodiment, the frame 220 can include a frame body 222 formed from a plurality of
struts defining a plurality of cells 224 (as shown in Figure 4). One or more of the cells
224 can allow the frame 220 to longitudinally foreshorten when the frame 220 radially
expands.

[0187] The frame 220 includes a first anchoring feature 226 and a second
anchoring feature 228. As shown, the first anchoring feature 226 can be formed from a
plurality of individual anchors extending from the frame body 222 in a direction radially
outward from a longitudinal axis of the frame 220 and/or in a direction generally toward
a lower end of the frame 220. The individual anchors of the first anchoring feature 226
can include tips or ends 230 having one or more eyelets. The eyelets can be used to

facilitate attachment of a skirt, cover, and/or cushion to the first anchoring feature 226.
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As shown in the illustrated embodiment, the first anchoring feature 226 can include
twelve individual anchors; however, it is to be understood that a greater number or lesser
number of individual anchors can be used. For example, the number of individual
anchors can be chosen as a multiple of the number of commissures for the valve body
240. As such, for a prosthesis 200 with a valve body 240 having three commissures, the
first anchoring feature 226 can have three individual anchors, six individual anchors,
nine individual anchors, twelve individual anchors, fifteen individual anchors, or any
other multiple of three. It is to be understood that the number of individual anchors need
not correspond to the number of commissures of the valve body 240.

[0188] As shown, the second anchoring feature 228 can be formed from a
plurality of individual anchors extending from the frame body 222 in a direction radially
toward the longitudinal axis of the frame 220 and bent to extend in a direction radially
outward from the longitudinal axis of the frame 220. A portion of the individual
anchors, such as tips or ends 230, can extend in a direction generally toward an upper
end of the frame 220. The individual anchors of the second anchoring feature 228 can
include tips or ends 230 having covers and/or cushions as shown. In some embodiments,
the tips or ends 230 can be enlarged relative to the preceding portion of the second
anchoring feature 228, such as a strut. The covers and/or cushions can reduce pressure
applied to tissue of the body cavity, such as the native valve annulus, when the tips or
ends 230 contact the native valve annulus. As shown in the illustrated embodiment, the
second anchoring feature 228 can include twelve individual anchors; however, it is to be
understood that a greater number or lesser number of individual anchors can be used.
For example, the number of individual anchors can be chosen as a multiple of the
number of commissures for the valve body 240. As such, for a prosthesis 200 with a
valve body 240 having three commissures, the second anchoring feature 228 can have
three individual anchors, six individual anchors, nine individual anchors, twelve
individual anchors, fifteen individual anchors, or any other multiple of three. It is to be
understood that the number of individual anchors need not correspond to the number of
commissures of the valve body 240.

[0189] The frame 220 preferably includes a set of locking tabs 234 extending

from the frame body 222 at its upper end. As shown, the frame 220 includes twelve
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locking tabs 234, however, it is to be understood that a greater number or lesser number
of locking tabs can be used. The locking tabs 234 can extend generally upwardly from
the frame body 222 in a direction generally aligned with the longitudinal axis of the
frame 220. The locking tab 234 can include an enlarged head or end 236. As shown, the
enlarged head or end 236 has a semi-circular or semi-elliptical shape forming a
“mushroom” shape with the remaining portion of the locking tab 234. The locking tab
234 can include an eyelet which can be positioned through the enlarged head 236. 1t is
to be understood that the locking tab 234 can include an eyelet at other locations, or can
include more than a single eyelet. The locking tab 234 can be advantageously used with
multiple types of delivery systems such as a “slot-based” delivery system and/or a
“tether-based” delivery system.

[0190] With continued reference to the prosthesis 200 illustrated in Figures
2-4, the valve body 240 preferably includes a plurality of valve leaflets 242 each having
a first edge 244, a second edge 246, and one or more tabs 248. The first edge 244, which
may be considered a proximal edge, may be arcuate in shape. The tabs 248 can form
part of the valve leaflets 242 positioned at the commissures of the valve body 240. The
second edge 246 can be a freely moving edge which can allow the valve body 240 to
open and close. The valve leaflet 242 can be similar to leaflet 1110 illustrated in Figure
19A which includes a first edge 1112, a second edge 1114, and tabs 1116. The plurality
of valve leaflets 242 can function in a manner similar to the native mitral valve, or to any
other valves in the vascular system as desired.

[0191] As shown in the illustrated embodiment, the valve body 240 can
include one or more first intermediate components 250a (as shown in Figure 2) and one
or more second intermediate component 250b (as shown in Figure 4). The one or more
first intermediate components 250a and the one or more second intermediate components
250b can be used to attach one or more of the valve leaflets 242, or a portion thereof, to
the frame 220 such that the valve leaflet 242 is indirectly coupled to the frame 220 or
“floats” within the frame 220. For example, as shown in the illustrated embodiment, at
least a portion of the first edge 244 and the tabs 248 can be indirectly coupled to the
frame 220 via the one or more intermediate components 250a, 250b with a portion of the

first edge 244 directly coupled to the frame 220. The one or more first intermediate
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components 250a and/or one or more second intermediate components 250b can be
formed from a combination of units, such as a combination of two, three, or more units.
It is contemplated that the one or more intermediate components 250a, 250b can be
formed from fewer units. As will be described in further detail, the intermediate
components 250a, 250b can be attached to one or more third intermediate components to
form a partially sealed or fully sealed pocket. The intermediate components 250 may be
formed from a slightly porous material which allows fluid, such as blood, to enter into
the pocket. In some instances, the blood can form a clot within the pocket.

[0192] With continued reference to the prosthesis 200 illustrated in Figures
2-4, the skirt 260 can be loosely attached to the exterior of the frame 220. The skirt 260
can be formed from multiple components such as an upper component 262, a middle
component 264, and a lower component 266. The upper component 262 can be attached
to an upper portion of the frame 220. As shown, the upper component 262 can be
attached at or proximate the uppermost cusp or first edge 244 of the valve leaflet 242.
The upper component 262 can extend downwardly and be attached to the middle
component 264. The middle component 264 can extend downwardly towards a lower
portion of the frame 220. As shown, the middle component 264 can be attached at or
proximate the commissures of the valve body 240 and/or the base of the anchors of the
second anchoring feature 228. The lower component 266 can be attached to the middle
component 264 and can extend downwardly. As shown, the lower edge of the lower
component 266 can follow the undulations of the struts of the frame 220. However, it is
contemplated that the lower component 266 can have a lower edge with a different
shape, such as a straight edge. Moreover, it is to be understood that the skirt 260 can be
formed from a greater number or lesser number of components. For example, one or
more of the upper component 262, the middle component 264, and/or the lower
component 266 can be combined into a single component. The skirt 260 can be formed
from a variety of materials, such as a knit polyester (e.g., polyethylene terephthalate
(PET)) or any other biocompatible material.

[0193] As shown in the illustrated embodiment, the skirt 260 can be attached
at or proximate the upper end of the frame 220 and at or proximate the lower end of the

frame 220. The skirt 260 can be formed with sufficient material such that a portion of

Date Regue/Date Received 2020-04-17



-32-

the skirt 260 positioned around a middle portion of the frame 220 is loose relative to an

exterior of the frame 220.

Embodiments of Replacement Mitral Valve Frames and Anchoring Features

[0194] With reference to Figures 5A-13 and 83-117, embodiments of frames
300, 400, 500, 600, 700, and 750, 6000, 6100, 6200, 6300, 6400 and anchoring features
340, 350, 440, 450, 540, 550, 650, 710, 760, 5200, 5300, 5400, 5500, 5600, 5700, 5800,
5920, 5930, 6020, 6120, 6220, 6320, 6420 are illustrated. With reference first to the

frame 300 illustrated in Figure SA, the frame 300 is shown in an expanded
configuration. The frame 300 can include a frame body 302 having an upper region 310,
an intermediate region 320, and a lower region 330. A longitudinal axis of the frame 300
may be defined as the central axis that extends through the center of the frame 300
between the upper and lower ends of the frame 300. In some embodiments, the frame
300 may be oriented such that the upper region 310 is a proximal portion and the lower
region 330 is a distal portion. The frame 300 can include a first anchoring feature 340
and a second anchoring feature 350. In some embodiments, the frame 300 may be
oriented such that the first anchoring feature 340 is a proximal anchoring feature and the
second anchoring feature 350 is a distal anchoring feature.

[0195] One or both anchoring features 340, 350 can contact or engage a
native valve annulus, such as the native mitral valve annulus, tissue beyond the native
valve annulus, native leaflets, and/or other tissue at or around the implantation location
during one or more phases of the cardiac cycle, such as systole and/or diastole. In some
embodiments, one or both anchoring features 340, 350 do not contact or engage, or only
partially contact or engage, a native valve annulus, such as the native mitral valve
annulus, tissue beyond the native valve annulus, native leaflets, and/or other tissue at or
around the implantation location during one or more phases of the cardiac cycle, such as
systole and/or diastole. For example, when the frame 300 is used for a replacement
mitral valve prosthesis, during at least systole, in some embodiments the second
anchoring feature 350 is sized to contact or engage the native mitral valve annulus
whereas the first anchoring feature 340 is sized to be spaced from the native mitral valve

annulus. It is to be understood that in some embodiments, when the frame 300 is used
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for a replacement mitral valve prosthesis, during diastole and/or systole, in some
embodiments both the first anchoring feature 340 and the second anchoring feature 350
are sized to contact or engage the native mitral valve annulus. In some instances, the
first anchoring feature 340 may contact a portion of a skirt, such as skirts 160, 260,
which can contact or engage the native mitral valve annulus. For example, the first
anchoring feature 340 can be connected to a portion of a skirt. While the anchoring
features 340, 350 have been illustrated as extending from the upper and lower regions
310, 330 of the frame 300 respectively, it is to be understood that the anchoring features
340, 350 can be positioned along any other portion of the frame 300 as desired.
Moreover, while two anchoring features 340, 350 have been included in the illustrated
embodiment, it is to be understood that a greater number or lesser number of sets of
anchoring features can be utilized.

[0196] As shown, the frame body 302, when in an expanded configuration
such as in a fully expanded configuration, has a bulbous or slightly bulbous shape, with
an intermediate region 320 being larger than the upper region 310 and the lower region
330. The bulbous shape of the frame body 302 can advantageously allow the frame body
302 to engage a native valve annulus or other body cavity, while spacing the inlet and
outlet from the heart or vessel wall. This can advantageously reduce undesired contact
between the prosthesis and the heart or vessel, such as the atrial and ventricular walls of
the heart.

[0197] As shown in the illustrated embodiment, the intermediate region 320
is preferably cylindrical or generally cylindrical in shape such that a diameter of an upper
end of the intermediate region 320 and/or a diameter of a lower end of the intermediate
region 320 is equal or generally equal to the diameter of a middle portion of the
intermediate region 320. The general uniformity of the diameter of the intermediate
region 320 from the upper end to the lower end, in conjunction with the axial dimension
between the upper end and the lower end (i.e., the “height” of the intermediate region
320), provides for a significantly large circumferential area upon which a native valve
annulus, or other body cavity, can be engaged. This can beneficially improve
securement of the frame 300 to the native valve annulus or other body cavity. This can

also improve sealing between the frame 300 and the native valve annulus, or other body
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cavity, thereby reducing paravalvular leakage. Although the frame body 302, such as the
intermediate portion 302, has been described and illustrated as being cylindrical, it is to
be understood that all or a portion of the frame body 302 can be have a non-circular
cross-section such as, but not limited to, a D-shape, an oval or an otherwise ovoid cross-
sectional shape.

[0198] In some embodiments, the diameter of the upper end of the
intermediate region 320 and the lower end of the intermediate region 320 can be about
the same. However, it is to be understood that the diameter of the upper end of the
intermediate region 320 and the lower end of the intermediate region 320 can differ. In
some embodiments, the frame body 302 in an expanded configuration can have a
diameter at its widest portion of between about 30mm to about 60mm, between about
35mm to about 55mm, about 40mm, any sub-range within these ranges, or any other
diameter as desired. In some embodiments, the frame body 302 in an expanded
configuration has a diameter at its narrowest portion between about 20mm to about
40mm, any sub-range within these ranges, or any other diameter as desired. In an
expanded configuration, the ratio of the diameter of the frame body 302 at its widest
portion to the diameter of the frame body 302 at its narrowest portion can be about 3:1,
about 5:2, about 2:1, about 3:2, about 4:3, any ratio within these ratios, or any other ratio
as desired. In the expanded configuration, the frame body 302 preferably has an axial
dimension between the upper and lower ends of the frame body 302 (i.e., the “height” of
the frame body 302) of between about 10mm to about 40mm, between about 18mm to
about 30mm, about 20mm, any sub-range within these ranges, or any other height as
desired.

[0199] The frame body 302 can have an axially compact configuration
relative to the radial dimension. For example, the ratio of the diameter of the largest
portion of the frame body 302 to the height of the frame body 302 when the frame is in
its expanded configuration can be about 3:1, about 5:2, about 2:1, about 3:2, about 4:3,
about 13:10, about 5:4, or about 1:1. Thus, in some embodiments the width at the largest
portion of the frame body 302 can be greater than the height of the frame body 302.

[0200] As shown in the illustrated embodiment, the height of the intermediate

region 320 can be larger than the axial dimension between the upper and lower ends of
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the upper region 310 (i.e., the “height” of the upper region 310) and/or the axial
dimension between the upper and lower ends of the lower region 330 (i.e., the “height”
of the lower region 330). The height of the upper region 310 is preferably between about
3mm to about 10mm. In some embodiments, the height of the intermediate region 320
can be between about 6mm to about 15mm. In some embodiments, the height of the
lower region 330 can be between about 3mm to about 15mm. The ratio of the height of
the intermediate region 320 to the combined heights of the upper region 310 and lower
region 330 can be about 1:2, about 2:3, about 3:5, about 1:1, about 5:3, about 3:2, about
2:1, any ratio within these ratios, or any other ratio as desired. The height of the
intermediate region 320 can be greater than the height of the lower region 330 and the
height of the lower region 330 can be greater than the height of the upper region 310.

[0201] With continued reference to the frame 300 illustrated in Figure 5A, at
the juncture between the intermediate region 320 and the upper region 310, the frame
body 302 can include a bend 312. The bend 312 can be a radially inward bend towards
the longitudinal axis of the frame 300 such that a portion of the upper region 310,
extending upwardly from the beginning of bend 312 adjacent the intermediate region
320, is inclined or curved towards the longitudinal axis of the frame 300. The radially
inward inclination of the upper region 310 can allow for a substantial decrease in radial
dimension over a relatively small axial dimension. The greater the degree of inclination,
the greater the decrease in radial dimension per increase in axial dimension. This can
beneficially provide a relatively compact or “squat™ form factor for the frame body 302.
Moreover, as will be discussed in further detail, the inclined or curved portion of the
upper region 310 can facilitate the securement of a supplemental prosthesis within frame
300.

[0202] In some embodiments, the bend 312 can orient the portion of the
upper region 310, positioned upward of the beginning of bend 312, such that it forms an
angle of between about 20 degrees to about 70 degrees with a plane orthogonal to the
longitudinal axis of the frame 300, an angle of between about 30 degrees to about 60
degrees with a plane orthogonal to the longitudinal axis of the frame 300, an angle of
between about 40 degrees to about 50 degrees with a plane orthogonal to the longitudinal

axis of the frame 300, an angle of about 45 degrees with a plane orthogonal to the
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longitudinal axis of the frame 300, any subrange within these ranges, or any other angle
as desired. An angle of about 40 degrees to about 50 degrees can allow for a significant
reduction in radial dimension per increase in axial dimension while still reducing strain
when the frame 300 is in a crimped configuration. In some embodiments, the bend 312
can orient the portion of the upper region 310, positioned upward of the beginning of
bend 312, such that it forms an angle of less than 70 degrees with a plane orthogonal to
the longitudinal axis of the frame 300, an angle of less than 55 degrees with a plane
orthogonal to the longitudinal axis of the frame 300, an angle of less than 40 degrees
with a plane orthogonal to the longitudinal axis of the frame 300, an angle of less than 25
degrees with a plane orthogonal to the longitudinal axis of the frame 300, or less than
any other angle as desired.

[0203] The bend 312 can generally form an arc with an angle between about
20 degrees to about 90 degrees. For example, as shown in the illustrated embodiment,
the arc can have an angle of about 45 degrees. In other embodiments, the bend 312 can
form an arc with an angle between about 30 degrees to about 60 degrees. The radius of
curvature of the arc may be constant such that the bend 312 forms a circular arc or may
differ along the length of the bend 312.

[0204] With continued reference to the frame 300 illustrated in Figure 5A, at
the juncture between the intermediate region 320 and the lower region 330, the frame
body 302 can include a bend 332 toward the longitudinal axis of the frame 300. The
bend 332 can be a radially inward bend towards the longitudinal axis of the frame 300
such that a portion of the lower region 330, extending downwardly from the beginning of
bend 332 adjacent the intermediate region 320, is inclined or curved towards the
longitudinal axis of the frame 300. The radially inward inclination of the lower region
330 can allow for a substantial decrease in radial dimension over a relatively small axial
dimension. The greater the degree of inclination, the greater the decrease in radial
dimension per increase in axial dimension. This can beneficially provide a relatively
compact or “squat” form factor for the frame body 302. Moreover, when used at a native
mitral valve, this can beneficially enhance the atraumatic nature of the device by
allowing chordae tendineae to take a more natural trajectory, thereby relieving stress on

the chordae and leaflets. Additionally, as will be discussed in further detail below, the
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inclined or curved portion of the lower region 330 can facilitate the securement of a
supplemental prosthesis within frame 300.

[0205] The bend 332 can orient the portion of the lower region 330,
positioned below the beginning of bend 332, such that it forms an angle of between
about 20 degrees to about 70 degrees with a plane orthogonal to the longitudinal axis, an
angle of between about 30 degrees to about 60 degrees with a plane orthogonal to the
longitudinal axis, an angle of between about 40 degrees to about 50 degrees with a plane
orthogonal to the longitudinal axis, an angle of about 45 degrees with a plane orthogonal
to the longitudinal axis, any subrange within these ranges, or any other angle as desired.
An angle of about 40 degrees to about 50 degrees can allow for a significant reduction in
radial dimension per increase in axial dimension while still reducing strain when the
frame 300 is in a crimped configuration. In some embodiments, the bend 332 can orient
the portion of the lower region 330, positioned below of the beginning of bend 332, such
that it forms an angle of less than 70 degrees with a plane orthogonal to the longitudinal
axis, an angle of less than 55 degrees with a plane orthogonal to the longitudinal axis, an
angle of less than 40 degrees with a plane orthogonal to the longitudinal axis, an angle of
less than 25 degrees with a plane orthogonal to the longitudinal axis, or less than any
other angle as desired.

[02006] The bend 332 can generally form an arc with an angle between about
20 degrees to about 90 degrees. For example, as shown in the illustrated embodiment,
the arc can have an angle of about 45 degrees. In some embodiments, the bend 332 can
form an arc with an angle between about 30 degrees to about 60 degrees. The radius of
curvature of the arc may be constant such that the bend 332 forms a circular arc or may
differ along the length of the bend 332.

[0207] The lower region 330 can include a bend 334 below the bend 332.
The bend 334 can be oriented opposite that of the bend 332 such that a portion of the
lower region 330, extending downwardly from the beginning of the bend 334, is inclined
or curved at less of an angle towards the longitudinal axis of the frame 300 than the
portion above the beginning of bend 334, is generally parallel to the longitudinal axis, or

is inclined or curved at an angle away from the longitudinal axis of the frame 300. This
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can beneficially reduce the rate of decrease in radial dimension over the remainder of the
axial dimension of the lower region 330.

[0208] The bend 334 can orient the portion of the lower region 330,
positioned below the beginning of bend 334, such that it forms an angle of between
about 30 degrees to about 90 degrees with a plane orthogonal to the longitudinal axis, an
angle of between about 45 degrees to about 85 degrees with a plane orthogonal to the
longitudinal axis, an angle of between about 60 degrees to about 80 degrees with a plane
orthogonal to the longitudinal axis, an angle of about 80 degrees with a plane orthogonal
to the longitudinal axis, any subrange within these ranges, or any other angle as desired.
In some embodiments, the bend 334 can orient the portion of the lower region 330,
positioned below the beginning of bend 334, such that it forms an angle of greater than
25 degrees with a plane orthogonal to the longitudinal axis, an angle of greater than 40
degrees with a plane orthogonal to the longitudinal axis, an angle of greater than 55
degrees with a plane orthogonal to the longitudinal axis, an angle of greater than 70
degrees with a plane orthogonal to the longitudinal axis, or greater than any other angle
as desired.

[0209] The diameter of the upper end of the upper region 310 and the lower
end of the lower region 330 can be about the same. However, it should be understood
that the diameter of the upper end of the upper region 310 and the lower end of the lower
region 330 can differ. Moreover, in some embodiments, the frame body 302 may not
have a bulbous portion, and can have substantially the same outer dimension along its
entire length (e.g., cylindrical), or it may have one end larger than the other end. For
example, the intermediate region 320 and the lower region 330 can have the same, or
substantially the same, diameter.

[0210] With continued reference to the frame 300 illustrated in Figure SA,
the frame body 302 can include a plurality of struts with at least some of the struts
forming cells 360a, 360b, 360c. Any number of configurations of struts can be used,
such as rings of undulating struts shown forming ellipses, ovals, rounded polygons, and
teardrops, but also chevrons, diamonds, curves, and various other shapes. As shown in
the illustrated embodiment, the frame body 302 can include three rows of cells 360a,

360Db, 360c.
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[0211] The upper row of cells 360a can have a hexagonal or generally
hexagonal shape. The cell 360a can be formed via a combination of struts. As shown in
the illustrated embodiment, the upper portion of cells 360a can be formed from a set of
circumferentially-expansible struts 365 having a zig-zag or undulating shape forming a
repeating “V” shape. The circumferentially-expansible struts 365 can be inclined or
curved towards a longitudinal axis of the frame 300 such that an upper portion of the
struts 365 are positioned closer to the longitudinal axis of the frame 300 than the lower
portion of the struts 365.

[0212] The middle portion of cells 360a can be formed from a set of struts
370 extending downwardly from bottom ends of each of the “V” shapes. The struts 370
can extend generally longitudinally in a distal direction. As shown in the illustrated
embodiment, the struts 370 can incorporate the bend 312 such that an upper portion of
the struts 370 are inclined or curved towards the longitudinal axis of the frame 300 and
the lower portion of the struts 370 extend in a direction generally parallel to the
longitudinal axis of the frame 300.

[0213] The lower portion of cells 360a can be formed from a set of
circumferentially-expansible struts 375 having a zig-zag or undulating shape forming a
repeating “V” shape. As shown in the illustrated embodiment, circumferentially-
expansible struts 375 can form a generally cylindrical portion of the frame 300 with the
upper portion of the struts 375 having a radial dimension which is about the same as the
radial dimension as the lower portion of the struts 375. The portion of the cells 360a
extending upwardly from the bottom end of struts 370 may be considered to be a
substantially non-foreshortening portion of the frame 300. As will be discussed in
further detail below, foreshortening refers to the ability of the frame to longitudinally
shorten as the frame radially expands.

[0214] As shown in the illustrated embodiment, the cells 360a can have an
irregular hexagon shape. For example, hexagonal cells 360a can be symmetrical about a
vertical axis extending from upper to lower ends of the cell 360a. In some embodiments,
two of the sides of the hexagonal cells 360a can be one length, while the other four sides
of the cells 360a can be a greater length. In some embodiments, the two sides with the

same length can be generally parallel to one another.
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[0215] As shown in the illustrated embodiment, the middle and/or lower rows
of cells 360b, 360c can have a different shape from the cells 360a of the first row. The
middle and lower row of cells 360b, 360¢ can have a diamond or generally diamond
shape. The cells 360b, 360c may be considered to be a substantially foreshortening
portion of the frame 300. The diamond or generally diamond shape can be formed via a
combination of struts. The upper portion of cells 360b can be formed from the set of
circumferentially-expansible struts 375 such that cells 360b share struts with cells 360a.
The lower portion of cells 360b can be formed from a set of circumferentially-expansible
struts 380. As shown in the illustrated embodiment, circumferentially-expansible struts
380 can extend generally in a downward direction. The circumferentially-expansible
struts 380 can incorporate the bend 332 such that an upper portion of the struts 380 form
a generally cylindrical portion of the frame 300 and the lower portion of the struts 380
can be inclined or curved towards the longitudinal axis of the frame 300.

[0216] The upper portion of cells 360¢ can be formed from the set of
circumferentially-expansible struts 380 such that cells 360¢ share struts with cells 360b.
The lower portion of cells 360¢ can be formed from a set of circumferentially-expansible
struts 385. Circumferentially-expansible struts 385 can extend generally in a downward
direction. The circumferentially-expansible struts 385 can be inclined or curved towards
the longitudinal axis of the frame 300. As shown in the illustrated embodiment, the
angle of inclination of the circumferentially-expansible struts 385 can be different from
the angle of inclination of the lower portion of circumferentially-expansible struts 380.
For example, the circumferentially-expansible struts 385 can be less inclined or curved
towards the longitudinal axis of the frame 300 than the lower portion of
circumferentially-expansible struts 380. As will be discussed in further detail, the angle
of inclination of circumferentially-expansible struts 385 can be chosen based on the
supplemental prosthesis the frame 300 is designed to receive.

[0217] While the cells 360a, 360b, 360c¢ were described as generally
hexagonal-shaped and generally diamond-shaped, it is to be understood that some or all
of the struts 365, 370, 375, 380, 385 may not form entirely straight segments. As shown
in the illustrated embodiments, the struts 365, 370, 375, 380, 385 can include some

curvature such that the upper and/or lower apices are curved. For example, the struts
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375, 380 forming apices of cells 360b can incorporate curvature such that the apices are
generally “onion” shaped.

[0218] As shown in the illustrated embodiment, there can be a row of twelve
cells 360a, a row of twelve cells 360b, and a row of twelve cells 360¢c. While each of the
cells 360a, 360b, 360c¢ are shown as having the same shape as other cells 360a, 360b,
360c of the same row, it is to be understood that the shapes of cells 360a, 360b, 360¢
within a row can differ. Moreover, it is to be understood that any number of rows of
cells can be used and any number of cells may be contained in the rows. In some
embodiments, the number of cells can correspond to the number of anchors or anchor
tips forming the first anchoring feature and/or the number of anchors or anchor tips
forming the second anchoring feature. As shown, the number of cells in each row of
cells 360a, 360b, 360c have a 1:1 correspondence with the number of anchors in both the
first anchoring feature 340 and the second anchoring feature 350 (i.e., twelve cells in
each row of cells 360a, 360b, 360c and twelve anchors for the anchoring features 340,
350). It is to be understood that other ratios of numbers of cells per row to number of
anchors per anchoring feature can be used such as, but not limited to, 2:1, 3:1, 4:1, 5:1,
6:1, and other ratios as desired. For example, as shown in the embodiment of frame 300
illustrated in Figure 5B, the number of cells in some rows may be increased to a 2:1
ratio with anchors of one or both of the anchoring features, such as anchoring feature
350’. Although the anchors of anchoring feature 350 illustrated in Figure SB are
equally spaced with two cells between each anchor, it is to be understood that the
anchors can be unequally spaced. In some implementations, two anchors may be spaced
apart by one cell whereas the remaining anchors are spaced apart by two or more cells.
As another example, as shown in the embodiment of frame 600 illustrated in Figure 9,
the number of cells in some rows may be increased to a 2:1 ratio.

[0219] With continued reference to the frame 300 illustrated in Figure SA,
the geometry of cells 360a, 360b, 360c can allow the cells 360a, 360b, 360c¢ to
foreshorten as the frame 300 is expanded. As such, one or more of cells 360a, 360b,
360c can allow the frame 300 to foreshorten as the frame 300 is expanded.
Foreshortening of the frame 300 can be used to secure the prosthesis to intralumenal

tissue in a body cavity, for example tissue at or adjacent a native valve, such as a native
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valve annulus and/or leaflets. The anchoring features 340, 350 and anchor tips 344, 358
are preferably located along the frame 300 with at least part of the foreshortening portion
positioned between the anchoring features 340, 350 so that a portion of the anchoring
features 340, 350 will move closer together with expansion of the frame 300.

[0220] As one example, this can allow the anchoring features 340, 350 to
close in on opposite sides of the native mitral annulus to thereby secure the prosthesis at
the mitral valve. In some embodiments, the anchoring features 340, 350 can be
positioned such that the anchoring features 340, 350 do not contact opposing portions of
the native mitral annulus at the same time. For example, in some situations, the
anchoring feature 350 may contact the native mitral annulus while the anchoring feature
340 does not contact the native mitral annulus. This can be beneficial when anchoring
feature 340 are used to provide stabilization and help align the prosthesis. In some
embodiments, the anchoring features 340, 350 can be positioned such that the anchoring
features 340, 350 grasp opposite side of the native mitral annulus.

[0221] With continued reference to the frame 300 illustrated in Figure SA,
anchoring feature 340 can include one or more anchors. For example, as shown in the
illustrated embodiment, the anchoring feature 340 can include twelve anchors. Each
anchor can include one or more struts 342 extending from an upper region 310 of the
frame body 302. As shown, struts 342 extend into the cells 360a. The struts 342 extend
from an upper intersection of two segments of the cell 360a, for example, from the
uppermost corner of the cells 360a between struts 365. However, it is to be understood
that the struts 342 can extend from other portions of the frame body 302, such as other
portions of the cell 360a. As shown, the struts 342 extend generally downwardly into the
cells 360a while curving outwards away from the frame body 302. Thus, the anchoring
feature 340 extends radially outwardly from the frame body 302 as it extends generally
downwardly towards a tip 344. The tips 344 of the anchoring feature 340 can end after
extending approximately between about one-third to about two-thirds of the height of
hexagonal cells 360a when the frame 300 is expanded. Further, the tips 344 can extend
farther outwards than the frame body 302.

[0222] As shown in the illustrated embodiment, the anchoring feature 340

can include one or more eyelets such as the two eyelets illustrated per strut 342. The one
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or more eyelets can form a portion of the tip 344 of the anchoring feature 340. The one
or more eyelets can be used to attach other components of the prosthesis in which the
frame 300 is used, such as a skirt. The shape of the one or more eyelets beneficially
reduce the potential for trauma should the tips 344 contact tissue such as that of the
native valve annulus or other body cavity.

[0223] Anchoring feature 350 can include one or more anchors. For
example, as shown in the illustrated embodiment, the anchoring feature 350 can include
twelve anchors. However, it is to be understood that the anchoring feature 350’ can
include a fewer or greater number of anchors. For example, as shown in Figure 5B, the
anchoring feature 350 can include six anchors.  Each anchor can include one or more
struts 352 extending from a lower region 330 of the frame 300. As shown, struts 352
extend from a lower intersection of two segments of the cell 360b, for example, from the
lowermost corner of the cells 360b between struts 380. However, it is to be understood
that the struts 352 can extend from other portions of the frame 300, such as other
portions of the cell 360b and/or other portions of the cells 360¢. For example, the struts
352 can extend from a lower intersection of two segments of the cell 360¢, for example,
from the lowermost corner of the cells 360¢ between struts 38S.

[0224] As shown, the struts 352 extend generally downwardly while curving
inwardly towards the longitudinal axis from the frame 300. Thus, the narrowest portion
of the anchoring feature 340 can have a diameter which is about the same as, or less than,
a diameter of the lower region 330 of the frame body 302. The struts 352 can
incorporate a bend 354 to orient the strut 352 such that it extends radially outward away
from the longitudinal axis of the frame 300. As shown in the illustrated embodiment, the
bend can be generally semi-circular or semi-elliptical which can provide a space for the
distal ends of the native valve leaflets to be stored. The anchors may then extend in a
linear segment radially outwardly and upwardly. The struts 352 can include a second
bend 356 along the linear segment. As shown in the illustrated embodiment, the bend
356 can orient the strut 352 such that it extends generally parallel to the longitudinal axis
of the frame 300. For example, the tip 358 of anchoring feature 350 can extend generally
parallel to the longitudinal axis of the frame 300. The tips 358 of the anchoring feature

350 can end after extending approximately above the base or connection point of the
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anchoring feature 350 to the frame body 302. In some embodiments, the tips 358 of the
anchoring feature 350 can end after extending up to, or slightly past, the lower end of the
intermediate region 320 of the frame body 302.

[0225] While the bend 356 orients the tip 358 such that it extends generally
parallel to a longitudinal axis of the frame 300, it is to be understood that the bend 356
can orient the struts 352, such as the tips 358, in other directions. For example, the bend
356 can orient the struts 352, such as the tips 358, such that the they extend radially
outward away from the longitudinal axis of the frame 300, such that struts 352 extends
radially inward towards the longitudinal axis of the frame 300, or such that a portion of
struts 352 extends radially outward away from the longitudinal axis of the frame 300 and
another portion of struts 352. In some embodiments, the bend 356 can orient the struts
352, such as the tips 358, such that they extend generally perpendicular to a longitudinal
axis of the frame 302 such as is shown with frame 400 illustrated in Figure 6.

[0226] The tips or ends 344, 358 as described above can advantageously
provide atraumatic surfaces that may be used to contact or engage intralumenal tissue
without causing unnecessary or undesired trauma to tissue. For example, the tips or ends
344, 358 can form flat, substantially flat, curved or other non-sharp surfaces to allow the
tips to engage and/or grasp tissue, without necessarily piercing or puncturing through
tissue. A looped end or looped anchor may assist the frame in not getting caught up on
structures at or near the treatment location. For example, each loop can be configured so
that when the frame 300 is deployed in-situ and the anchoring features 340, 350 expand
away from the frame body 302, the movement of each loop from a delivered position to a
deployed position avoids getting caught on the papillary muscles. As shown in the
illustrated embodiment, the first anchoring feature 340 includes rounded eyelets at a tip
or end 344 of the anchoring feature 340. The second anchoring feature 350 includes
anchors tips or ends 358 having looped ends with a flattened or rounded top surface.

[0227] With continued reference to the frame 300 illustrated in Figure SA,
the anchors of the first anchoring feature 340 can be circumferentially staggered with
respect to the anchors of the second anchoring feature 350 meaning that the tips or ends
344 of the first anchoring feature 340 are not aligned, circumferentially, with the tips or

ends 358 of the second anchoring feature 350. In other embodiments (not shown), the
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anchors of the first anchoring feature 340 and the anchors of the second anchoring
feature 358 can be circumferentially aligned.

[0228] Preferably, each of the anchoring features 340, 350 are positioned or
extend generally radially outwardly from the frame 300 so that the anchor tips 344, 358
are generally spaced away or radially outward from the rest of the frame body 302 and
from where the base of the anchors connect to the frame body 302. For example, the
anchor tips 344, 358 may be located radially outward from the intermediate region 320
of the frame body 302, with the tips 344, 358 being axially spaced from one another. In
some embodiments, at least some of the anchoring features, such as anchoring features
340, 350, can extend to a radial distance from an exterior surface of the intermediate
region 320 of the frame body 302 that is about 110% or more of the expanded diameter
of the intermediate region 320 of the body 302 at the plane of tips 344, 358. In some
embodiments, all of the anchors of the first anchoring feature 340 and/or all of the
anchors of the second anchoring feature 350 extend at least to this radial distance. In
other embodiments, fewer than all of the anchors of the first anchoring feature 340
and/or all of the anchors of the second anchoring feature 350 extend to this radial
distance. The outermost diameter of the first anchoring feature 340 and/or the second
anchoring feature 350 may be greater than the diameter of frame the body 302 as
described above and may be in the range of about 35mm to about 70mm when expanded,
in the range of about 35mm to about 60mm when expanded, in the range of about 40mm
to about 60mm when expanded, in the range of about 45mm to about 50mm when
expanded, any sub-range within these ranges when expanded, or any other diameter as
desired.

[0229] The first anchoring feature 340 and the second anchoring feature 350
can extend radially outward from the longitudinal axis of the frame 300 to about the
same radial dimension. However, it is to be understood that in other embodiments (not
shown), the first anchoring feature 340 can be positioned to be not as far radially
outward as the second anchoring feature 350 or the second anchoring feature 350 can be
positioned to be not as far radially outward as the first anchoring feature 340. Such
configurations may be advantageous in positioning and securing the prosthesis in a

native valve annulus or other body location.
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[0230] With continued reference to the frame 300 illustrated in Figure 5A, it
should be understood that the anchoring features 340, 350 can have various other
configurations. For example, while the frame 300 includes anchoring features 340, 350
with twelve anchors each, it is to be understood that a greater number of anchors or a
lesser number of anchors can be used. The number of anchors can correspond to the
number of commissures of the internal valve used with the frame 300. For example, for
a prosthesis with a valve having three commissures, the number of anchors can be
chosen in multiples of three such as three anchors, six anchors, twelve anchors, fifteen
anchors, and any other multiple of three. In some embodiments, instead of a 1:1
correspondence between the number of anchors in the first anchoring feature 340 and the
second anchoring feature 350 (i.e., twelve anchors each), other ratios can be used. For
example, a 1:2 or a 1:3 correspondence between the anchors, are possible such that the
first anchoring feature 340 or the second anchoring feature 350 have fewer anchors than
the other anchoring feature.

[0231] Individual anchors may extend radially outwardly from the frame at
an anchor base and terminate at an anchor tip. The individual anchors can be connected
to the frame at one of many different locations including apices, junctions, other parts of
struts, etc. Moreover, the anchors forming the anchoring features 340, 350 can comprise
first, second, third, or more spaced apart bending stages along the length of each anchor.
Further details that may be incorporated and/or interchanged with the features described
herein are disclosed in U.S. Publication Nos. 2014/0277422, 2014/0277427,
2014/0277390, and 2015/0328000, which have been incorporated by reference herein.

[0232] Covers and/or cushions (see, for example, covers and/or cushions 720,
770 illustrated in Figures 10-13) may be used to surround or partially surround at least a
portion of the first anchoring feature 340 and/or the second anchoring feature 350, such
as the tips or ends 344 of the first anchoring feature 340 and/or the tips or ends 358 of the
second anchoring feature 350 and/or the struts to which the tips or ends 344, 458 are
attached. The covers and/or cushions can be similar to those described in U.S.
Publication No. 2015/0328000. For example, the covers and/or cushions can be formed
from one or more pieces of material. In some embodiments, an inner portion can be

positioned within a covering such that the covering forms a layer surrounding the inner
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portion. The inner portion can be formed of a foam material, such as a polymer foam,
such that the inner portion is at least somewhat compliant. The covering can be formed
of a biocompatible, fabric material such as a polymer woven or knitted cloth or sheet. In
some embodiments, the cushions can be formed as a polymer molded insert. In some
embodiments, the covers and/or cushions can be taut. In some embodiments, the covers
and/or cushions can be loosely coupled to the anchoring feature. For example, a loosely
coupled cover can be positioned along a side of a strut intended to be positioned against
tissue.

[0233] In some embodiments, the covers and/or cushions can either fit
snuggly around the tips 358 or can have extra padding so that the covers extend radially
away from the frame 300. In some embodiments, all of the anchors of the second
anchoring feature 350 can have the covers and/or cushions with some of the anchors
having less cushioning than others. In some embodiments, all of the anchors of the
second anchoring feature 350 can have the padded covers. In some embodiments, all of
the anchors of the second anchoring feature 350 can have the snuggly fitting cushions.
In some embodiments, not all of all of the anchors of the second anchoring feature 350
can have covers.

[0234] With continued reference to the frame 300 illustrated in Figure SA,
the frame 300 can include a set of locking tabs 390 extending from the upper region 310
of the frame 300. As shown, the frame 300 includes twelve locking tabs 390, however, it
is to be understood that a greater number or lesser number of locking tabs can be used.
The locking tabs 390 can extend generally upwardly from the upper region 310 in a
direction generally aligned with the longitudinal axis of the frame 300. As shown in the
illustrated embodiment, the locking tabs 390 include a strut 392 which can include a
bend 394 such that a portion of the strut 392, positioned upwards of the beginning of the
bend 394, is inclined or curved at less of an angle towards the longitudinal axis of the
frame 300 than the portion below the beginning of the bend 394, is generally parallel to
the longitudinal axis, or is inclined or curved at an angle away from the longitudinal axis
of the frame 300.

[0235] In some embodiments, the bend 394 can orient the portion of the strut
392, positioned upward of the beginning of bend 394, such that it forms an angle of
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between about 30 degrees to about 90 degrees with a plane orthogonal to the longitudinal
axis, an angle of between about 45 degrees to about 85 degrees with a plane orthogonal
to the longitudinal axis, an angle of between about 60 degrees to about 80 degrees with a
plane orthogonal to the longitudinal axis, an angle of about 80 degrees with a plane
orthogonal to the longitudinal axis, any subrange within these ranges, or any other angle
as desired. In some embodiments, the bend 394 can orient the portion of the strut 392,
positioned upward of the beginning of bend 394, such that it forms an angle of greater
than 25 degrees with a plane orthogonal to the longitudinal axis, an angle of greater than
40 degrees with a plane orthogonal to the longitudinal axis, an angle of greater than 55
degrees with a plane orthogonal to the longitudinal axis, an angle of greater than 70
degrees with a plane orthogonal to the longitudinal axis, or greater than any other angle
as desired.

[0236] At an upper end of the strut 392, the locking tab 390 can include an
enlarged head 394. As shown, the enlarged head 394 has a semi-circular or semi-
elliptical shape forming a “mushroom” shape with the strut 396. The locking tab 390
can include an eyelet 396 which can be positioned through the enlarged head 394. It is
to be understood that the locking tab 234 can include an eyelet at other locations, or can
include more than a single eyelet. The locking tab 390 can be advantageously used with
multiple types of delivery systems. For example, the shape of the struts 392 and the
enlarged head 394 can be used to secure the frame 300 to a “slot” based delivery system.
The eyelets 396 can be used to secure the frame 300 to a “tether” based delivery system
such as those which utilize sutures, wires, or fingers to control delivery of the frame 300.
This can advantageously facilitate recapture and repositioning of the frame 300 in situ.
In some embodiments, the frame 300 can be used with the delivery systems described in
U.S. Patent Nos. 8,414,644 and 8,652,203 and U.S. Publication Nos. 2015/0238315.

[0237] With reference next to the frame 400 illustrated in Figure 6, the frame
400 is shown in an expanded configuration. The frame 400 can include a frame body
402 having an upper region 410, an intermediate region 420, and a lower region 430. A
longitudinal axis of the frame 400 may be defined as the central axis that extends through
the center of the frame 400 between the upper and lower ends of the frame 400. In some

embodiments, the frame 400 may be oriented such that the upper region 410 is a
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proximal portion and the lower region 430 is a distal portion. The frame 400 can include
a first anchoring feature 440 and a second anchoring feature 450. In some embodiments,
the frame 400 may be oriented such that the first anchoring feature 440 is a proximal
anchoring feature and the second anchoring feature 450 is a distal anchoring feature.

[0238] As shown in the illustrated embodiment, the height of the intermediate
region 420 can be larger relative to the heights of the upper region 410 and lower region
430 as compared to the height of the intermediate region 320 relative to the heights of
the upper region 310 and lower region 330. This can advantageously provide a larger
circumferential area upon which a native valve annulus can be engaged. This can also
beneficially enhance securement of the frame 400 to the native valve annulus or other
body cavity. Moreover, this can beneficially reduce the overall height of the frame 400.

[0239] At the juncture between the intermediate region 420 and the lower
region 430, the frame 400 can include a bend 432 toward the longitudinal axis of the
frame 400. The bend 432 can be a radially inward bend towards the longitudinal axis of
the frame 400 such that a portion of the lower region 430, extending downwardly from
the beginning of bend 432, is inclined or curved towards the longitudinal axis of the
frame 400. The lower region 430 can include a second bend 434 below the bend 432.
The bend 434 can be oriented opposite that of the bend 432 such that a portion of the
lower region 430, extending downwardly from the beginning of the bend 434, is inclined
or curved at an angle away from the longitudinal axis of the frame 400. This can
beneficially allow at least a portion of the lower region 430 to form part of the second
anchoring feature 450.

[0240] The frame 400 can include a first row of cells 460a, a second row of
cells 460b, and a third row of cells 460¢ (as shown in Figure 7) which can share some
similarities to cells 360a, 360b, 360c¢ of frame 300. As shown in the illustrated
embodiment, the upper portion of cells 460c¢ can be formed from the set of
circumferentially-expansible struts 480 such that cells 460¢ share struts with the cells of
the row above. The lower portion of cells 460¢ can be formed from a set of
circumferentially-expansible struts 485. Circumferentially-expansible struts 485 can
extend generally in a downward direction. The circumferentially-expansible struts 485

can be inclined or curved away from the longitudinal axis of the frame 400 such that the
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upper portion of struts 485 are positioned closer to the longitudinal axis of the frame 400
than the lower portion of struts 485. As shown in the illustrated embodiment, the bend
434 can be formed by struts 485 and can be shaped similarly to the bend 354 discussed in
connection with struts 352 of the second anchoring feature 350 of frame 300.

[0241] Anchoring feature 450 can include one or more anchors. For
example, as shown in the illustrated embodiment, the anchoring feature 450 can include
twelve anchors. Each anchor can include one or more struts 452 extending from a lower
region 430 of the frame 400. As shown, struts 452 extend from a lower intersection of
two segments of the cell 360c, for example, from the lowermost corner of the cells 460¢
between struts 485. However, it is to be understood that the struts 452 can extend from
other portions of the frame 400, such as other portions of the cell 460b and/or other
portions of the cells 460c. For example, the struts 452 can extend from a lower
intersection of two segments of the cell 460b, for example, from the lowermost corner of
the cells 460c¢ between struts 480.

[0242] As shown, the struts 452 extend generally radially outward. The struts
452 can incorporate a bend 454 to orient the strut 452 such that it extends radially
outward away from the longitudinal axis of the frame 400 and upwards. The anchors
may then extend in a linear segment radially outwardly and upwardly. The struts 452
can include a second bend 456 along the linear segment. As shown in the illustrated
embodiment, the bend 456 can orient the strut 452 such that it extends generally radially
outward from the longitudinal axis of the frame 400 and generally perpendicular to the
longitudinal axis of the frame 400. For example, the tip 458 of anchoring feature 450
can extend generally perpendicular to the longitudinal axis of the frame 400. This can
beneficially increase the tissue contact area of the tip 458 of the anchor as compared to
an anchor which does not incorporate such a bend. This increased tissue contact area can
beneficially reduce the stress applied by the tip 458 to tissue thereby reducing the
amount of pressure and potential for trauma to the tissue. In some embodiments, the
uppermost portions of the anchoring feature 450 can extend up to, or slightly past, the
lower end of the intermediate region 420 of the frame body 402.

[0243] With continued reference to the frame 400 illustrated in Figure 6, the
frame 400 can include locking tabs 490. These locking tabs 490 are similar to locking
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tabs 390 of frame 300; however, the locking tabs 490 have a lower axial dimension
thereby providing for a more compact form factor. Although the locking tabs 490 do not
include eyelets, it is to be understood that the locking tabs 490 can include eyelets.

[0244] With reference next to the frame 400 illustrated in Figure 7, the frame
400 is shown as a flat pattern. Any of the frames described herein such as, but not limited
to, frames 300, 400 can be made of many different materials, but is preferably made from
metal. In some embodiments, the frames can be made from a shape memory material,
such as nitinol. A wire frame or a metal tube can be used to make the frame. The wire
frame of a metal tube can be cut or etched to remove all but the desired metal skeleton.
In some embodiments a metal tube is laser cut in a repeating pattern to form the frame.
The flat pattern can be cut from a metal tube and then the tube can be bent and expanded
to the expanded configurations shown herein. The frames can further be expanded and/or
compressed and/or otherwise worked to have the desired shape or shapes, such as for
introduction and implantation.

|0245] With reference next to the frame 500 illustrated in Figure 8, the frame
500 is shown as a flat pattern. As shown in the illustrated embodiment, the frame 500
can include first anchoring feature 540, second anchoring feature 550, a first row of cells
560a, a second row of cells 560b, a third row of cells 560¢, and a plurality of locking
tabs 5§90. The second anchoring feature S50 can include anchors with tips 558 having
one or more eyelets. As shown, each anchor can include two eyelets. The eyelets can
beneficially facilitate attachment of other components, such as covers and/or cushions, to
the tips 558.

[0246] With reference next to the frame 600 illustrated in Figure 9, the frame
600 is shown in an expanded configuration. The frame 600 can include a frame portion
602 having an upper region 610, an intermediate region 620, and a lower region 630. A
longitudinal axis of the frame 600 may be defined as the central axis that extends through
the center of the frame 600 between the upper and lower ends of the frame 600. In some
embodiments, the frame 600 may be oriented such that the upper region 610 is a
proximal portion and the lower region 630 is a distal portion. The frame 600 can include
an anchoring feature 650. In some embodiments, the frame 600 may be oriented such

that the anchoring feature 650 is a distal anchoring feature.
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[0247] As shown in the illustrated embodiment, anchoring feature 650 can
include one or more anchors. For example, as shown in the illustrated embodiment, the
anchoring feature 650 can include nine anchors each including a strut 652 extending
from a lower region 630 of the frame body 602. The diameter of the frame body 602 at
the widest portion is approximately the same as those of frames 300, 400, 500 are their
widest portions. Moreover, when crimped into a collapsed configuration for delivery via
a transcatheter delivery system, the overall length of the frame 600 can be similar to
those of frames 300, 400, 500 when in a collapsed configuration for delivery. As shown
in the illustrated embodiment, this can be achieved via strut and cell geometry.

[0248] As shown in the illustrated embodiment, there can be a first row of
nine cells 660a, a second row of eighteen cells 660b, a third row of eighteen cells 660c,
and a row of nine cells 660d. Cells 660b share similarities to cells 360a, 460a, 560a.
For example, cells 660b can have a hexagonal or generally hexagonal shape. Cells 660
have generally longitudinally extending struts 670 which can extend generally parallel to
the longitudinal axis of the frame 600. Cells 660a, 660¢ share similarities to cells 360b,
460b, 560b. For example, cells 660a, 660¢ can have a diamond or generally diamond
shape. Cells 660d have an irregular polygonal shape. As shown, the number of cells in
the first row of cells 660a and fourth row of cells 660d correspond to the number of
anchors of the anchoring portion 650. The number of cells in the second row of cells
660b and the third row of cells 660¢ are twice that of the number of anchors. This can
beneficially allow the frame to reach a desired width while maintaining a relatively
axially compact profile when crimped into a collapsed configuration. Other ratios of the
number of cells to the number of anchors can be chosen including 3:1, 4:1, 5:1, or any
other ratio as desired.

[0249] With reference next to the frame 700 illustrated in Figures 10 and 11,
the frame 700 includes anchoring feature 710 having covers and/or cushions 720. As
shown in the illustrated embodiment, the anchoring feature 710 can have a similar profile
to those of anchoring feature 350. The anchoring feature 710 can include a cover and/or
cushion 720 extending over a tip 712 of the anchors. In some embodiments, the cover
and/or cushion 720 can be positioned such that it extends over the top of the tip 712. In

some embodiments, the cover and/or cushion 720 can also be positioned such that it
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extends circumferentially around the tip 712. The cover and/or cushion 720 can be
formed from a deformable material such as a foam. When the top portion of the cover
and/or cushion 720 is subject to pressure due to a downwardly directed force, the cover
and/or cushion 720 can compress and expand laterally outward. Such a force may be
exerted upon the cover and/or cushion 720 when the cover and/or cushion 720, for
example, when the cover and/or cushion 720 contacts a ventricular side of the mitral
valve annulus during systole. The compression and lateral expansion of cover and/or
cushion 720 can increase the surface area of the cover and/or cushion 720 in contact with
the tissue, thereby exerting less pressure on the tissue and reducing the potential for
trauma.

[0250] With reference next to the frame 750 illustrated in Figures 12 and 13,
the frame 750 includes anchoring feature 760 having covers and/or cushions 770. As
shown in the illustrated embodiment, the anchoring feature 760 can have a tip profile
similar to that of anchoring feature 450. The anchoring feature 760 can include a cover
and/or cushion 770 extending over a tip 762 of the anchors. In some embodiments, the
cover and/or cushion 770 can be positioned such that it extends over the top of the tip
762. In some embodiments, the cover and/or cushion 770 can also be positioned such
that it extends circumferentially around the tip 762. The cover and/or cushion 770 can
be formed from a deformable material such as a foam. When the top portion of the cover
and/or cushion 770 is subject to pressure due to a downwardly directed force, the cover
and/or cushion 770 can compress and expand laterally outward. Such a force may be
exerted upon the cover and/or cushion 770 when the cover and/or cushion 770, for
example, when the cover and/or cushion 770 contacts a ventricular side of the mitral
valve annulus during systole. The compression and lateral expansion of cover and/or
cushion 770 can increase the surface area of the cover and/or cushion 770 in contact with
the tissue, thereby exerting less pressure on the tissue and reducing the potential for
trauma.

[0251] With reference next to Figures 83-85, embodiments of anchoring
features 5200, 5300 are illustrated. In the expanded configuration, the anchoring features
5200, 5300 can include one or more prongs which are at least radially offset relative to

each other. In this manner, tips of the one or more prongs can be at different radial
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positions relative to a longitudinal axis of a frame (not shown) to which the anchoring
features 5200, 5300 are attached. This can beneficially increase the tissue contact area of
the tips of the anchoring features 5200, 5300. This increased tissue contact area can
beneficially reduce the stress applied by the anchoring features 5200, 5300 to tissue
thereby reducing the amount of pressure and potential for trauma to the tissue. In some
embodiments, the radial distance between the prongs of the anchoring features 5200,
5300 can be reduced or eliminated when in a collapsed configuration. This can
beneficially reduce the crimp profile of the anchoring features 5200, 5300 such that a
smaller delivery system can be utilized.

[0252] With reference first to Figures 83 and 84, anchoring feature 5200 is
illustrated. The anchoring feature 5200 can be attached to a frame body (not shown) via
one or more struts 5210. The anchoring feature 5200 can include one or more prongs
5220, 5230 having tips 5222, 5232. As shown in the illustrated embodiment, the first
prong 5220 can form a loop similar to other anchoring features described herein. The
second prong 5230 can be positioned within the first prong 5230. Positioning the second
prong 5230 within the first prong 5220 can advantageously make use of an existing
space within the first prong 5220.

[0253] The first prong 5220 and the second prong 5320 can be radially offset.
As shown, the first prong 5220 can include a bend 5224 which directs the first prong
5220 radially outward relative to the second prong 5230 such that the tips 5222, 5232 are
at different radial positions relative to each other. One or more coverings and/or
cushions (not shown) can be attached to the anchoring feature 5200 which covers the tips
5222, 5232. The one or more coverings and/or cushions can span the gap between the
tips 5222, 5232 to further increase the tissue contact area of the tips. The coverings
and/or cushions can include the same or similar structure to those described herein. For
example, the coverings and/or cushions can be formed from a foam material, woven or
knitted cloth or sheet, and/or an insert. As shown in the illustrated embodiment, the tip
5222 of prong 5220 can be extend in a direction generally parallel to tip 5232 of prong
5230. While the tips 5222, 5232 are shown at or around the same axial position, it is to
be understood that the tips 5222, 5232 can be axially offset. The prong 5230 can include
an eyelet 5234.
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[0254] With reference next to Figure 85, anchoring feature 5300 is
illustrated. The anchoring feature 5300 can be attached to a frame body (not shown) via
one or more struts 5310. The anchoring feature 5300 can include one or more prongs
5320, 5330, 5340 having tips 5222, 5232, 5342.

[0255] The first prong 5320, the second prong 5320, and/or the third prong
5340 can be radially offset. As shown, the first prong 5320 can include a bend 5224
which directs the first prong 5320 radially outward relative to the second prong 5330
such that the tips 5322, 5332 are at different radial positions relative to each other. The
third prong 5340 can include a bend 5344 which directs the third prong 5340 radially
inward relative to the second prong 5330 such that the tips 5342, 5332 are at different
radial positions relative to each other. One or more coverings and/or cushions (not
shown) can be attached to the anchoring feature 5300 which covers the tips 5322, 5332,
5342. The one or more coverings and/or cushions can span the gap between the tips
5222, 5232, 5342 to further increase the tissue contact area of the tips. The coverings
and/or cushions can include the same or similar structure to those described herein. For
example, the coverings and/or cushions can be formed from a foam material, woven or
knitted cloth or sheet, and/or an insert. While the tips 5322, 5332, 5342 are shown at or
around the same axial position, it is to be understood that the tips 5322, 5332, 5342 can
be axially offset.

[0256] With reference next to Figures 86-99, embodiments of anchoring
features 5400, 5500, 5600, 5700 are illustrated. The anchoring features 5400, 5500,
5600, 5700 can transition between a crimped or collapsed configuration and an expanded
configuration. In the collapsed configuration, the anchoring features 5400, 5500, 5600,
5700 can have a reduced crimp profile to facilitate delivery to a target location. In the
expanded configuration, the anchoring features 5400, 5500, 5600, 5700 can increase in
size which can advantageously increase the tissue contact area of the anchoring features
5400, 5500, 5600, 5700. This increased tissue contact area can beneficially reduce the
stress applied by the anchoring features 5400, 5500, 5600, 5700 to tissue thereby
reducing the amount of pressure and potential for trauma to the tissue.

[0257] With reference first to Figures 86-90 , anchoring feature 5400 is

illustrated. The anchoring feature 5400 can transition between a collapsed configuration
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(as shown in Figures 86 and 87) and an expanded configuration (as shown in Figures
88-90 ). In transitioning from the collapsed configuration to the expanded configuration,
the lateral dimension (or width) of the anchoring feature 5400 can increase.

[0258] The anchoring feature 5400 can be attached to a frame body (not
shown) via one or more struts 5410. The anchoring feature 5400 can include one or
more prongs 5420, 5430 having tips 5422, 5432. As shown in the illustrated
embodiment, the anchoring feature 5400 can have a looped profile similar to other
anchoring features described herein. The first prong 5420 and the second prong 5430
can be radially offset such that the tip 5422 of first prong 5420 is radially outward
relative to the tip 5432 of the second prong 5430. This can allow the tips 5422, 5432 to
slide relative to each other when transitioning between the collapsed configuration and
the expanded configuration. As shown, the tips 5422, 5432 can form a relatively flat
surface of the anchoring feature 5400; however, it is to be understood that the tips 5422,
5432 can take on a more rounded shape similar to other anchoring features described
herein. Moreover, while the tips 5422, 5432 are shown at or around the same axial
position, it is to be understood that the tips 5422, 5432 can be axially offset. One or
more cushions (not shown) can be attached to the anchoring feature 5400 which cover
the tips 5422, 5432.

[0259] With reference next to Figures 91 and 92, anchoring feature 5500 is
illustrated. The anchoring feature 5500 can transition between a collapsed configuration
(as shown in Figure 91) and an expanded configuration (as shown in Figure 92). In
transitioning from the collapsed configuration to the expanded configuration, the lateral
dimension (or width) of the anchoring feature 5500 can increase.

[0260] The anchoring feature 5500 can be attached to a frame body (not
shown) via one or more struts §510. The anchoring feature 5500 can include one or
more prongs 5520, 5530 having tips 5522, 5532. In the expanded configuration, the first
prong 5520 and the second prong 5530 can be laterally offset such that a gap exists
between tips 5522, 5532 of the prongs 5520, 5530. One or more coverings and/or
cushions (not shown) can be attached to the anchoring feature 5500 which cover the tips
5522, 5532. The one or more coverings and/or cushions can span the gap between the

tips 5522, 5532 to further increase the tissue contact area of the tips. The coverings
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and/or cushions can include the same or similar structure to those described herein. For
example, the coverings and/or cushions can be formed from a foam material, woven or
knitted cloth or sheet, and/or an insert. While the tips 5522, 5532 are shown at or around
the same axial position, it is to be understood that the tips 5522, 5532 can be axially
offset.

[0261] With reference next to Figures 93 and 94, anchoring feature 5600 is
illustrated. The anchoring feature 5600 can transition between a collapsed configuration
(as shown in Figure 93) and an expanded configuration (as shown in Figure 94). In
transitioning from the collapsed configuration to the expanded configuration, the lateral
dimension (or width) of the anchoring feature 5600 can increase.

[0262] The anchoring feature 5600 can be attached to a frame body (not
shown) via one or more struts 5610. The anchoring feature 5600 can include one or
more prongs 5620, 5630 having tips 5622, 5632. As shown in the illustrated
embodiment, the anchoring feature 5600 can have a generally looped profile similar to
other anchoring features described herein. The first prong 5620 and the second prong
5630 can be axially offset such that the tip 5622 of first prong 5620 is positioned above
tip 5632 of the second prong 5630. This can allow the tips 5622, 5632 to slide relative to
each other when transitioning between the collapsed configuration and the expanded
configuration. The tips 5622, 5432 can be at or around the same radial position. One or
more coverings and/or cushions (not shown) can be attached to the anchoring feature
5600 which cover the tips 5622, 5632. The one or more coverings and/or cushions can
span the axial offset between the tips 5622, 5632 to further increase the tissue contact
area of the anchoring feature 5600. The coverings and/or cushions can include the same
or similar structure to those described herein. For example, the coverings and/or
cushions can be formed from a foam material, woven or knitted cloth or sheet, and/or an
insert.

[0263] With reference next to Figures 95-99, anchoring feature 5700 is
illustrated. The anchoring feature 5700 can transition between a collapsed configuration
(as shown in Figures 95 and 96) and an expanded configuration (as shown in Figures

97-99). In transitioning from the collapsed configuration to the expanded configuration,
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the lateral dimension (or width) and/or a radial offset of the anchoring feature 5700 can
increase.

[0264] The anchoring feature 5700 can be attached to a frame body (not
shown) via one or more struts §710. The anchoring feature 5700 can include one or
more prongs 5720, 5730 having tips 5722, §732. As shown in the illustrated
embodiment, the tips 5722, 5732 can form an enlarged, looped shape. By increasing the
area of contact between the tips 5722, 5732, the enlarged looped shape can reduce the
likelihood that the tips §722, 5732 are improperly aligned prior to crimping.  For
example, the enlarged loop shape can reduce the likelihood that the tips 5722, 5732 are
in the same radial plane prior to crimping. It is to be understood that the tips 5722, 5732
can form other shapes such as those described in connection with other anchoring
features described herein.

[0265] The first prong 5720 and the second prong 5730 can be radially offset
such that the tip 5722 of first prong 5720 is radially outward relative to the tip 5732 of
the second prong $730. This can allow the tips 5722, 5732 to slide relative to each other
when transitioning between the collapsed configuration and the expanded configuration.
As shown, the tips 5722, 5732 can form a relatively flat surface of the anchoring feature
5700; however, it is to be understood that the tips 5722, 5732 can take on a more
rounded shape similar to other anchoring features described herein. Moreover, while the
tips 5722, §732 are shown at or around the same axial position, it is to be understood that
the tips 5722, 5732 can be axially offset. One or more coverings and/or cushions (not
shown) can be attached to the anchoring feature 5700 which cover the tips 5722, 5732.
The one or more coverings and/or cushions can span the radial offset and/or lateral offset
between the tips 5722, 5732 to further increase the tissue contact area of the anchoring
feature §700. The coverings and/or cushions can include the same or similar structure to
those described herein. For example, the coverings and/or cushions can be formed from
a foam material, woven or knitted cloth or sheet, and/or an insert.

[0266] With reference next to Figures 100-106, anchoring feature 5800 is
illustrated. The anchoring feature 5800 can include a base anchor 5810 to which one or
more additional components, such as inserts 5820, can be attached. As shown in the

illustrated embodiment, the insert 5820 can extend radially outward relative to the base
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anchor 5810 when the frame (not shown) is in an expanded configuration; however, it is
to be understood that the insert 5820 can extend in other directions relative to the base
anchor 5810. For example, the insert 5820 can extend in directions including, but not
limited to, radially inward, laterally, and/or axially relative to the base anchor 5810.

[0267] In some embodiments, the base anchor 5810 can be attached to a
frame body (not shown) of the replacement valve. For example, the base anchor 5810
can be unitarily formed with the frame body similar to other anchoring features described
herein. In some instances, the base anchor 5810 can be unitarily formed with the frame
body via laser-cutting a single tube. The insert 5820 can be formed separately from the
base anchor 5810 and attached using any of the fasteners and techniques described
herein, such as via sutures, welding, adhesives, and/or a snap-fit, such as via connectors
5826, 5828 described below. As will be described in further detail below, the insert
5820 can increase the tissue contact area of the anchoring feature 5800.

[0268] The anchoring feature 5800 can be attached to a frame body via one or
more struts 5812 of the base anchor 5810. The base anchor 5810 can include a strut
forming a portion of the tip 5830 of the anchoring feature 5800. As shown, the tip 5830
can have a looped shape which forms a hole or aperture 5816. In some implementations,
the insert 5820 can be positioned at least partially within the hole or aperture 5816.

[0269] The insert 5820 can include a rib 5822 and a platform 5824. The insert
5820 may also include one or more connectors 5826, 5828. The rib 5822 can extend
generally axially and radially when the insert 5820 is attached to the base anchor 5810.
The rib 5822 can beneficially support other portions of the insert 5820 at least when the
insert 5820 is subject to an axial load. As shown, the rib 5822 can have an arcuate shape
when viewed from a side profile. The arcuate shape can reduce the likelihood of the rib
5822 catching onto to native anatomy, such as chordae tendineae when the anchoring
feature 5800 is positioned at a target location.

[0270] The platform 5824 can form a contact surface for native anatomy,
such as a ventricular side of the native mitral valve annulus. As shown, the platform
5824 can extend laterally outward relative to the base anchor 5810 and/or the rib 5822.
The platform 5824 can form a generally planar surface. By increasing the lateral extent

of the platform 5824, the tissue contact area of the anchoring feature 5800 can be
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significantly increased. This increased tissue contact area can beneficially reduce the
stress applied by the anchoring feature 5800 to tissue thereby reducing the amount of
pressure and potential for trauma to the tissue.

[0271] In some embodiments, the insert 5820 can include one or more
connectors 5826, 5828. The connectors 5826, 5828 can be used to facilitate coupling of
the insert 5820 to the base anchor 5810. In some embodiments, the one or more
connectors 5826, 5828 can snap fit into openings of the base anchor 5810. For example,
one or more complementary openings (not shown) can be formed along the strut within
the hole or aperture 5816 of the base anchor 5810. In some embodiments, the one or
more connectors 5826, 5828 can extend across the hole or aperture 5816 and clamp onto
an opposite side of the base anchor 5810. However, it is to be understood that the one or
more connectors 5826, 5828 can be omitted.

[0272] Use of separate components can beneficially allow for localized
control over performance characteristics of the anchoring feature 5800. In some
embodiments, the base anchor $810 can be formed from a relatively rigid material and
the insert 5820 can be formed from another material which may be more compliant than
the material used for the base anchor 5810. This can increase the strength of the base
anchor 5810 to allow the base anchor 5810 to resist loads imposed on the anchoring
feature 5800 while in use. The compliancy of the insert 5820 can better conform to the
native anatomy to enhance the tissue contact area and reduce the potential for trauma to
tissue of the native anatomy. In some embodiments, the base anchor 5810 can be formed
from a metal, such as nitinol, and the insert 5820 can be formed from a softer metal or
plastic. The insert 5820 can have a cushion-like structure similar to other cushions
described herein. For example, the insert 5820 can be formed at least partially from a
foam material. This can beneficially enhance the compliancy of the insert 5820 and
allow the insert 5820 to better conform to native anatomy. In some embodiments, at
least the platform 5824 is formed from a foam material. As another example, at least the
insert 5820 can be formed from a material that facilitates tissue ingrowth or formation.
This can further enhance securement of the anchoring feature 5800 to tissue of the native

anatomy.
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[0273] It is to be understood that the base anchor 5810 and the insert 5820
can be formed from the same material. Use of separate components can facilitate
manufacture of the anchoring feature 5800. As noted above, the base anchor 5810 can
be unitarily formed with the frame body via laser-cutting a single tube. In such an
embodiment, it may be difficult or impossible to form the geometry of the insert $820.
As such, the insert 5820 can be manufactured via an alternative manufacturing method.

[0274] With reference next to Figure 107, a cross-sectional schematic of an
embodiment of a delivery system 5900 is illustrated. The delivery system 5900 can
include an outer sheath 5910 and an inner sheath or rail 5912. Two anchoring features
5920, 5930 are illustrated within the outer sheath 5910 in a crimped or collapsed
configuration. Although two anchoring features 5920, 5930 are shown, it is to be
understood that a fewer or greater number of anchoring features can be used. Moreover,
although two different anchoring features 5920, 5930 are illustrated, it is to be
understood that the anchoring features can be the same.

[0275] Anchoring feature 5920 can share structures similar to anchoring
feature 5800 described above. For example, the anchoring feature 5920 can include a
base anchor 5922 and an insert 5924. In the illustrated embodiment, the insert 5924 of
the anchoring feature 5920 extends radially inward relative to the base anchor 5922.
This can more efficiently utilize the available space between the outer sheath $910 and
the inner sheath 5912. In some embodiments, when the replacement valve is released
and transitioned into the expanded configuration, the anchoring feature 5920 can flip
around in a manner similar to other anchoring features described herein. In so doing, the
insert 5924 can be positioned radially outward relative to the base anchor §920 similar to
anchoring feature 5800.

[0276] Anchoring feature 5930 can share structures similar to anchoring
features 5400, 5700 described above. For example, the anchoring feature 5930 can
include a first prong 5932 and a second prong 5934 which are radially offset relative to
each other. In the illustrated embodiment, the first prong 5932 of the anchoring feature
5930 is positioned radially outward of the second prong 5934 and is wider than the
second prong 5934. This can more efficiently utilize the available space between the

outer sheath 5910 and the inner sheath 5912.
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[0277] With reference next to Figure 108, a portion of an embodiment of a
frame 6000 is illustrated. The frame 6000 can include a frame body 6010 having one or
more struts forming cells 6012. The frame 6000 can include an anchoring feature 6020
having a strut 6022 and a tip 6024. As shown in the illustrated embodiment, the tip 6024
can form a looped shape; however, it is to be understood that the tip 6024 can
incorporate any other tip configuration described herein. The strut 6022 can split into
two or more struts 6026a, 6026b proximate a base or pivot location 6028 between the
frame body 6010 and the anchoring feature 6020. As shown, the strut 6022 can bifurcate
into two struts 6026a, 6026b which are each connected to struts 6014a, 6014b forming
part of cells 6012. The struts 6014a, 6026a can be disconnected from struts 6014b,
6026b such that the struts 6014a, 6026a are movable relative to struts 6014b, 6026b.

[0278] This configuration can beneficially reduce strains imposed on the
struts 6014a, 6014b, 6026a, 6026b when the frame 6000 is in a collapsed or crimped
configuration and/or when the frame 6000 is subject to fatigue loading. The struts can
effectively widen the outflow struts to allow for a greater distribution of strain during
crimping and/or during fatigue loading since the struts are separated into two individual
members. Moreover, as shown in the illustrated embodiment, the aspect ratio of the
anchoring feature 6020 proximate the base or pivot location 6028 is larger than the
aspect ratio of the anchoring feature 6020 further distal of the base or pivot location
6028. This can beneficially reduce resistance to side-loading and/or out-of-plane
loading.

[0279] Moreover, in some implementations, localized stresses at the pivot
location 6028 can be sufficient to effect at least a partial phase transformation of the
material at the pivot location 6028. For example, in embodiments utilizing nitinol,
localized stresses can be sufficient to cause at least partial “martensitic transformation”
of nitinol at the pivot location 6028. This “martensitic transformation™ can transform
nitinol into the martensite phase from the austenite phase which has different material
properties than the austentite phase. For example, nitinol in the austenite phase is less
malleable and does not exhibit the same level of elastic deformation characteristics as

nitinol in the martensite phase.
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[0280] With respect to the geometry illustrated in Figure 108, further
crimping of the cells 6012 can cause the slot between struts 6026a, 6026b to increase in
size. In implementations where the nitinol anchor flips from the collapsed configuration
to the expanded configuration, this can be particularly advantageous. In such an
implementation, when the nitinol anchor is released and allowed to expand while the
cells 6012 remain in a compressed configuration, the nitinol anchor can flip to a lesser
degree to facilitate positioning of the nitinol anchor between chordae tendineae and/or
native leaflets. When such localized stresses at the pivot location 6028 are released, such
as by allowing the cells 6012 to expand, material at the pivot location 6028 can revert
back to the austentite phase.

[0281] With reference next to Figures 109-111, portions of embodiments of
frames 6100, 6200 are illustrated. The frames 6100, 6200 can include anchoring features
6120, 6220 with anchors having different lengths. This can allow the anchors to have
different heights when the frames 6100, 6200 are in an expanded configuration. This can
be particularly advantageous in situations where the native anatomy is non-planar. For
example, the native mitral valve typically has a non-planar, saddle-shape. By better
matching the length of the anchoring features 6120, 6220 with the shape of the native
anatomy, the load distribution on frames 6100, 6200 as well as the native anatomy can be
improved.

[0282] With reference first to Figure 109A, frame 6100 is illustrated. The
frame 6100 can include a frame body 6110 having one or more struts 6012 forming cells
(not shown). The frame 6100 can include an anchoring feature 6120 in the form of
multiple individual anchors 6122a-e. As shown in the illustrated embodiment, the
individual anchors 6122a-e can have different lengths. The lengths can be chosen based
on the contemplated position of the individual anchors 6122a-e on the native valve
anatomy. For example, short anchors such as anchor 6122b can be positioned at an
anterior or posterior location of the native mitral valve (e.g., the A2 and P2 lobes as
shown in Figure 109B) whereas longer anchors such as anchor 6122e can be positioned
at or proximate commissures of the native mitral valve (e.g., the A1, A3, P1, or P3 lobes

as shown in Figure 109B).
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[0283] Since certain regions of annular tissue may have greater stiffness than
other regions of annular tissue, certain regions of annular tissue may be better suited for
anchoring and load transfer. In some embodiments, the strength and/or compliancy of
individual anchors 6122a-e can differ. For example, primary, load-bearing anchors can
be stiffer than other anchors. These primary, load-bearing anchors can be designed to
engage stiffer tissue at anterior or posterior locations of the native mitral valve. In some
implementations, two primary anchors can be positioned behind the native anterior
leaflet. Two or three primary anchors can be positioned behind the native posterior
leaflet. This can beneficially enhance securement to the native annulus. For example,
primary anchors can be positioned at the Al and A3 lobes of the native anterior leaflet
6130 and/or the P1, P2, and P3 lobes of the native posterior leaflet 6140 (as shown in
Figure 109B). Moreover, this can beneficially increase the likelihood that at least one
anchor extends behind the leaflets. Although four to five primary anchors have been
described, it is to be understood that a fewer or greater number of primary anchors can be
used. For example, in some embodiments, two to six primary anchors can be utilized.

[0284] Secondary anchors can be more compliant than other anchors. These
secondary anchors can interact with more compliant tissue. In some implementations,
these secondary anchors can be sized and shaped to isolate and/or immobilize the free
edge of a native leaflet. This can beneficially reduce movement of the native leaflet
during the cardiac cycle which can, in some instances, advantageously improve tissue
ingrowth and/or reduction of paravalvular leakage. In some implementations, secondary
anchors can be positioned at the A2 lobe of the native anterior leaflet 6130 and/or the
commissures of the native mitral valve. The number of secondary anchors can be chosen
to obtain a total number of desired anchors. For example, in embodiments having twelve
anchors, the frame 6100 can have five primary anchors and seven secondary anchors. It
is to be understood that a fewer or greater number of total anchors may be used as
described above (e.g., nine total anchors).

[0285] With reference next to Figures 110 and 111, frame 6200 is illustrated.
The frame 6200 can include a frame body 6210 having one or more struts forming cells
6212. The frame 6200 can include an anchoring feature 6220 having one or more

anchors 6222a, 6222b. As shown in the illustrated embodiment, the individual anchors
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6222a, 6222b can be adjustable to different heights. The heights can be changed based
on the positioning of the individual anchors 6222a, 6222b relative to the native valve
anatomy such as the native mitral valve annulus 6230. Individual placement of anchors
can advantageously provide the user more controlled deployment of individual
anchors. In some embodiments, a slight tug by the operator can be applied after each
individual anchor is placed to verify that the anchor is well placed before moving onto
the next anchor. In this manner, individual anchors can be more suitably positioned
relative to the native valve anatomy. This can advantageously reduce the likelihood that
the frame 6200 tilts or rocks during the various cardiac cycles of the patient’s heart.
Among other benefits, this can reduce the likelihood of paravalvular leakage which may
be caused by tilting or rocking of the frame 6200.

[0286] With reference to Figure 111, one or more of the anchors, such as
anchor 6222b, can be attached to the frame body 6210 via one or more connector tabs
6214, 6216, 6218. The connector tabs 6214, 6216, 6218 can include apertures through
which a strut 6224b of the anchor 6222b can be passed. As shown, a first connector tab
6214 can be positioned along a bottom region of a cell 6212. For example, the first
connector tab 6214 can be positioned at or proximate a bottom apex of the cell 6212. A
second connector tab 6216 can be positioned along a top region of a cell 6212. For
example, the second connector tab 6216 can be positioned at or proximate a top apex of
the cell 6212. A third connector tab 6218 can be positioned between the first and second
connector tabs 6214, 6216.

[0287] In some embodiments, the connector tabs 6214, 6216, 6218 can be
sized and shaped to retain the anchor 6222b in position. For example, as shown in the
illustrated embodiment, the connector tabs 6216, 6218 can be biased in a direction which
is non-perpendicular to a longitudinal axis of the frame body 6210. As such, the
connector tabs 6216, 6218 can impose a frictional force on the strut 6224b which can
resist translation of the strut 6224b relative to the connector tabs 6216, 6218. This
frictional force is preferably sufficient to resist axially directed forces exerted on the
anchor 6222b. In some embodiments, the connector tabs 6216, 6218 can allow the
anchor 6222b to move axially in one direction (e.g., proximally) while inhibiting or

preventing movement in the opposite direction (e.g., distally). For example, this can
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allow the operator to pull on the anchor 6222b in a proximal direction to shorten the
anchor 6222b while inhibiting the anchor 6222b from moving distally and elongating
during operation in the patient’s heart. In some embodiments, the connector tabs 6216,
6218 can be pinched or squeezed towards each other to reduce this frictional force
thereby facilitating adjustment of the length of the anchor 6222b.

[0288] While the frame 6200 includes connector tabs 6214, 6216, 6218, it is
to be understood that other types of connection mechanisms can be used in conjunction
with, or in lieu of, connector tabs 6214, 6216, 6218. For example, the frame 6200 can
include a ratcheting mechanism which allows the length of the anchors to be reduced
while inhibiting or preventing the length of the anchors to be increased. It is to be
understood that the tips of the anchoring features 6220 can include any of the features
and structures described herein with respect to other anchoring features.

[0289] With reference next to Figures 112-117, portions of embodiments of
frames 6300, 6400 are illustrated. The frames 6300, 6400 can include anchoring features
6320, 6420 with anchors having struts attached to the frame 6300, 6400 at two or more
locations. This can beneficially enhance the strength of the anchors of the anchoring
features 6320, 6420.

[0290] With reference first to Figures 112-114, a portion of an embodiment
of a frame 6300 is illustrated. The frame 6300 can include a frame body 6310 having
one or more struts forming cells 6312. The frame 6300 can include an anchoring feature
6320 having one or more combined anchors 6322. As shown in the illustrated
embodiment, the combined anchors 6322 can be formed from a first strut 6324a and a
second strut 6324b which can extend from different portions of the frame body 6310.
For example, the first strut 6324a and the second strut 6324b can extend from different
cells of the frame body 6310. While the struts 6324a, 6324b are spaced apart about one
cell length, it is to be understood that this distance can be increased or decreased.

[0291] In the expanded configuration, the tip 6326a of the first strut 6234a
and the tip 6326b of the second strut 6324b can overlap. The overlap between the tips
6326a, 6326b can allow forces imposed on the tips 6326a, 6326b to be distributed
between the two struts 6324a, 6324b. This can allow the struts 6324a, 6324b to be

thinner which can facilitate delivery. For example, the use of thinner struts can facilitate
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crimping of the struts for positioning within a delivery system. As another example, the
user of thinner struts can allow the struts to more easily pass between chordae tendineae
when the frame 6300 is utilized in the native mitral valve and the anchoring feature 6320
is positioned within the left ventricle. As shown, the tips 6326a, 6326b overlap such that
the tips are generally aligned along a plane passing through a longitudinal axis of the
frame 6300. Moreover, the struts 6324a, 6324b can extend towards each other such that
the lateral width of the combined anchor 6322 can be reduced. The reduced lateral width
of the anchors can allow the combined anchor 6322 to more easily pass between chordae
tendineae when the frame 6300 is utilized in the native mitral valve and the anchoring
feature 6320 is positioned within the left ventricle.

[0292] In some embodiments, struts 6324a, 6324b can be positioned in a
non-overlapping manner when the frame 6300 is in a collapsed or crimped configuration.
As the frame 6300 transitions to the expanded configuration, the struts 6324a, 6324b can
shift in position such that the struts overlap. This can beneficially allow the struts
6324a, 6324b to extend around chordae tendineae. It is to be understood that the struts
6324a, 6324b can be positioned in an overlapping manner when the frame 6300 is in a
collapsed or crimped configuration.

[0293] With reference next to Figures 115-117, a portion of an embodiment
of a frame 6400 is illustrated. The frame 6400 can include a frame body 6410 having
one or more struts forming cells 6412. The frame 6400 can include an anchoring feature
6420 having one or more anchors 6422. As shown in the illustrated embodiment, the
anchors 6422 can be formed from a first strut portion 6424a and a second strut portion
6424b which can extend from different portions of the frame body 6410. For example,
the first strut portion 6424a and the second strut portion 6424b can extend from different
cells of the frame body 6410. While the struts 6424a, 6424b are spaced apart about one
cell length, it is to be understood that this distance can be increased or decreased.

[0294] Forces applied to the tip 6426 can be beneficially distributed between
the two struts 6424a, 6424b. This can allow the struts 6424a, 6424b to be thinner which
can facilitate delivery. For example, the use of thinner struts can facilitate crimping of
the struts for positioning within a delivery system. The strut portions 6424a, 6424b can

extend towards each other such that the lateral width of the anchor 6422 can be reduced.
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The reduced lateral width of the anchors can allow the anchor 6422 to more easily pass
between chordae tendineae when the frame 6400 is utilized in the native mitral valve and

the anchoring feature 6420 is positioned within the left ventricle.

Embodiments of Replacement Valves with Multi-Part Frames

[0295] With reference next to Figures 118-131, embodiments of prostheses
6500, 6600 and frames 6520, 6620, 6700, 6800, 6900, 7000, 7100 are illustrated. The
illustrated prostheses 6500, 6600 and frames 6520, 6620, 6700, 6800, 6900, 7000, 7100
may include components which are self-expanding or balloon expandable. As will be
discussed in further detail below, the illustrated prostheses 6500, 6600 and frames 6520,
6620, 6700, 6800, 6900, 7000, 7100 can include one or more components which are
separately formed and subsequently attached. The components can be attached using
any of the fasteners and techniques described herein, such as via sutures, welding, and/or
adhesives. In some embodiments, the components can be attached in a similar manner to
that described in U.S. Publication No. 2016/0310268, published October 27, 2016. The
prostheses 6500, 6600 and frames 6520, 6620, 6700, 6800, 6900, 7000, 7100 as well as
other prostheses described herein, may be replacement valves that can be designed to
replace a damaged or diseased native heart valve such as a mitral valve, as discussed
above. It should be understood that the prostheses 6500, 6600 and frames 6520, 6620,
6700, 6800, 6900, 7000, 7100 as well as other prostheses described herein, are not
limited to being a replacement valve.

[0296] With reference first to Figures 118 and 119, the prosthesis 6500 can
include a frame 6520, a valve body 6540, and a skirt 6560. The prosthesis 6500 can
transition between an expanded configuration (shown in Figure 118) and a collapsed or
crimped configuration (shown in Figure 119). The prosthesis 6500 can incorporate
features and concepts which are the same as, or at least similar to, those of other frames
described herein such as, but not limited to, prosthesis 100 described above in connection
with Figure 1. It is to be understood that structures, features, and/or functionality of the
components described in connection with prosthesis 100 may be applicable to those

described in connection with prosthesis 6500.
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[0297] As shown in the illustrated embodiment, the frame 6520 can include a
frame body 6522a, a first anchoring feature 6524, and a second anchoring feature 6526.
As shown in the illustrated embodiment, the frame body 6522a includes an upper region
6527, an intermediate region 6528, and a lower region 6529. The intermediate region
6528 can have a larger diameter than the upper region 6527 and/or the lower region
6529. In some embodiments, the frame 6520 can be oriented such that the upper region
6527 is a proximal or inflow portion and the lower region 6529 is a distal or outflow
portion. The frame 6520 can be formed from many different materials, including metals,
such as Nitinol.

[0298] The frame 6520 is preferably formed from a plurality of struts forming
open cells. As will be discussed in further detail below, components of the frame 6520,
such as the frame body 6522a, the first anchoring feature 6524, and/or the second
anchoring feature 6526, can be used to attach or secure the prosthesis 6500 to a native
valve. For example, the frame body 6522a and the second anchoring feature 6526 can be
used to attach or secure the prosthesis 6500 to a native valve, such as a native mitral
valve. Although the frame 6520 has been described as including a frame body 6522a, a
first anchoring feature 6524, and a second anchoring feature 6526, it is to be understood
that the frame 6520 need not include all components. For example, in some
embodiments, the frame 6520 can include the frame body 6522a and the second
anchoring feature 6526 while omitting the first anchoring feature 6524.

[0299] With continued reference to Figures 118 and 119, one or more
components of the frame 6520 can be formed separately from each other. This can
beneficially allow the performance of the frame 6520 to be more precisely tuned for
desired characteristics and uses. As shown in the illustrated embodiment, the frame body
6522a, the first anchoring feature 6524, and/or a supplemental frame 6522b can be
formed separately from each other and subsequently attached. The frame body 6522a,
the first anchoring feature 6524, and/or the supplemental frame 6522b can be attached
using any of the fasteners and techniques described herein, such as via sutures, welding,
and/or adhesives. In some embodiments, the frame body 6522a, the first anchoring
feature 6524, and/or a supplemental frame 6522b can be delivered to the native valve

separately from the frame 6520.
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[0300] Use of separate components can beneficially allow for localized
control over performance characteristics of the frame 6520. For example, the
supplemental frame 6522b can locally reinforce a portion of the frame body 6522a by
effectively increasing the wall thickness of the frame body 6522a. As shown, the
supplemental frame 6522b can be positioned proximate a lower region 6529 of the frame
6520. In some implementations, such as those in which the replacement valve 6500 is
used in a native mitral valve, the lower region 6529 of the frame 6520 can be subject to
more stresses than the upper region 6527 of the frame 6520. By locally reinforcing
portions of the frame body 6522a subject to greater stresses, the wall thickness in other
portions of the frame 6520 which are subject to lower stresses can be remain thinner.
This can allow other desirable characteristics, such as crimp diameter, to be generally
maintained.

[0301] Moreover, as will be discussed in further detail below, use of separate
components can allow different geometries to exist along different “layers™ of the frame
6520. As shown in Figure 119, the frame 6520 can have a multi-layer construction with
supplemental frame 6522b forming an inner layer, frame body 6522a forming an
intermediate layer, and/or first anchoring feature 6524 forming an outer layer. In this
manner, supplemental frame 6522b, frame body 6522a, and/or first anchoring feature
6524 can be located in different circumferential planes. This can beneficially
disassociate at least some impact of the various components on each other when the
frame 6520 is in a crimped or collapsed configuration. This can advantageously reduce
the crimp diameter of the frame 6520 since the components of frame 6520 crimp “in
parallel” (i.e., along different planes) as compared to “in series” (i.e., within the same
plane). Moreover, this can advantageously reduce the crimp length of the frame 6520
since the frame 6520 need not be designed to accommodate “in series” crimping of the
anchoring features thereby allowing the frame 6520 to be made more compact.

[0302] As noted above, the frame components can be attached to each other
using any of the fasteners and techniques described herein, such as via sutures, welding,
and/or adhesives. In some implementations, the frame components can be attached in
such a manner that some degree of movement may occur between the frame components.

For example, in embodiments where the frame components are sutured together, the
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frame components may be capable of sliding relative to other frame components. This
can beneficially reduce the effects each frame component has on each other during
crimping. For example, this can allow the frame components to crimp together at the
same or similar rate such that the frame components have about the same or similar
strains.

[0303] With continued reference to the prosthesis 6500 illustrated in Figures
118 and 119, the valve body 6540 is attached to the frame 6520 within an interior of the
frame 6520. The valve body 6540 functions as a one-way valve to allow blood flow in a
first direction through the valve body 6540 and inhibit blood flow in a second direction
through the valve body 6540. For example, in embodiments where the upper region
6527 is a proximal portion and the lower region 6529 is a distal portion, the valve body
6540 can allow blood flow in a proximal-to-distal direction and inhibit blood flow in a
distal-to-proximal direction. The valve body 6540 preferably includes a plurality of
valve leaflets 6542, for example three leaflets 6542, which are joined at commissures.
As will be discussed in further detail below in connection with additional figures, the
valve body 6540 can include one or more intermediate components 6544. The
intermediate components 6544 can be positioned between a portion of, or the entirety of,
the leaflets 6542 and the frame 6520 such that at least a portion of the leaflets 6542 are
coupled to the frame 6520 via the intermediate component 6544. In this manner, a
portion of, or the entirety of, the portion of the valve leaflets 6542 at the commissures
and/or an arcuate edge of the valve leaflets 6542 are not directly coupled or attached to
the frame 6520 and are indirectly coupled or “float™ within the frame 6520.

[0304] Although the valve body 6540 has been described as including a
plurality of leaflets 6542 and one or more intermediate components 6544, it is to be
understood that the valve body 6540 need not include all features. For example, the
valve body 6540 can include the plurality of valve leaflets 6542 while omitting the
intermediate components 6544. In some embodiments, the valve leaflets 6542 can be
directly attached to the frame 6520.

[0305] With continued reference the prosthesis 6500 illustrated in Figures
118 and 119, the skirt 6560 can be attached to the frame 6520. The skirt 6560 can be

positioned around and secured to an exterior of the frame 6520. The skirt 6560 can be
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annular and can extend entirely circumferentially around the frame 6520. The skirt 6560
can prevent or inhibit backflow of fluids, such as blood, around the prosthesis 6500. For
example, with the skirt 6560 positioned annularly around an exterior of the frame 6520,
the skirt 6560 can create an axial barrier to fluid flow exterior to the frame 6520 when
deployed within a body cavity such as a native valve annulus. The skirt 6560 can
encourage tissue in-growth between the skirt 6560 and the natural tissue of the body
cavity. This may further help to prevent leakage of blood flow around the prosthesis
6500 and can provide further securement of the prosthesis 6500 to the body cavity. In
some embodiments, the skirt 6560 can be loosely attached to the exterior of the frame
6520. In some embodiments, the skirt 6560 can be tautly secured around the frame
6520. As shown in the illustrated embodiment, the skirt 6560 can extend along at least a
portion of the second anchoring feature 6526. In some implementations, this can allow
the skirt 6560 to form a flange along a lower region 6529 of the frame 6520 when the
frame 6500 is in an expanded configuration. This can beneficially enhance sealing along
the lower region 6529 of the frame 6520.

[0306] As shown, the shape of the frame 6520, in conjunction with the shape
of the leaflets 6542 and intermediate components 6344, can beneficially enhance
hemodynamic performance. For example, the shape of the frame 6520 with a larger
intermediate region 6520 can allow for increased motion of the leaflets 6542 when
transitioning between systole and diastole. This increased motion can help push or pull
blood into and out of the region between the leaflets 6542 and the frame 6520 thereby
increasing flow in the region. Moreover, the shape of the frame 6520, in conjunction
with the shape of the leaflets 6542 and intermediate components 6544, can allow for
significant washout on an underside of the valve body 6540. That is, the shape of the
frame 6520, in conjunction with the shape of the leaflets 6542 and intermediate
components 6544, can enhance the exchange of blood from a prior cardiac cycle — which
may have stagnated and accumulated in crevices, pockets, and/or surfaces of the frame
6520, valve 6540, and/or skirt 6560 — with fresh blood from a current cardiac cycle.

[0307] As shown, the connection between the frame 6520 and the
intermediate component 6544 can be greater than 90°. Preferably, the connection

between the frame 6520 and the intermediate component 6544 can be generally aligned
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when the leaflets 6542 such that the intermediate component 6544 forms a tangent
surface with the frame 6520. That is, the connection between the frame 6520 and the
intermediate component 6544 can be about 180° when the leaflets are in a closed
position (e.g., during systole). In some implementations, the angle 0 of the connection
between the frame 6520 and the intermediate component 6544 can be between about
160° to about 185°, between about 140° to about 190°, between about 120° to about
195°, any sub-ranges within these ranges, or other angles as desired, when the leaflets
6542 are in a closed position. This tangent surface can enhance flow over the underside
of the leaflets 6542 and/or intermediate components 6544 during systole. Moreover, the
increased radius of curvature can reduce flow resistance and regions where flow could
stagnate and initiate thrombus formation. In some embodiments, the radius of curvature
can be about 15mm, between about 12mm to about 20mm, between about 8mm to about
25mm, between about Smm to about 30mm, any sub-ranges within these ranges, or other
radii as desired, when the leaflets 6542 are in a closed position.

|0308] Although the prosthesis 6500 has been described as including a frame
6520, a valve body 6540, and a skirt 6560, it is to be understood that the prosthesis 6500
need not include all components. For example, in some embodiments, the prosthesis
6500 can include only the frame 6520 and the valve body 6540 while omitting the skirt
6560.

[0309] With reference next to the prosthesis 6600 illustrated in Figures 120
and 121, the prosthesis 6600 can include a frame 6620, a valve body 6640, and a skirt
6660. The frame 6620 can be self-expanding or balloon expandable. As shown in the
illustrated embodiment, the frame 6620 can include a frame body 6622a formed from a
plurality of struts defining a plurality of cells 6624. One or more of the cells 6624 can
allow the frame 6620 to longitudinally foreshorten when the frame 6620 radially
expands.

[0310] The frame 6620 can include a first anchoring feature 6626 and a
second anchoring feature 6628. As shown, the first anchoring feature 6626 can be
formed from a plurality of individual anchors extending from the frame body 6622a in a
direction radially outward from a longitudinal axis of the frame 6620 and/or in a

direction generally toward a lower end of the frame 6620. As shown in the illustrated
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embodiment, the first anchoring feature 6626 can include twelve individual anchors;
however, it is to be understood that a greater number or lesser number of individual
anchors can be used. For example, the number of individual anchors can be chosen as a
multiple of the number of commissures for the valve body 6640. As such, for a
prosthesis 6600 with a valve body 6640 having three commissures, the first anchoring
feature 6626 can have three individual anchors, six individual anchors, nine individual
anchors, twelve individual anchors, fifteen individual anchors, or any other multiple of
three. It is to be understood that the number of individual anchors need not correspond
to the number of commissures of the valve body 6640.

[0311] As shown in the illustrated embodiment, the first anchoring feature
6626 can be formed separately from the frame body 6622a. The first anchoring feature
6626 can include structures which generally match that of the frame body 6622a. For
example, the first anchoring feature 6626 can include a plurality of struts 6627 forming
cells which generally match the shape of the struts 6623a and/or cells of the frame body
6622a. 'This can allow at least some of the struts 6627 of the first anchoring feature 6626
to be aligned with struts 6623a of the frame body 6622a. This can beneficially facilitate
attachment of the first anchoring feature 6626 to the frame body 6622a. The first
anchoring feature 6626 can also include one or more struts 6628 which include tips 6629
in the form of eyelets. The one or more struts 6628 can extend radially outwardly and/or
downwardly. As shown, sutures 6630 can wrap around struts 6627 of the first anchoring
feature 6626 and struts 6623a of the frame body 6622a to couple the first anchoring
feature 6626 and the frame body 6622a together; however, it is to be understood that
other attachment mechanisms can be used such as those described herein including, but
not limited to, welding and adhesives.

[0312] As shown, the second anchoring feature 6632 can be formed from a
plurality of individual anchors extending from the frame body 6622a in a direction
radially toward the longitudinal axis of the frame 6620 and bent to extend in a direction
radially outward from the longitudinal axis of the frame 6620. A portion of the
individual anchors, such as tips or ends 6633, can extend in a direction generally toward
an upper end of the frame 6320. The individual anchors of the second anchoring feature

6632 can include tips or ends 6633 having covers and/or cushions as shown. In some
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embodiments, the tips or ends 6633 can be enlarged relative to the preceding portion of
the second anchoring feature 6632, such as a strut. The covers and/or cushions can
reduce pressure applied to tissue of the body cavity, such as the native valve annulus,
when the tips or ends 6633 contact the native valve annulus. As shown in the illustrated
embodiment, the second anchoring feature 6632 can include twelve individual anchors;
however, it is to be understood that a greater number or lesser number of individual
anchors can be used. For example, the number of individual anchors can be chosen as a
multiple of the number of commissures for the valve body 6640. As such, for a
prosthesis 6600 with a valve body 6640 having three commissures, the second anchoring
feature 6632 can have three individual anchors, six individual anchors, nine individual
anchors, twelve individual anchors, fifteen individual anchors, or any other multiple of
three. It is to be understood that the number of individual anchors need not correspond
to the number of commissures of the valve body 6640.

[0313] The frame 6620 preferably includes a set of locking tabs 6634
extending from the frame body 6622a at its upper end. As shown, the frame 6620
includes twelve locking tabs 6634, however, it is to be understood that a greater number
or lesser number of locking tabs can be used. The locking tabs 6634 can extend
generally upwardly from the frame body 6622a in a direction generally aligned with the
longitudinal axis of the frame 6620. The locking tab 6634 can include an enlarged head
or end 6635. As shown, the enlarged head or end 6636 has a semi-circular or semi-
elliptical shape forming a “mushroom™ shape with the remaining portion of the locking
tab 6634. The locking tab 6634 can include an eyelet which can be positioned through
the enlarged head 6635. It is to be understood that the locking tab 6635 can include an
eyelet at other locations, or can include more than a single eyelet. The locking tab 6634
can be advantageously used with multiple types of delivery systems such as a “slot-
based” delivery system and/or a “tether-based” delivery system.

[0314] As shown in Figure 121, the frame 6620 can include a supplemental
frame 6622b which can be used to reinforce portions of the frame body 6622a. The
supplemental frame 6622b can be formed separately from the frame body 6622a. The
supplemental frame 6622b can include structures which generally match that of the

frame body 6622a. For example, the supplemental frame 6622b can include a plurality
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of struts 6623b forming cells which generally match the shape of the struts 6623a and/or
cells of the frame body 6622a. This can allow at least some of the struts 6623b of the
supplemental frame 6622b to be aligned with struts 6623a of the frame body 6622a.
This can beneficially facilitate attachment of the supplemental frame 6622b to the frame
body 6622a. As shown, the supplemental frame 6622b can extend along the entire
circumferential periphery of the frame body 6622a (e.g., a loop); however, it is to be
understood that the supplemental frame 6622b can extend along only a portion of the
circumferential periphery of the frame body (e.g., an arc segment).

[0315] The supplemental frame 6622b can include struts which extend
further below struts forming the frame body 6622a. This can beneficially increase the
area to which the valve body 6640 can be attached to the frame 6620. For example, the
valve body 6640 can be attached to portions of the supplemental frame 6622b extending
below the frame body 6622a. In some implementations, the size of the supplemental
frame 6622b can be chosen based on the type of valve body 6640 being used. For
example, in some embodiments, the supplemental frame 6622b may not extend below
the frame body 6622a. As shown, sutures 6631 can wrap around struts 6623b of the
supplemental frame 6622b and struts 6623a of the frame body 6622a to couple the first
supplemental frame 6622b and the frame body 6622a together; however, it is to be
understood that other attachment mechanisms can be used such as those described herein
including, but not limited to, welding and adhesives.

[0316] With continued reference to the prosthesis 6600 illustrated in Figures
120 and 121, the valve body 6640 preferably includes a plurality of valve leaflets 6642.
The valve body 6640 can include one or more intermediate components such as first
intermediate component 6644 and second intermediate component 6646. The valve
leaflet 6642 can be similar to leaflet 1110 illustrated in Figure 19A which includes a first
edge 1112, a second edge 1114, and tabs 1116. The plurality of valve leaflets 6642 can
function in a manner similar to the native mitral valve, or to any other valves in the
vascular system as desired. As shown in the illustrated embodiment, a portion of the
valve body is attached to the supplemental frame 6622b.

[0317] The skirt 6660 can be loosely attached to the exterior of the frame

6620. The skirt 6660 can be formed from one or more components. As shown, the skirt
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6660 can extend from an upper region of the frame 6620 towards a lower region of the
frame 6620. An upper portion of the skirt 6660 can extend between the frame body
6622a and the first anchoring feature 6626. The lower portion of the skirt 6660 can
extend distally towards the second anchoring feature 6632. As shown, the lower portion
of the skirt 6660 can extend around anchors of the second anchoring feature 6632 can
form a flange 6662. This can beneficially enhance sealing along the lower region of the
frame 6600. The skirt 260 can be formed from a variety of materials, such as a knit
polyester (e.g., polyethylene terephthalate (PET)) or any other biocompatible material.

[0318] As shown in the illustrated embodiment, the skirt 6660 can be
attached at or proximate the upper end of the frame 6620 and at or proximate the lower
end of the frame 6620. The skirt 6660 can be formed with sufficient material such that a
portion of the skirt 6660 positioned around a middle portion of the frame 6620 is loose
relative to an exterior of the frame 6620.

[0319] With reference next to the frame 6700 illustrated in Figures 122 and
123, the frame 6700 1s shown in an expanded configuration. The frame 6700 can include
a frame body 6702a and a supplemental frame 6702b. The frame 6700 can have an
upper region 6710, an intermediate region 6720, and a lower region 6730. A
longitudinal axis of the frame 6700 may be defined as the central axis that extends
through the center of the frame 6700 between the upper and lower ends of the frame
6700. In some embodiments, the frame 6700 may be oriented such that the upper region
6710 is a proximal portion and the lower region 6730 is a distal portion. The frame 6700
can include an anchoring feature 6740 positioned at the intermediate region 6720 and/or
lower region 6730. In some embodiments, the frame 6700 may be oriented such that the
anchoring feature 6740 is a distal anchoring feature. It is to be understood that the frame
6700 can include other anchoring features. For example, the frame 6700 can include an
anchoring feature positioned above the anchoring feature 6740 which can be a proximal
anchoring feature.

[0320] Anchoring feature 6740 can contact or engage a native valve annulus,
such as the native mitral valve annulus, tissue beyond the native valve annulus, native
leaflets, and/or other tissue at or around the implantation location during one or more

phases of the cardiac cycle, such as systole and/or diastole. For example, when the frame
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6700 is used for a replacement mitral valve prosthesis, during at least systole, in some
embodiments the anchoring feature 6740 is sized to contact or engage the native mitral
valve annulus. While the anchoring feature 6740 has been illustrated as extending from
between the intermediate and lower regions 6730 of the frame 6700, it is to be
understood that the anchoring feature 6740 can be positioned along any other portion of
the frame 6700 as desired.

[0321] As shown, the frame body 6702a and/or the supplemental frame
6702b, when in an expanded configuration such as in a fully expanded configuration, has
a bulbous or slightly bulbous shape, with an intermediate region 6720 being larger than
the upper region 6710 and the lower region 6730. The bulbous shape of the frame body
6702 can advantageously allow the frame body 6702 to engage a native valve annulus or
other body cavity, while spacing the inlet and outlet from the heart or vessel wall. This
can advantageously reduce undesired contact between the prosthesis and the heart or
vessel, such as the atrial and ventricular walls of the heart.

[0322] As shown in the illustrated embodiment, the intermediate region 6720
is preferably cylindrical or generally cylindrical in shape such that a diameter of an upper
end of the intermediate region 6720 and/or a diameter of a lower end of the intermediate
region 6720 is equal or generally equal to the diameter of a middle portion of the
intermediate region 320. The general uniformity of the diameter of the intermediate
region 6720 from the upper end to the lower end, in conjunction with the axial dimension
between the upper end and the lower end (i.e., the “height” of the intermediate region
6720), provides for a significantly large circumferential area upon which a native valve
annulus, or other body cavity, can be engaged. Although the frame body 6702, such as
the intermediate portion 6702, has been described and illustrated as being cylindrical, it
is to be understood that all or a portion of the frame body 6702 can be have a non-
circular cross-section such as, but not limited to, a D-shape, an oval or an otherwise
ovoid cross-sectional shape.

[0323] In some embodiments, the diameter of the upper end of the
intermediate region 6720 and the lower end of the intermediate region 6720 can be about
the same. However, it is to be understood that the diameter of the upper end of the

intermediate region 6720 and the lower end of the intermediate region 6720 can differ.
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[0324] With continued reference to the frame 6700 illustrated in Figures 122
and 123, at the juncture between the intermediate region 6720 and the upper region
6710, the frame body 6702a can include a bend 6712. The bend 6712 can be a radially
inward bend towards the longitudinal axis of the frame 6700 such that a portion of the
upper region 6710, extending upwardly from the beginning of bend 6712 adjacent the
intermediate region 6720, is inclined or curved towards the longitudinal axis of the frame
6700. The radially inward inclination of the upper region 6710 can allow for a
substantial decrease in radial dimension over a relatively small axial dimension. The
greater the degree of inclination, the greater the decrease in radial dimension per increase
in axial dimension. This can beneficially provide a relatively compact form factor for
the frame 6700.

[0325] As shown in the illustrated embodiment, the diameter of the upper end
of the upper region 6710 can be less than the diameter of the lower end of the lower
region 6730. However, it should be understood that the diameter of the upper end of the
upper region 6710 can be the same as, or greater than, the diameter of the lower end of
the lower region 6730. Moreover, in some embodiments, the frame 6700 may not have a
bulbous portion, and can have substantially the same outer dimension along its entire
length (e.g., cylindrical).

[0326] With continued reference to the frame 6700 illustrated in Figures 122
and 123, the frame body 6702a can include a plurality of struts with at least some of the
struts forming cells 6750a, 6750b, 6750¢c. The supplemental frame 6702b can include a
plurality of struts with at least some of the struts forming cells 6750d. Any number of
configurations of struts can be used, such as rings of undulating struts shown forming
ellipses, ovals, rounded polygons, and teardrops, but also chevrons, diamonds, curves,
and various other shapes. As shown in the illustrated embodiment, the frame body
6702a and the supplemental frame 6702b such that the frame 6700 can include four rows
of cells 6750a, 6750b, 6750¢, 6750d. However, it is to be understood that the frame
body 6702a and/or supplemental frame 6702b can include a fewer or greater number of
rows of cells. Moreover, it is to be understood that the frame body 6702a and

supplemental frame 6702b can be arranged with cells overlapping each other such that
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the frame 6700 has fewer rows of cells. For example, cells 6750¢ and cells 6750d can
overlap such that the frame 6700 has three rows of cells.

[0327] The cell 6750a can be formed via a combination of struts. As shown
in the illustrated embodiment, the upper portion of cells 6750a can be formed from a set
of circumferentially-expansible struts 6752 having a zig-zag or undulating shape forming
a repeating “V” shape. The circumferentially-expansible struts 6752 can be inclined or
curved towards a longitudinal axis of the frame 6700 such that an upper portion of the
struts 6752 are positioned closer to the longitudinal axis of the frame 6700 than the lower
portion of the struts 6752.

[0328] The lower portion of cells 6750a can be formed from a set of
circumferentially-expansible struts 6754 having a zig-zag or undulating shape forming a
repeating “V” shape. As shown in the illustrated embodiment, the struts 6754 can
incorporate the bend 6712 such that an upper portion of the struts 6754 are inclined or
curved towards the longitudinal axis of the frame 6700 and the lower portion of the struts
6754 extend 1n a direction generally parallel to the longitudinal axis of the frame 6700.

[0329] The upper portion of cells 6750b can be formed from the set of
circumferentially-expansible struts 6754 such that cells 6750b share struts with cells
6750a. The lower portion of cells 6750b can be formed from a set of circumferentially-
expansible struts 6756. Circumferentially-expansible struts 6756 can extend generally in
a downward direction. As shown in the illustrated embodiment, circumferentially-
expansible struts 6756 can form a generally cylindrical portion of the frame 6700 with
the upper portion of the struts 6756 having a radial dimension which is about the same as
the radial dimension as the lower portion of the struts 6756.

[0330] The upper portion of cells 6750¢ can be formed from the set of
circumferentially-expansible struts 6756 such that cells 6750¢ share struts with cells
6750b. The lower portion of cells 6750¢ can be formed from a set of circumferentially-
expansible struts 6758 having a zig-zag or undulating shape forming a repeating “V”
shape. Circumferentially-expansible struts 6758 can extend generally in a downward
direction. As shown in the illustrated embodiment, circumferentially-expansible struts

6758 can be slightly inclined or curved towards the longitudinal axis of the frame 6700.
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[0331] The upper portion of cells 6750d can be formed from the set of
circumferentially-expansible struts 6760 having a zig-zag or undulating shape forming a
repeating “V” shape. The lower portion of cells 6750d can be formed from a set of
circumferentially-expansible struts 6762 having a zig-zag or undulating shape forming a
repeating “V” shape. Circumferentially-expansible struts 6762 can extend generally in a
downward direction. As shown in the illustrated embodiment, circumferentially-
expansible struts 6762 can be slightly inclined or curved towards the longitudinal axis of
the frame 6700.

[0332] As shown in the illustrated embodiment, struts 6752, 6754, 6756,
6758 can be monolithically or unitarily formed and define at least a portion of the frame
body 6702a. Struts 6760, 6762 can be monolithically or unitarily formed and define at
least a portion of the supplemental frame 6702b. The struts 6758 of the frame body
6702a and the struts 6760 of the supplemental frame 6702b can have the same general
size and shape. Accordingly, when aligned together, the struts 6758, 6760 can form a
“combined” strut with the combined wall thicknesses of the struts 6758, 6760. This can
beneficially enhance the structural rigidity of the frame 6700 along the combined strut
formed by struts 6758, 6760. The struts 6758, 6760 can be attached using sutures 6764
as shown; however, it is to be understood that the struts 6758, 6760 can be attached using
any of the fasteners and techniques described herein, such as via welding and/or
adhesives.

[0333] While the cells 6750a, 6750b, 6750¢, 6750d are generally diamond-
shaped, it is to be understood that some or all of the struts 6752, 6754, 6756, 6758, 6760,
6762 may not form entirely straight segments. The struts 6752, 6754, 6756, 6758, 6760,
6762 can include some curvature such that the upper and/or lower apices are curved. For
example, one or more struts can incorporate curvature such that the apices are generally
“onion” shaped.

[0334] As shown in the illustrated embodiment, there can be a row of twelve
cells 6750a, a row of twelve cells 6750b, a row of twelve cells 6750¢, and a row of
twelve cells 6750d. While each of the cells 6750a, 6750b, 6750¢, 6750d are shown as
having the same shape as other cells 6750a, 6750b, 6750¢, 6750d of the same row, it is
to be understood that the shapes of cells 6750a, 6750b, 6750¢, 6750d within a row can
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differ. Moreover, it is to be understood that any number of rows of cells can be used and
any number of cells may be contained in the rows. In some embodiments, the number of
cells can correspond to the number of anchors or anchor tips forming the first anchoring
feature and/or the number of anchors or anchor tips forming the second anchoring
feature. As shown, the number of cells in each row of cells 6750a, 6750b, 6750¢, 6750d
have a 4:3 correspondence with the number of anchors in the anchoring feature 6740
(i.e., twelve cells in each row of cells 6750a, 6750b, 6750¢, 6750d and nine anchors for
the anchoring feature 6740). It is to be understood that other ratios of numbers of cells
per row to number of anchors per anchoring feature can be used such as, but not limited
to, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, and other ratios as desired.

[0335] With continued reference to the frame 6700 illustrated in Figures 122
and 123, the geometry of cells 6750a, 6750b, 6750¢, 6750d can allow the cells 6750a,
6750b, 6750c¢, 6750d to foreshorten as the frame 6700 is expanded. As such, one or
more of cells 6750a, 6750b, 6750¢, 6750d can allow the frame 6700 to foreshorten as
the frame 6700 is expanded. Foreshortening of the frame 6700 can be used to secure the
prosthesis to intralumenal tissue in a body cavity, for example tissue at or adjacent a
native valve, such as a native valve annulus and/or leaflets.

[0336] Anchoring feature 6740 can include one or more anchors. For
example, as shown in the illustrated embodiment, the anchoring feature 6740 can include
nine anchors. In some implementations, the use of fewer anchors on anchoring feature
6740 can provide multiple advantages. Use of fewer anchors can enhance imaging of the
frame 6700 during the delivery process which can beneficially facilitate implantation of
the frame 6700. For example, this can reduce the amount of material, such as metal, and
potential interference when used with echocardiography or other types of imaging
techniques. Moreover, implantation can be facilitated since fewer anchors are to be
positioned. In some implementations, the use of fewer anchors can reduce the amount of
force applied on the delivery system. For example, in embodiments where the anchors
expand radially outward when the frame 6700 transitions from a collapsed configuration
to an expanded configuration, fewer anchors would impart a radially outward force on a

component (e.g., a sheath) of the delivery system.
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[0337] Each anchor can include one or more struts 6742 extending from an
intermediate region 6720 and/or lower region 6730 of the frame 6700. As shown, struts
6752 extend from a lower intersection of two segments of the cell 6750¢, for example,
from the lowermost corner of the cells 6750¢ at the apex formed by struts 6758.
However, it is to be understood that the struts 6752 can extend from other portions of the
frame 6700, such as other portions of the cell 6750¢ and/or other portions of the cells
6750d. As shown in the illustrated embodiment, the anchoring feature 6740 can be
monolithically or unitarily formed with the frame body 6702a. This can beneficially
enhance structural stability of the anchoring feature 6740 as the anchoring feature 6740
is formed on a primary portion of the frame 6700.

[0338] As shown, the struts 6742 extend generally downwardly from the
frame 6700. The struts 6742 can incorporate a bend 6744 to orient the strut 6742 such
that it extends radially outward away from the longitudinal axis of the frame 300 and/or
generally upwardly. As shown in the illustrated embodiment, the bend 6744 can be
generally semi-circular or semi-elliptical which can provide a space for the distal ends of
the native valve leaflets to be stored. The anchors may then extend in a linear segment
radially outwardly and upwardly. As shown in the illustrated embodiment, the bend
6744 can orient the strut 6742 such that it extends generally parallel to the longitudinal
axis of the frame 6700. For example, the tip 6746 of anchoring feature 6740 can extend
generally parallel to the longitudinal axis of the frame 6700. The tips 6746 of the
anchoring feature 6740 can end after extending approximately above the base or
connection point of the anchoring feature 6740 to the frame body 6702a. In some
embodiments, the tips 6746 of the anchoring feature 6740 can end after extending up to,
or slightly past, the lower end of the intermediate region 6720 of the frame 6700. As
shown in the illustrated embodiment, the tips 6746 can include multiple prongs which
can be movable relative to each other. For example, the geometry of tips 6746 can be
similar to that of anchoring feature 5600 discussed in connection with Figures 93 and
94,

[0339] While the bend 6744 orients the tip 6746 such that it extends generally
parallel to a longitudinal axis of the frame 6700, it is to be understood that the bend 6744

can orient the struts 6742, such as the tips 6746, in other directions. For example, the
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bend 6746 can orient the struts 6742, such as the tips 6746, such that the they extend
radially outward away from the longitudinal axis of the frame 6700, such that struts 6742
extends radially inward towards the longitudinal axis of the frame 6700, or such that a
portion of struts 6742 extends radially outward away from the longitudinal axis of the
frame 6700 and another portion of struts 6742. In some embodiments, the bend 6744 can
orient the struts 6742, such as the tips 6746, such that they extend generally
perpendicular to a longitudinal axis of the frame 6700 such as is shown with frame 400
illustrated in Figure 6.

[0340] As shown in the illustrated embodiment, struts 6742 of the anchoring
feature 6740 are positioned further radially outward from a longitudinal axis of the frame
6700 as compared to struts 6762 of the supplement frame 6702b. In other words, the
struts 6742 and the struts 6762 are in different circumferential planes. When the frame
6700 transitions from the expanded configuration to a collapsed or crimped configuration
for delivery, interference between the struts 6742 and the struts 6762 is reduced or
eliminated. The removal or “un-nesting” of struts 6742 from the circumferential plane of
struts 6762 effectively reduces the contribution to the circumference of material that does
not circumferentially expand or crimp (e.g., the struts 6742). This can beneficially
reduce stresses and strains imposed on the struts 6742, 6762 as compared to
implementations in which the struts 6742, 6762 are within the same circumferential
plane. In many instances, this can allow for the struts 6762 to compress further thereby
allowing the frame 6700 to take on a smaller crimp profile when in the collapsed or
crimped configuration.

[0341] Preferably, the anchoring feature 6740 is positioned or extend
generally radially outwardly from the frame 300 so that the anchor tips 6746 are
generally spaced away or radially outward from the rest of the frame body 6702a and
from where the base of the anchors connect to the frame body 302. For example, the
anchor tips 6746 may be located radially outward from the intermediate region 67720 of
the frame 6700. Individual anchors may extend radially outwardly from the frame at an
anchor base and terminate at an anchor tip. The individual anchors can be connected to
the frame at one of many different locations including apices, junctions, other parts of

struts, etc. Moreover, the anchors forming the anchoring feature 670 can comprise first,
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second, third, or more spaced apart bending stages along the length of each anchor.
Further details that may be incorporated and/or interchanged with the features described
herein are disclosed in U.S. Publication Nos. 2014/0277422, 2014/0277427,
2014/0277390, and 2015/0328000.

[0342] Covers and/or cushions (see, for example, covers and/or cushions 720,
770 illustrated in Figures 10-13) may be used to surround or partially surround at least a
portion of the anchoring feature 6740, such as the tips or ends 6746 and/or the struts to
which the tips or ends 6746 are attached. The covers and/or cushions can be similar to
those described in U.S. Publication No. 2015/032800. In some embodiments, the covers
and/or cushions can either fit snuggly around the tips 6746 or can have extra padding so
that the covers extend radially away from the frame 6700. In some embodiments, all of
the anchors of the anchoring feature 6740 can have the covers and/or cushions with some
of the anchors having less cushioning than others. In some embodiments, all of the
anchors of the anchoring feature 6740 can have the padded covers. In some
embodiments, all of the anchors of the anchoring feature 6740 can have the snuggly
fitting cushions. In some embodiments, not all of all of the anchors of the second
anchoring feature 6740 can have covers.

[0343] With continued reference to the frame 6700 illustrated in Figures 122
and 123, the frame 6700 can include a set of locking tabs 6770 extending from the upper
region 6710 of the frame 6700. As shown, the frame 6700 includes twelve locking tabs
6770, however, it is to be understood that a greater number or lesser number of locking
tabs can be used. The locking tabs 6770 can extend generally upwardly from the upper
region 6710 in a direction generally aligned with the longitudinal axis of the frame 6700.

[0344] At an upper end of the strut 6772, the locking tab 6770 can include an
enlarged head 6774. As shown, the enlarged head 6774 has a semi-circular or semi-
elliptical shape forming a “mushroom™ shape with the strut 6772. The locking tab 6770
can be advantageously used with multiple types of delivery systems. For example, the
shape of the struts 6772 and the enlarged head 6774 can be used to secure the frame 6700
to a “slot” based delivery system. It is to be understood that the locking tab 6770 can
include an eyelet at other locations, or can include more than a single eyelet. The eyelets

can be used to secure the frame 6700 to a “tether” based delivery system such as those
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which utilize sutures, wires, or fingers to control delivery of the frame 6700. This can
advantageously facilitate recapture and repositioning of the frame 6700 in situ. In some
embodiments, the frame 6700 can be used with the delivery systems described in U.S.
Patent Nos. 8,414,644 and 8,652,203 and U.S. Publication Nos. 2015/0238315.

[0345] The frame 6700 can include one or more posts 6780. The posts 6780
can facilitate attachment of a valve body to the frame 6700. In some implementations,
commissures of the valve body can be attached to the posts 6780. The commissures of
the valve body can be attached to the posts 6780 via sutures and/or an intermediate
component such as those described herein. For example, the commissures of the leaflets
of the valve body can be indirectly coupled to the posts 6780 via an intermediate
component which is sutured to and/or extends around the posts 6780.

[0346] As shown in the illustrated embodiment, the posts 6780 can extend
distally from a lower portion of the frame body 6702a, such as the apices of cells 6750c¢.
Extension of the posts 6780 from the frame body 6702a can reduce relative movement
between the posts 6780 and the overall frame 6700. This can beneficially enhance the
stability of a valve body positioned within the frame 6700. Moreover, distal extension of
the posts 6780 can allow a longer valve body to be utilized within the frame 6700.

[0347] The number of posts 6780 can match the number of commissures of
the valve body. For example, in implementations where a valve body having three
leaflets is used, the frame 6700 can include three posts 6780 to which each commissure
of the valve body can be attached. The posts 6780 can be generally equally spaced
around the periphery of the frame 6700. Although the posts 6780 are positioned on the
frame body 6702a, it is to be understood that the posts 6780 can extend from the
supplemental frame 6702b. The posts 6780 can extend between the cells 6750d and/or
can extend from a distal portion of cells 6750d (e.g., distal apices). In some
embodiments, the posts 6780 can be positioned radially inwardly relative to the struts
6762 of the supplemental frame 6702b. For example, the posts 6780 can extend from an
inner surface of the supplemental frame 6702b. In some embodiments, the posts 6780
can be positioned radially outwardly relative to the struts 6758 of the frame body 6702a.

For example, the posts 6780 can extend from an outer surface of the frame body 6702a.
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[0348] With reference next to the frame 6800 illustrated in Figures 124 and
125, the frame 6800 is shown as a flat pattern. The frame 6800 is shown in an assembled
configuration in Figure 124 and a disassembled configuration in Figure 125. As shown
in the illustrated embodiment, the frame 6800 can include a frame body 6810a, a
supplemental frame 6810b, first anchoring feature 6820, and/or a second anchoring
feature 6830. In the assembled configuration, the frame 6800 can include a first row of
cells 6840a, 6840b, a second row of cells 6840c¢, a third row of cells 6840d, and/or a
fourth row of cells 6840e. In some embodiments, in the assembled configuration, the
frame 6800 can include a plurality of locking tabs 6850a, 6850b. The first anchoring
feature 6820 can include anchors with tips 6822 having one or more eyelets. The second
anchoring feature 6830 can include anchors with tips 6832. As shown in the illustrated
embodiment, the tips 6832 can include multiple prongs which can be movable relative to
each other. For example, the geometry of tips 6832 can be similar to that of anchoring
feature 5700 discussed in connection with Figures 95-99 when shapeset.

[0349] One or more components of the frame 6800 can be formed separately
from each other. As shown in the illustrated embodiment, the frame body 6810a, the
supplemental frame 6810b, and/or the first anchoring feature 6820 can be formed
separately from each other and subsequently attached. The first anchoring feature 6820
can be positioned in front of the frame body 6810a. The supplemental frame 6810b can
be positioned behind the frame body 6810a. The frame body 6810a, the supplemental
frame 6810b, and/or the first anchoring feature 6820 can be attached using any of the
fasteners and techniques described herein, such as via sutures, welding, and/or adhesives.

[0350] With reference to Figure 125, the frame body 6810a include one or
more struts forming cells 6840b, 6840¢, 6840d as shown in three separate rows. The one
or more struts can be monolithically or unitarily formed to enhance the structural
integrity of the frame body 6810a. The anchoring feature 6830 can be monolithically or
unitarily formed with the frame body 6810a. The locking tabs 6850b can be
monolithically or unitarily formed with the frame body 6810a.

[0351] The supplemental frame 6810b can include one or more struts
forming cells 6840e as shown in a single row. The struts forming the lower portion of

the lower row of cells 6840d and the struts forming the upper portion of the cells 6840e
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can have the same general size and shape. Accordingly, when aligned together, these
struts can form a “combined” strut with the combined wall thicknesses of the struts. This
can beneficially enhance the structural rigidity of the frame 6800 along the lower portion
of the frame 6800. This can be advantageous since the second anchoring feature 6830,
which can be subject to significant loading during operation, can be attached to at least a
portion of this combined strut.

[0352] The first anchoring feature 6820 can include one or more struts
forming cells 6840a as shown in a single row. The struts forming the upper portion of
the upper row of cells 6840b and the struts forming the upper portion of the cells 6840a
can have the same general size and shape. Accordingly, when aligned together, these
struts can form a “combined” strut with the combined wall thicknesses of the struts. This
can beneficially enhance the structural rigidity of the frame 6800 along the lower portion
of the frame 6800. This can be advantageous since the tips 6822 of first anchoring
feature 6820, which can be subject to loading during operation, can be attached to at least
a portion of this combined strut.

[0353] The first anchoring feature 6820 can include a locking tab 6850a. The
locking tabs 6850a of the frame body 6810a and the locking tabs 6850b of the first
anchoring feature 6810b can have the same general size and shape. Accordingly, when
aligned together, “combined” locking tabs 6850a, 6850b can have a larger wall
thickness. This can beneficially enhance the structural rigidity of the locking tabs 6850a,
6850b. This can be advantageous since the tips 6850a, 6850b can be subject to loading
during delivery.

[0354] While the cells 6840a, 6840b, 6840c, 6840d, 6840e are generally
diamond-shaped, it is to be understood that some or all of the struts forming cells 6840a,
6840b, 6840c, 6840d, 6840e may not be entirely straight segments. The struts forming
cells 6840a, 6840b, 6840c¢, 6840d, 6840e can include some curvature such that the upper
and/or lower apices are curved. For example, one or more struts can incorporate
curvature such that the apices are generally “onion” shaped.

[0355] As shown in the illustrated embodiment, each row of cells 6840a,
6840b, 6840c, 6840d, 6840e can include twelve cells. While each of the cells 6840a,
6840b, 6840c, 6840d, 6840e are shown as having the same shape as other cells 6840a,
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6840b, 6840c, 6840d, 6840e of the same row, it is to be understood that the shapes of
cells 6840a, 6840b, 6840c, 6840d, 6840e within a row can differ. Moreover, it is to be
understood that any number of rows of cells can be used and any number of cells may be
contained in the rows. For example, some rows of cells may have twelve cells whereas
other rows of cells may have six cells.

[0356] With reference next to the frame 6900 illustrated in Figures 126 and
127, the frame 6900 is shown as a flat pattern. The frame 6900 is shown in an assembled
configuration in Figure 126 and a disassembled configuration in Figure 127. As shown
in the illustrated embodiment, the frame 6900 can include a frame body 6910a, a
supplemental frame 6910b, first anchoring feature 6920, and/or a second anchoring
feature 6930. In the assembled configuration, the frame 6900 can include a first row of
cells 6940a, a second row of cells 6940b, and/or a third row of cells 6940¢. In some
embodiments, in the assembled configuration, the frame 6900 can include a plurality of
locking tabs 6950a, 6950b. The first anchoring feature 6920 can include anchors with
tips 6922 having one or more eyelets. The second anchoring feature 6930 can include
anchors with tips 6932.

[0357] As shown in the illustrated embodiment, the frame body 6910a, the
supplemental frame 6910b, and/or the first anchoring feature 6920 can be formed
separately from each other and subsequently attached. The first anchoring feature 6920
can be positioned in front of the frame body 6910a. The supplemental frame 6910b can
be positioned behind the frame body 6910a. The frame body 6910a, the supplemental
frame 6910b, and/or the first anchoring feature 6920 can be attached using any of the
fasteners and techniques described herein, such as via sutures, welding, and/or adhesives.

[0358] With reference to Figure 127, the frame body 6910a include one or
more struts forming cells 6940a, 6940b as shown in two separate rows. The one or more
struts can be monolithically or unitarily formed to enhance the structural integrity of the
frame body 6910a. The anchoring feature 6930 can be monolithically or unitarily
formed with the frame body 6910a. The frame body 6910a can include one or more
eyelets 6912. The eyelets 6912 can be utilized to attach components of the replacement
valve, such as a valve skirt, to the frame body 6910a. In some embodiments, the eyelets

6912 can be used to attach the first anchoring feature 6920 to the frame body 6910a.
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[0359] The supplemental frame 6910b can include one or more struts
forming cells 6940¢ as shown in a single row. The struts forming the lower portion of
the lower row of cells 6940¢ and the struts forming the upper portion of the cells 6940b
can have the same general size and shape. Accordingly, when aligned together, these
struts can form a “combined” strut with the combined wall thicknesses of the struts.

[0360] The first anchoring feature 6920 can include one or more struts 6942.
The struts 6942 and the struts forming the upper portion of the cells 6940a can have the
same general size and shape. Accordingly, when aligned together, these struts can form
a “combined” strut with the combined wall thicknesses of the struts. The first anchoring
feature 6920 can include locking tabs 6950. As shown in the illustrated embodiment, the
first anchoring feature 6920 can include one or more eyelets 6944. The eyelets 6944 of
the first anchoring feature 6920 can be aligned with the eyelets 6912 of the frame body
6910a to facilitate securement of the first anchoring feature 6920 to the frame body
6910a by allowing sutures to be passed therethrough. Use of two eyelets 6912, 6944 on
each of the frame body 6910a and the first anchoring feature 6920 can enhance
securement. For example, a cloth or another intermediate, buffer material can be
positioned between the evelets 6912, 6944. A suture can be passed through both sets of
eyelets using a “Figure 8” suture technique. In some embodiments, the eyelets 6912,
6944 and/or the space between the eyelets 6912, 6944 can be wrapped with a suture or a
sleeve to further enhance securement.

[0361] While the cells 6940a, 6940b, 6940¢ are generally diamond-shaped, it
is to be understood that some or all of the struts forming cells 6940a, 6940b, 6940¢ may
not be entirely straight segments. The struts forming cells 6940a, 6940b, 6940c¢ can
include some curvature such that the upper and/or lower apices are curved. For example,
one or more struts can incorporate curvature such that the apices are generally “onion™
shaped.

[0362] As shown in the illustrated embodiment, each row of cells 6940a,
6940b. 6940c¢ can include twelve cells. While each of the cells 6940a, 6940b, 6940¢ are
shown as having the same shape as other cells 6940a, 6940b, 6940c¢ of the same row, it
is to be understood that the shapes of cells 6940a, 6940b, 6940c¢ within a row can differ.

Moreover, it is to be understood that any number of rows of cells can be used and any
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number of cells may be contained in the rows. For example, some rows of cells may
have twelve cells whereas other rows of cells may have six cells.

[0363] With reference next to the frame 7000 illustrated in Figures 128 and
129, the frame 7000 is shown as a flat pattern. The frame 7000 is shown in an assembled
configuration in Figure 128 and a disassembled configuration in Figure 129. As shown
in the illustrated embodiment, the frame 7000 can include a frame body 7010a, a
supplemental frame 7010b, a first anchoring feature 7020, and/or a second anchoring
feature 7030. In the assembled configuration, the frame 7000 can include a first row of
cells 7040a, a second row of cells 7040b, a third row of cells 7040¢, and/or a fourth row
of cells 7040d. In some embodiments, in the assembled configuration, the frame 7000
can include a plurality of locking tabs 7050. The first anchoring feature 7020 can
include anchors with tips 7022 having one or more eyelets. The second anchoring
feature 7030 can include anchors with tips 7032.

[0364] As shown in the illustrated embodiment, the frame body 7010a, the
supplemental frame 7010b, and/or the first anchoring feature 7020 can be formed
separately from each other and subsequently attached. The first anchoring feature 7020
can be positioned in front of the frame body 7010a. The supplemental frame 7010b can
be positioned behind the frame body 7010a. The frame body 7010a, the supplemental
frame 7010b, and/or the first anchoring feature 7020 can be attached using any of the
fasteners and techniques described herein, such as via sutures, welding, and/or adhesives.

[0365] With reference to Figure 129, the frame body 7010a include one or
more struts forming cells 7040a, 7040b, 7040¢ as shown in three separate rows. The one
or more struts can be monolithically or unitarily formed to enhance the structural
integrity of the frame body 7010a. The anchoring feature 7030 can be monolithically or
unitarily formed with the frame body 7010a. The locking tabs 7050 can be
monolithically or unitarily formed with the frame body 7010a.

[0366] The supplemental frame 7010b can include one or more struts
forming cells 7040d as shown in a single row. The struts forming the lower portion of
the lower row of cells 7040¢ and the struts forming the upper portion of the cells 7040d
can have the same general size and shape. Accordingly, when aligned together, these

struts can form a “combined” strut with the combined wall thicknesses of the struts.
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[0367] The first anchoring feature 7020 can include one or more struts 7042.
The struts forming the lower portion of the upper row of cells 7040a and the struts 7042
can have the same general size and shape. The struts 7042 can be attached to the frame
body 7010a along the upper portion, such as the upper apices, of the struts 7042.

[0368] While the cells 7040a, 7040b, 7040¢, 7040d are generally diamond-
shaped, it is to be understood that some or all of the struts forming cells 7040a, 7040b,
7040¢, 7040d may not be entirely straight segments. The struts forming cells 7040a,
7040b, 7040¢, 7040d can include some curvature such that the upper and/or lower apices
are curved. For example, one or more struts can incorporate curvature such that the
apices are generally “onion” shaped.

[0369] As shown in the illustrated embodiment, each row of cells 7040a,
7040b, 7040¢, 7040d can include twelve cells. While each of the cells 7040a, 7040b,
7040c¢, 7040d are shown as having the same shape as other cells 7040a, 7040b, 7040c,
7040d of the same row, it is to be understood that the shapes of cells 7040a, 7040b,
7040¢, 7040d within a row can differ. Moreover, it 1s to be understood that any number
of rows of cells can be used and any number of cells may be contained in the rows. For
example, some rows of cells may have twelve cells whereas other rows of cells may have
six cells.

[0370] While the embodiments described above have an anchoring feature
monolithically or unitarily formed with the frame body, it is to be understood that the
frame body can be formed without anchoring features. For example, with reference next
to the frame 7100 illustrated in Figures 130 and 131, the frame 7100 is shown in an
assembled configuration in Figure 130 and a disassembled configuration in Figure 131.
As shown in the illustrated embodiment, the frame 7100 can include a frame body
7110a, a supplemental frame 7110b, and/or an anchoring feature 7120. The anchoring
feature 7120 can be monolithically or unitarily formed with the supplemental frame
7110b. The supplemental frame 7110b can be attached to struts which are positioned
further proximal than the distalmost struts of the frame body 7110a. As shown, the
supplemental frame 7110b is positioned in front of, or radially outward of, the frame

body 7110a.
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Embodiments of Floating Valves

[0371] With reference to Figures 14-32, embodiments of prostheses 800,
900, 1000, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100, or components
thereof such as frames 810, 910, 1010, 1210, 1310, 1410, 1510, 1610, 1710, 1810, 1910,
2010, 2110 and/or valve bodies 820, 920, 1020, 1100, 1220, 1320, 1420, 1520, 1620,
1720, 1820, 1920, 2020, 2120, are illustrated. With reference first to the prosthesis 800
illustrated in Figures 14 and 15, the prosthesis 800 can include a frame 810 and a valve
body 820. The valve body 820 can be positioned within the frame 810 and can be a
replacement heart valve which includes a plurality of valve leaflets 830.

[0372] The valve leaflets 830 can include a first edge 832, second edge 834,
and one or more tabs 836 for attaching the valve leaflets 830 to struts of the frame 810.
The tabs 836 can form part of the valve leaflet 830 at the commissures of the valve body
820. The second edge 834 can be a freely moving edge which can allow the valve body
820 to open and close. The plurality of valve leaflets 830 can function in a manner
similar to the native mitral valve, or to any other valves in the vascular system as desired.
The plurality of valve leaflets 830 can open in a first position and then engage one
another to close the valve in a second position. The plurality of valve leaflets 830 can be
made to function as a one way valve such that flow in one direction opens the valve and
flow in a second direction opposite the first direction closes the valve. For example, as
shown in the illustrated embodiment, the valve body 820 can open allow blood to flow
through the valve body 820 in a direction from the upper end of the frame 810 to the
lower end of the frame 810. The valve body 820 can close to inhibit blood flow through
the valve body 820 in a direction from the lower end of the frame 810 to the upper end of
the frame 810. The valve body 820 can be constructed so as to open naturally with the
beating of the heart. For example, the plurality of valve leaflets 830 can open during
diastole and close during systole. The valve body 820 can replace a damaged or diseased
native heart valve such as a diseased native mitral valve.

[0373] As shown in the illustrated embodiment, the valve body 820 can
include one or more intermediate components 840. The one or more intermediate
components 840 can be used to attach one or more of the valve leaflets 830, or a portion

thereof, to the frame 810 such that the valve leaflet 830 is indirectly coupled to the frame
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810 or “floats™ within the frame 810. For example, as shown in Figure 15, a first end of
a first intermediate component 842 can be attached to the tabs 836 of the valve leaflet
830 and a second end of the first intermediate component 842 can be attached to the
frame 810. In this manner, the tabs 836 of the valve leaflet 830 are not directly attached
to the frame 810. As shown in the illustrated embodiment, the tabs 836 and/or the
commissures of the valve body 820 can be spaced from an inner surface of the frame
810. In some embodiments, a first end of a second intermediate component 844 can be
attached to other portions of the valve leaflet 830 such as a portion of, or the entirety of,
the first edge 832 of the valve leaflet 830. A second end of the second intermediate
component 844 can be attached to the frame 810. In this manner, at least a portion of, or
the entirety of, the first edge 832 of the valve leaflet 830 is not directly attached to the
frame 810. As shown in the illustrated embodiment, a portion of, or the entirety of, the
first edge 832 of the valve leaflet 830 can be spaced from an inner surface of the frame
810. Although the two intermediate components 842, 844 were described herein for the
tabs 836 and the first edge 832 respectively, it is to be understood that these two
intermediate components 842, 844 can be formed as a single component or can be
formed from more than two components.

[0374] The valve leaflet 830 can be attached to the intermediate component
840 using any mechanism or technique as desired such as, but not limited to, mechanical
fasteners, such as sutures, staples, screws, rivets, and any other type of mechanical
fastener as desired, chemical fasteners such as adhesives and any other type of chemical
fastener as desired, fastening techniques such as welding, sintering, and any other type of
fastening technique as desired, and/or a combination of such fasteners and techniques. In
some embodiments, the valve leaflet 830 can be attached to the intermediate component
840 via an intermediate post or wireframe positioned between the leaflet 830 and the
intermediate component 840. The intermediate post or wireframe can be formed from a
generally rigid structure. This can beneficially enhance stability of valve leaflet 830 by
serving as a generally rigid support structure for the valve leaflet 830. In some
embodiments, the intermediate component 840 can be attached to the frame 810 using

any mechanism or technique described above.
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[0375] The intermediate component 840 can be formed from a material
having a stiffness between that of the valve leaflets 830, which are relatively flexible,
and the frame 810 which is generally rigid. The intermediate component 840 can serve
as a dampener between the valve leaflet 830 and the frame 810 and transmit stresses
from the leaflet 830 to the frame 810. For example, the intermediate component 840 can
be formed from a flexible or semi-flexible material having a stiffness greater than the
valve leaflet 830. In some embodiments, the intermediate component 840 can be formed
from a biocompatible material such as, but not limited to, fabrics such as cloth, flexible
or rigid polymers such as polyurethane and polyethylene terephthalate (PET), metals
such as stainless steel, titanium, Nitinol, composites, and any other biocompatible
material such as those which are wholly or substantially fluid impermeable, flexible,
semi-flexible, stretchable, deformable, and/or resilient. When formed from a stiff
material, such as metals or polymers, the intermediate component 840 can have a
geometry which allows for less effective stiffness in certain direction than others. For
example, the intermediate component 840 can be formed to have tapering cross-section
and/or shapes to flex in certain directions and not in others. In some embodiments, the
intermediate component 840 can be formed from a material that facilitates tissue
ingrowth or formation. In this embodiment, the valve leaflets 830 can be formed from a
tissue-based media such as bovine, equine and/or porcine pericardium. Vascular tissue,
as well as other natural and manmade materials that are flexible and durable, may also be
employed for the valve leaflets 830.

[0376] By isolating portions of the valve leaflets 830, such as the portions at
the commissures or tabs 836 and/or the cusp or first edge 832, from the frame 810 with
an intermediate component 840 of lesser stiffness than the frame, the stress
concentrations on the valve leaflets 830 during operation of the valve body 820 can be
reduced or eliminated. Such stresses can occur, for example, due to changes in blood
flow during the cardiac cycle. For example, when the prosthesis 800 is positioned within
a native mitral valve, such stresses can occur during systole when the valve leaflets 830
close to inhibit to restrict blood flow from the left ventricle to the left atrium. These

stresses can be particularly elevated at portions of the leaflet connected to the frame 810
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such as the portions at the commissures or tabs 836. This reduction of stress
concentrations can beneficially increase the functional lifespan of the valve leaflet 830.

[0377] Moreover, the intermediate component 840 can beneficially allow the
design of the valve leaflets 830 to be independent from the design of the frame 810 and
allow for a single design of valve leaflets 830 to be applied to a wide variety of frames of
different shapes and sizes. In this manner, the frame 810 can be designed in a manner
that enhances anchoring or securement to a body cavity, such as a native valve annulus,
and the valve leaflets 830 can be designed in a manner that enhances hemodynamic
performance.

[0378] For example, valve leaflets 830 can be designed to have a small
diameter to increase blood flow velocity through the valve leaflets 830. The increase in
blood flow velocity, due to the reduction in diameter of the valve leaflets 830, can
beneficially increase leaflet 830 activity and reduce the risk of thrombosis. The frame
810 can be designed with a large diameter to enhance anchoring or securement to a body
cavity, such as a native valve annulus. The smaller diameter valve leaflets 830 can also
be used to throttle flow through the prosthesis 800. Moreover, valve leaflets 830 having
a smaller diameter relative beneficially allow for the frame 810 to be crimped to a
smaller diameter with a reduced risk of damaging the valve leaflets 830.

[0379] With reference next to the prosthesis 900 illustrated in Figures 16 and
17, the prosthesis 900 can include a frame 910 and a valve body 920. As shown in the
illustrated embodiment, the frame 910 can include a projection 912 which extends
radially inwards. The valve body 920 can include a leaflet 930 and an intermediate
component 940. The intermediate component 940 can be attached to at least a portion of
leaflet 930 at a first end of the intermediate component 940. The intermediate
component 940 can be attached to at least a portion of the frame 910, such as projection
912. The combination of the intermediate component 940 and the generally rigid
projection 912 can be used to achieve a variable stiffness such as in the radial direction.

[0380] With reference next to the prosthesis 1000 illustrated in Figure 18, the
prosthesis 1000 can include a frame 1010 and a valve body 1020. As shown in the
illustrated embodiment, the valve body 1020 can include a plurality of leaflets 1030 and

one or more intermediate components 1040. The one or more intermediate components
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1040 extend across most of, if not the entirety of, the first edge 1032 of the leaflets 1030
and is attached to the first edge 1032 via sutures. The one or more intermediate
components 1040 can also be attached to the frame 1010 via sutures along one or more
struts of the frame 1010 via sutures. As shown in the illustrated embodiment, a portion
of the first edge 1032 of the leaflet 1030 is positioned proximate a strut of the frame
1010. This can beneficially enhance stability of the leaflet 1030. In some embodiments,
a portion of edge 1032 of the leaflet 1030, such as the positioned proximate a strut of the
frame 1010, can be directly attached to the frame 1010.

[0381] With reference next to the portion of valve body 1100 illustrated in
Figure 19A, a flat pattern of various components are shown. The portion of valve body
1100 can include a valve leaflet 1110, a first intermediate component 1120, a second
intermediate component 1130, and a third intermediate component 1140. The valve
leaflet 1110 can include a first edge 1112, a second edge 1114, and one or more tabs
1116. The first edge 1112 can form a cusp of the leaflet 1110. The second edge 1114
can be a freely moving edge which can allow the valve body 1100 to open and close.
The tabs 1116 can be used to attach valve leaflets 1110 together at commissures of the
valve body 1100.

[0382] The first intermediate component 1120 can include an edge 1122.
The edge 1122 can generally match the general curvature of the first edge 1112 of the
valve leaflet 1110. In some embodiments, the first intermediate component 1120 can be
attached to the valve leaflet 1110 at or proximate the edges 1112, 1122. As shown, the
valve leaflet 1110 and the first intermediate component 1120 can include suturing holes
to facilitate attachment of the valve leaflet 1110 and the second intermediate component
1130 via sutures. The first intermediate component 1120 can be attached along an
inflow surface and/or outflow surface of the valve leaflet 1110. The first intermediate
component 1120 can include one or more tabs 1124 on lateral sides of the first
intermediate component 1120. The one or more tabs 1124 can generally correspond to
the tabs 1116 of the valve leaflet 1110. The one or more tabs 1124 can be used at the
commissures of the valve body 1100. In some embodiments, a plurality of first
intermediate components 1120 can be attached along the edges 1126. This can form a

generally cylindrical portion of a valve body 1100 along an inflow or upstream end of
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the valve body 1100. The first intermediate component 1120 can be similar to
intermediate component 250a illustrated in Figure 2.

[0383] The second intermediate component 1130 can include an inner edge
1132 and an outer edge 1134. The inner edge 1132 can generally match the general
curvature of the first edge 1112 of the valve leaflet 1110. In some embodiments, the
second intermediate component 1130 can be attached to the valve leaflet 1110 at or
proximate the edges 1112, 1132. As shown, the valve leaflet 1110 and the second
intermediate component 1130 can include suturing holes to facilitate attachment of the
valve leaflet 1110 and the second intermediate component 1130 via sutures. The second
intermediate component 1130 can be attached along an outflow surface and/or inflow
surface of the valve leaflet 1110. The second intermediate component 1130 can be
attached to struts of a frame along the inner edge 1132 and/or the outer edge 1134. To
facilitate attachment of the second intermediate component 1130 to the frame, the second
intermediate component 1130 can include a plurality of slits 1136. The second
itermediate component 1130 can be similar to intermediate components 250b and 1040
illustrated in Figures 4 and 18 respectively.

[0384] The third intermediate component 1140 can include a first portion
1142 and a second portion 1144. The third intermediate component 1140 can be used to
attach the valve leaflet 1110 to the frame at or proximate the portions of the valve leaflet
1110 at the commissures of the valve body 1100. The third intermediate component
1140 can be attached to a frame along a portion, or the entirety of, the edges defining the
first portion 1142 and/or second portion 1144. In some embodiments, the third
intermediate component 1140 can be positioned along portions of the frame near the
valve body 1100 commissures. This can beneficially provide a seal between the first
intermediate component 1120 and the second intermediate component 1130 as shown in
Figure 19C.

[0385] With reference next to the valve body 1100 and frame 1150 illustrated
in Figure 19B, the valve body 1100 is shown attached to the frame 1140. With
reference next to the valve body 1100 and frame 1150 illustrated in Figure 19C, a
schematic cross-section of the valve body 1100 and frame 1150. As shown, the first

intermediate component 1120 can form a generally vertically oriented structure around
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the frame 1150 and be attached to the frame 1150 at an upper end and to an inflow
surface of a valve leaflet 1110 at a lower end. The second intermediate component 1120
can be attached to the valve leaflet 1110 at an upper end and to the frame 1150 at a lower
end. The third intermediate component 1140 can be attached to the frame 1150 as well
as the first and second intermediate components 1120, 1130. This can form an enclosed
pocket 1146. In some embodiments, one or more of the intermediate components 1120,
1130, 1140 may be formed from a slightly porous material which allows fluid, such as
blood, to enter into the pocket 1146. In some instances, the blood can form a clot within
the pocket 1146.

[0386] With reference next to the prosthesis 1200 illustrated in Figures 20
and 21, the prosthesis 1200 can include a frame 1210 and a valve body 1220. As shown
in the illustrated embodiment, the valve body 1220 can include a plurality of valve
leaflets 1230 and a plurality of intermediate components 1240. For example, the valve
body 1220 can include three valve leaflets 1230 and three intermediate components
1240. The number of intermediate components 1240 can match the number of
commissures for the valve body 1220 having three valve leaflets 1230. However, it is to
be understood that any number of valve leaflets 1230 and/or intermediate components
1240 can be used. The intermediate components 1240 can be attached to at least the
commissures of the valve leaflets 1230 at a first end of the intermediate components
1240. The intermediate components 1240 can be attached to the frame 1210 at a second
end of the intermediate components 1240. As shown in the illustrated embodiment, an
entirety of, or at least a portion of, the intermediate components 1240 can be generally
flat. For example, at least a portion of the intermediate components 1240 proximate
commissures of the valve body 1220 can be flat. The flat portion of the intermediate
components 1240 can be generally aligned with a plane parallel to the longitudinal axis.
In some embodiments, the flat portion of the intermediate components 1240 can be
aligned with a plane which is parallel with, and extends through, the longitudinal axis.
In some embodiments, the valve body 1220 can include an intermediate component 1250
in the form of a conduit which can extend circumferentially around the plurality of valve

leaflets 1230. This can beneficially provide support for the valve leaflets 1230. As
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shown in the illustrated embodiment, the conduit 1250 can be generally cylindrical
although other geometries can be used.

[0387] As noted above, the “floating” valve design can beneficially allow the
design of the valve leaflets to be independent from the design of the frame. As shown in
the illustrated embodiment, the diameter 1260 of the valve leaflets 1230 and/or conduit
1250 can be smaller than the widest diameter 1270 of the frame 1210. Moreover, the
diameter 1260 of the valve leaflets 1230 and/or conduit 1250 can be smaller than the
diameter 1280 of an upper or inflow end of the frame 1210. In some embodiments, the
ratio of the diameter 1260 of the valve leaflets 1230 and/or conduit 1250 to the widest
diameter 1270 of the frame 1210 can be about 1:3, about 2:5, about 1:2, about 3:5, about
4:5 or any other ratio as desired. In some embodiments, the diameter 1260 of the valve
leaflets 1230 and/or conduit 1250 can be between about 20mm to about 35mm, any sub-
range within these ranges, or any other diameter as desired.

[0388] With reference next to the prosthesis 1300 illustrated in Figures 22
and 23, the prosthesis 1300 can include a frame 1310 and a valve body 1320. As shown
in the illustrated embodiment, the valve body 1320 can include a plurality of valve
leaflets 1330, a plurality of first or commissural intermediate components 1340, and one
or more second intermediate components 1350. For example, the valve body 1320 can
include three valve leaflets 1330 and three commissural intermediate components 1340.
The number of commissural intermediate components 1340 can match the number of
commissures for the valve body 1320 having three valve leaflets 1330. However, it is to
be understood that any number of valve leaflets 1330 and/or intermediate components
1340 can be used. The commissural intermediate components 1340 can be attached to at
least the portions of the valve leaflets 1330 at commissures of the valve body 1320 at a
first end of the commissural intermediate components 1330. The commissural
intermediate components 1340 can be attached to the frame 1310 at a second end of the
commissural intermediate components 1340. As shown in the illustrated embodiment,
an entirety of, or at least a portion of, the intermediate components 1340 can be generally
flat. For example, at least a portion of the intermediate components 1340 proximate
commissures of the valve body 1320 can be flat. The flat portion of the intermediate

components 1340 can be generally aligned with a plane parallel to the longitudinal axis.
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In some embodiments, the flat portion of the intermediate components 1240 can be
aligned with a plane which is parallel with, and extends through, the longitudinal axis.

[0389] The second intermediate component 1350 can extend at least around a
portion of the cusps of the leaflets 1320. The second intermediate component 1350 can
be attached to at least the cusps of the valve leaflets 1330 at a first end of the second
intermediate component 1350. The second intermediate components 1350 can be
attached to the frame 1310 at a second end of the second intermediate component 1350.
In some embodiments, the first intermediate components 1340 and the second
intermediate component 1350 can “tent” the valve leaflet 1330. That is, the first
intermediate components 1340 can be tensioned in a first direction, such as a direction
generally radially outward away from the longitudinal axis of the frame 1310. The
second intermediate component 1350 can be tensioned in a second direction different
from the first direction. For example, the second intermediate component 1350 can be
tensioned in an axial direction generally aligned with a longitudinal axis of the frame
1310 and/or in a circumferential direction about the longitudinal axis of the frame 1310.
The application of tension in different directions (i.e., “tenting™) can beneficially provide
enhanced structural support for the valve leaflets 1320 such that the valve leaflets 1320
retain their shape.

[0390] The second intermediate component 1350 can be used to assist with
fluid flow through and/or around the prosthesis 1300. As shown, the second
intermediate component 1350 can be positioned within the interior of the frame 1310 and
can form a wall of the prosthesis 1300 along the inflow path from the upper end towards
the lower end of the frame 1310. The second intermediate component 1350 can be
positioned such that the second intermediate component 1350 is radially inward, relative
to the longitudinal axis of the frame 1310, from struts of the frame 1310. In this manner,
fluid can be directed towards the valve leaflets 1330 of the valve body 1310 along the
inflow path.

[0391] As shown in the illustrated embodiment, the diameter 1360 of the
valve leaflets 1330 and/or second intermediate component 1350 can be smaller than the
widest diameter 1370 of the frame 1310. Moreover, the diameter 1360 of the valve

leaflets 1330 can be smaller than the diameter 1380 of an upper or inflow end of the
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frame 1310. In some embodiments, the ratio of the diameter 1360 of the valve leaflets
1330 and/or conduit 1350 to the widest diameter 1370 of the frame 1310 can be about
1:3, about 2:5, about 1:2, about 3:5, about 4:5 or any other ratio as desired. In some
embodiments, the diameter 1360 of the valve leaflets 1330 can be between about 20mm
to about 25mm, any sub-range within these ranges, or any other diameter as desired. In
some embodiments, the diameter 1380 of the second intermediate component 1350 can
be the same, or about the same, as the diameter 1380 of the upper or inflow end of the
frame 1310. In some embodiments, the diameter 1380 of the upper or inflow end of the
frame 1310 can be between about 20mm to about 40mm, between about 25mm to about
35mm, between about 27mm to about 33mm, about 27mm, any sub-range within these
ranges, or any other diameter as desired.

[0392] With reference next to the prostheses 1400, 1500 illustrated in
Figures 24 and 25, the prostheses 1400, 1500 can each include a frame 1410, 1510 and a
valve body 1420, 1520. With reference to prosthesis 1400, the valve body 1420 can
include a plurality of valve leaflets 1430 and a plurality of intermediate components
1440. As shown, the valve body 1420 can have a generally frustoconical shape with a
diameter of the upper or inflow end of the valve body 1420 being larger than a diameter
of the lower or outflow end of the valve body 1420. With reference to prosthesis 1500,
the valve body 1520 can include a plurality of valve leaflets 1530 and a plurality of
intermediate components 1540. As shown, the valve body 1520 can have a generally
frustoconical shape with a diameter of the upper or inflow end of the valve body 1520
being smaller than a diameter of the lower or outflow end of the valve body 1520.

[0393] With reference next to the prostheses 1600, 1700, 1800, 1900
illustrated in Figures 26-29, the prostheses 1600, 1700, 1800, 1900 can each include a
frame 1610, 1710, 1810, 1910 and a valve body 1620, 1720, 1820, 1920 which can each
include valve leaflets schematically represented as structures 1630, 1730, 1830, 1930 and
various configurations of intermediate components.

[0394] With reference first to prosthesis 1600 illustrated in Figure 26, the
valve body 1620 can include a plurality of intermediate components 1640 extending
radially between the frame 1620 and the valve leaflets 1630. As shown in the illustrated

embodiment, the valve body 1620 can include twelve intermediate components 1640. It
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is to be understood that a greater number or a lesser number of intermediate components
1640 can be used.

[0395] With reference next to prosthesis 1700 illustrated in Figure 27, the
valve body 1720 can include a plurality of intermediate components 1740 oriented
tangentially to the valve leaflets 1730. The intermediate components 1740 can be
coupled at a first and second end to the frame 1710 and be coupled to the valve leaflets
1730 along a portion of the intermediate components 1740 between the first and second
ends. As shown in the illustrated embodiment, the valve body 1720 can include six
intermediate components 1740. It is to be understood that a greater number or a lesser
number of intermediate components 1740 can be used.

[0396] With reference next to prosthesis 1800 illustrated in Figure 28, the
valve body 1820 can include a plurality of first intermediate components 1840 oriented
tangentially to the valve leaflets 1830. The first intermediate components 1840 can be
coupled at a first and second end to the frame 1810 and be coupled to the valve leaflets
1830 along a portion of the first intermediate components 1840 between the first and
second ends. As shown in the illustrated embodiment, the ends of the first intermediate
components 1840 can be attached to the frame 1810 at or proximate the same location.
The valve body 1820 can include a second intermediate component 1850 extending or
wrapping around at least a portion of the valve leaflets 1830. As shown in the illustrated
embodiment, the valve body 1820 can include three first intermediate components 1840
and one second intermediate component 1850. It is to be understood that a greater
number or a lesser number of intermediate components 1840, 1850 can be used.

[0397] With reference next to prosthesis 1900 illustrated in Figure 29, the
valve body 1920 can include a plurality of first intermediate components 1940, similar to
intermediate components 1840, which are oriented tangentially to the valve leaflets 1930.
The first intermediate components 1940 can be coupled at a first and second end to the
frame 1910 and be coupled to the valve leaflets 1930 along a portion of the first
intermediate components 1940 between the first and second ends. As shown in the
illustrated embodiment, the ends of the first intermediate components 1940 can be
attached to the frame 1910 at or proximate the same location. The valve body 1920 can

include second intermediate components 1950, similar to intermediate components 1640,
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extending radially between the frame 1920 and the valve leaflets 1930. As shown in the
illustrated embodiment, the valve body 1920 can include three first intermediate
components 1940 and three second intermediate components 1950. It is to be
understood that a greater number or a lesser number of intermediate components 1940,
1950 can be used.

[0398] With reference next to the prostheses 2000 illustrated in Figures 30
and 31, the prostheses 2000 can include a frame 2010 and a valve body 2020 which can
each include valve leaflets schematically represented as structures 2030. As shown in
the illustrated embodiment, the frame 2010 can include projections 2012 extending
inwardly towards an interior volume of the frame 2010. As shown in the illustrated
embodiment, the projections 2012 can be formed from a first strut 2014 and a second
strut 2016 to form a “V” shaped configuration. The projections 2012 can provide a
mounting location for valve body 2020. For example, at least a portion of the valve body
2020 can be attached directly to the projections 2012 or can be attached via an
intermediate component. This can beneficially allow a valve body 2020 having a
different shape from frame 2010 to be attached to frame 2010.

[0399] With reference next to the prostheses 2100 illustrated in Figures 32,
the prostheses 2100 can include a frame 2110 and a valve body 2120 which can each
include valve leaflets schematically represented as structures 2130. As shown in the
illustrated embodiment, the frame 2110 can include projections 2112 extending inwardly
towards an interior volume of the frame 2110. The projections 2112 can provide a
mounting location for valve body 2120. For example, at least a portion of the valve body
2120 can be attached directly to the projections 2112 or can be attached via an
intermediate component. This can beneficially allow a valve body 2020 having a
different shape from frame 2010 to be attached to frame 2010. A lower region 2114 of
frame 2110 can be sized and shaped to generally correspond to the shape of the valve
body 2120 to facilitate mounting along the lower region 2114. This can beneficially
enhance stability of the valve body 2120 when mounted to the frame 2110.

Embodiments of Valve-In-Valve Mechanisms
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[0400] With reference to Figures 33-37, embodiments of prostheses 2200, or
components thereof such as frames 2210, 2300, 2400, 2500, 2600 and/or valve bodies
2220, are illustrated. With reference first to the prosthesis 2200 illustrated in Figure 33,
the prosthesis 2200 include a frame 2210 and a valve body 2220. The valve body 2220
can include a plurality of leaflets 2222. The valve body 2220 can be designed to be used
for an extended period of time. However, in some instances, it may be beneficial to
utilize a supplemental prosthesis 2250 in order to prolong use of the prosthesis 2200. As
shown in the illustrated embodiment, the prosthesis 2200 can be sized and shaped to
receive a supplemental prosthesis 2250 such as, but not limited to, Edwards
Lifesciences’ Sapien 3 valve, replacement aortic valves, replacement mitral valves, and
replacement valves described in U.S. Publication Nos. 2012/0123529, 2013/0030519,
and 2013/0030520. The supplemental prosthesis 2250 can include a frame 2260 which
can be self-expanding or balloon expandable. The supplemental prosthesis 2250 can also
include a plurality of valve leaflets 2270. While the valve body 2220 has been described
as being used for an extended period of time, it is to be understood that the valve body
2220 can be designed to be used temporarily. For example, the prosthesis 2200 and
supplemental prosthesis 2250 can be delivered during the same surgical procedure. In
such instances, the valve body 2220 can be used to ensure functioning of the heart when
the prosthesis 2200 is implanted but before the supplemental prosthesis 2250 is mounted
to the prosthesis 2200. Due to the lower expected period of use for valve body 2220, the
valve body 2220 can be designed to utilize less materials which can allow the valve body
2220 to take on a more compact form factor.

[0401] As shown in the illustrated embodiment, the upper region 2230 of the
frame 2210 can serve as a backstop for an upper end of the frame 2260 of the
supplemental prosthesis 2250. For example, in the expanded configuration, the diameter
2222 of the upper or inflow end of the frame 2210 can be less than the diameter 2262 of
the upper or inflow end of the frame 2260. This can beneficially inhibit the frame 2260
of supplemental prosthesis 2250 from moving axially upward past frame 2210 during the
cardiac cycle. This can be particularly beneficial during periods of the cardiac cycle in
which an upwardly directed force is applied to the prostheses 2200, 2250. For example,

this upwardly directed force could be applied during systole in cases where the
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prostheses 2200, 2250 are positioned within a native mitral valve. In some
embodiments, the diameter 2222 of the upper or inflow end of the frame 2210 can be
between about 20mm to about 40mm, between about 25mm to about 35mm, between
about 27mm to about 33mm, about 27mm, any sub-range within these ranges, or any
other diameter as desired. In some embodiments, the diameter 2222 of the upper or
inflow end of the frame 2210 can be between about 20mm to about 45mm, between
about 25mm to about 40mm, between about 28mm to about 33mm, about 29mm, any
sub-range within these ranges, or any other diameter as desired.

[0402] As shown in the illustrated embodiment, the lower region 2240 of the
frame 2210 can have a diameter about the same, or less than, the diameter of the
supplemental prosthesis 2250 such that the supplemental prosthesis 2250 is maintained
within the lower region 2240 in a press fit, a friction fit, and/or an interference fit. As
shown in the illustrated embodiment, the valve body 2220 of the prosthesis 2200, such as
leaflets 2222, can beneficially enhance stability of the supplemental prosthesis 2250. For
example, the valve body 2220 can beneficially reduce lateral movements of the
supplemental prosthesis 2250. Moreover, in some embodiments, friction between the
valve body 2220 and the supplemental prosthesis 2250 can beneficially reduce
movement of the supplemental prosthesis 2250 in an axial direction.

[0403] With reference to Figures 33-37, embodiments of frames 2300, 2400,
2500, 2600 are illustrated. With reference first to frame 2300 illustrated in Figure 34,
the frame 2300 can have an upper region 2310 which serves as a backstop for a
supplemental prosthesis and a lower region 2320 which interfaces with a portion of the
supplemental prosthesis to retain the supplemental prosthesis within the frame 2300. As
shown in the illustrated embodiment, the lower region 2320 includes an interface
structure 2322 formed by one or more struts extending forming a “V” shaped
configuration. This configuration is similar to that shown in Figure SA having struts
385. The interface structure 2322 can be inclined or curved towards a longitudinal axis
of the frame 2300 such that a lower portion of the interface structure 2322 is positioned
closer to the longitudinal axis of the frame 2300 than the lower portion of the interface
structure 2322. The lower portion of the interface structure 2322, such as the lower

apices formed by struts, can beneficially engage portions of the supplemental prosthesis.
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For example, in instances where the supplemental prosthesis includes a frame having a
plurality of cells, the lower portion of the interface structure 2322 can extend within the
cells to retain the supplemental prosthesis within the frame 2300. While the interface
structure 2322 was described as having “V” shaped apices, it is to be understood that the
interface structure 2322 can have other geometries and could, for example, be formed as
fingers formed from separate struts.

[0404] With reference next to frame 2400 illustrated in Figure 35, the frame
2400 can have an upper region 2410 which serves as a backstop for a supplemental
prosthesis and an inner frame 2420 which interfaces with a portion of the supplemental
prosthesis to retain the supplemental prosthesis within the frame 2400. As shown in the
illustrated embodiment, the inner frame 2420 can include one or more arms coupling the
inner frame 2420 to the frame 2400. The inner frame 2420 can be expandable. For
example, the inner frame 2420 can be formed from one or more circumferentially-
expansible struts 2424. In this manner, the inner frame 2420 can be expanded to
accommodate a supplemental prosthesis. In some embodiments, the inner frame 2420
can be biased to a smaller diameter than the supplemental prosthesis. This biasing force
can beneficially create a friction fit with a supplemental prosthesis. In some
embodiments, the frame 2420 can be positioned below the frame 2420. For example, the
frame 2420 can include one or more protrusions which extend from a lower end of the
frame 2420. The protrusions can extend radially inwardly towards a longitudinal axis of
the frame 2420 to form a diameter smaller than that of the lower end of the frame 2420.

[0405] With reference next to frame 2500 illustrated in Figure 36, the frame
2500 can have an upper region 2510 which serves as a backstop for a supplemental
prosthesis 2550 and a lower region 2520 which can serve as an opposing backstop for the
supplemental prosthesis 2550. With reference next to frame 2600 illustrated in Figure
37, the frame 2600 can have an upper region 2610 which serves as a backstop for a
supplemental prosthesis. The frame 2600 can include an anchoring feature 2620 having
an effective inner diameter less than, or the same as, that of the supplemental prosthesis.
In some embodiments, the anchoring feature 2620 can retain the supplemental prosthesis
in a manner similar to interface structure 2322 such that portions of the anchoring feature

2620 interface with portions of the supplemental prosthesis, such as cells forming the
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frame of the supplemental prosthesis. In some embodiments, the anchoring feature 2620
can retain the supplemental prosthesis in a manner similar to lower region 2520 such that
portions of the anchoring feature 2620 serves as an opposing backstop for the

supplemental prosthesis.

Embodiments of Annular Skirts

[0406] With reference to Figures 38-40, embodiments of prostheses 2700,
2800, 2900, or components thereof such as frames 2710, 2810, 2910, valve bodies 2720,
2820, 2920, and skirts 2730, 2830, 2930, are illustrated. With reference first to the

prosthesis 2700 illustrated in Figure 38, the prosthesis 2700 can include a frame 2710, a
valve body 2720, and a skirt 2730. The skirt 2730 can be positioned around and secured
to an exterior of the frame 2710. The skirt 2730 can be annular and can extend entirely
circumferentially around the frame 2710. The skirt 2730 can prevent or inhibit backflow
of fluids around the prosthesis 2700. For example, with the skirt 2730 positioned
annularly around an exterior of the frame 2710, the skirt 2730 can create an axial barrier
to fluid flow exterior to the frame 2710 when deployed within a body cavity. The skirt
2730 can form a flange when the skirt 2730 is positioned within a body cavity, such as a
native valve, with the flange sealing against at least a portion of tissue surrounding the
body cavity. In addition, the skirt 2730 can encourage tissue in-growth between the skirt
2730 and the natural tissue. This may further help to prevent leakage of blood flow
around the prosthesis 2700.

[0407] The skirt 2730 can have a first end 2732 positioned at or proximate an
upper or inflow end of the frame 2710 and extend to a second end 2734 positioned at or
proximate a lower or outflow end of the frame 2710. In some embodiments, the second
end 2734 can follow the shape of the struts along the lower or outflow end of the frame
2710 as shown, for example, in Figures 3 and 4. It is to be understood that other
configurations, such as a curved edge or straight edge, can also be used as desired. The
skirt 2730 can be attached to the frame 2710 and/or the valve body 2720 using any
mechanism or technique as described above, such as sutures and/or adhesives.

[0408] In some embodiments, the skirt 2730 can be formed from a material

such as such as knit polyester (e.g., polyethylene terephthalate (PET)) or any other
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biocompatible material such as those which are wholly or substantially fluid
impermeable, flexible, stretchable, deformable, and/or resilient. In some embodiments,
the skirt 2730 can be formed from separate components and can be attached together
using any mechanism or technique as described above, such as via sutures and/or
adhesives. In other embodiments, the skirt 2730 can be a single component. The skirt
2730 can also include other structures, such as wires formed from resilient materials such
as nitinol, to allow at least portions of the skirt 2730 to retain a particular shape. These
structures may be positioned on an inner surface of the skirt 2730.

[0409] As shown, the shape of the frame 2710, in conjunction with the skirt
2730, can beneficially enhance hemodynamic performance. For example, the shape of
the frame 2710 with a larger, generally cylindrical intermediate region 2712 can allow
for significant washout on an underside of the valve 2720. That is, the shape of the
frame 2710 can enhance the exchange of blood from a prior cardiac cycle — which may
have stagnated and accumulated in crevices, pockets, and/or surfaces of the frame 2710,
valve 2720, and/or skirt 2730 — with fresh blood from a current cardiac cycle. This
washout can beneficially reduce the risk of thrombosis or clot formation under the valve
2720.

[0410] With reference next to the prosthesis 2800 illustrated in Figure 39, the
prosthesis 2800 can include a frame 2810, a valve body 2820, and a skirt 2830. The skirt
2830 can be positioned around and secured to an exterior of the frame 2810. The skirt
2830 can be annular and can extend entirely circumferentially around the frame 2810.
The skirt 2830 can prevent or inhibit backflow of fluids around the prosthesis 2800. For
example, with the skirt 2830 positioned annularly around an exterior of the frame 2810,
the skirt 2830 can create an axial barrier to fluid flow exterior to the frame 2810 when
deployed within a body cavity. In addition, the skirt 2830 can encourage tissue in-
growth between the skirt 2830 and the natural tissue. This may further help to prevent
leakage of blood flow around the prosthesis 2800. Unlike the skirt 2730, the skirt 2830
can be formed such that it remains generally taut against the frame 2810.

[0411] The skirt 2830 can have a first end 2832 positioned at or proximate an
upper or inflow end of the frame 2810 and extend to a second end 2834 positioned at or

proximate a lower or outflow end of the frame 2810. In some embodiments, the second
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end 2834 can follow the shape of the struts along the intermediate region 2812 of the
frame 2812. The skirt 2830 can be attached to the frame 2810 and/or the valve body
2820 using any mechanism or technique as described above, such as sutures and/or
adhesives.

[0412] The skirt 2830 is preferably formed from a material, such as such as
knit polyester (e.g., polyethylene terephthalate (PET)), or any other biocompatible
material such as those which are wholly or substantially fluid impermeable, flexible,
stretchable, deformable, and/or resilient. In some embodiments, the skirt 2830 can be
formed from separate components and can be attached together using any mechanism or
technique as described above, such as via sutures and/or adhesives. In other
embodiments, the skirt 2830 can be a single component. The skirt 2830 can also include
other structures, such as wires formed from resilient materials such as nitinol, to allow at
least portions of the skirt 2830 to retain a particular shape. These structures may be
positioned on an inner surface of the skirt 2830.

[0413] As shown, the shape of the frame 2810 can beneficially enhance
hemodynamic performance. For example, the shape of the frame 2810 with a larger,
generally cylindrical intermediate region 2812 can allow for significant washout on an
underside of the valve 2820. This washout can beneficially reduce the risk of thrombosis
or clot formation under the valve 2820.

[0414] With reference next to the prosthesis 2900 illustrated in Figure 40, the
prosthesis 2900 can include a frame 2910, a valve body 2920, and a skirt 2930. The skirt
2830 can have a first end 2832 positioned at or proximate an upper or inflow end of the
frame 2810 and extend to a second end 2834 positioned at or proximate a lower or
outflow end of the frame 2810.

[0415] Although some embodiments of skirts described herein are formed
from materials which can be substantially fluid impermeable, it is to be understood that
the skirts can be entirely, or at least partially, formed from materials which are permeable
and/or materials with holes formed therethrough. This can allow some blood to pass
through and/or around the skirt. In embodiments where the skirt expands in size (e.g.,
due to systolic pressure), the amount of expansion can be reduced due to blood passing

through the skirt. In some implementations, the skirt may not completely contact
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surrounding tissue and/or may apply a reduced amount of pressure against surrounding
tissue. This can allow some blood to pass around the skirt.

[0416] In some embodiments, the entirety, or at least a portion, of the skirt
can be formed from a partially porous cloth. The picks-per-inch (PPI) and/or the ends-
per-inch (EPI) can be chosen to attain a desired porosity. In some embodiments, the
cloth can have a PPI and/or EPI of between about 50 to about 500, a PPI and/or EPI of
between about 100 to about 375, a PPI and/or EPI of between about 150 to about 250,
any sub-range within these ranges, or any other PPI and/or EPI as desired. The cloth
may be structured to incorporate pores via a specific weave pattern. In some
embodiments, the skirt may be drilled to form one or more holes.

[0417] Use of an at least partially porous skirt and/or a skirt with holes can
allow some degree of mitral regurgitation to persist, at least temporarily. This can be
particularly beneficial in instances where a sudden correction in mitral regurgitation may
be undesirable. For example, an immediate reduction in mitral regurgitation can place a
significantly higher load on the left ventricle; however, patients who have functional
mitral regurgitation may have a weak left ventricle. This immediate reduction in mitral
regurgitation can result in a situation in which the patient’s left ventricle is unable to
expel all, or a majority, of blood through the aortic valve (e.g., volume overload). As
such, it can be beneficial to allow some degree of mitral regurgitation to persist, at least
temporarily, to allow the patient’s heart to acclimate to an environment of reduced mitral
regurgitation.

[0418] The amount of blood flow through and/or around the skirt can
gradually reduce over time. For example, in some embodiments, the skirts can become
effectively impermeable over time. In some embodiments, the skirt can incorporate a
material such as, but not limited to hydrogel, which can seal or at least significantly
reduce blood flow through pores and/or holes of the skirt. In some embodiments, the
size of the pores and/or holes can be chosen such that a platelet response can reduce or
eliminate flow through the pores and/or holes, and/or tissue healing (e.g., tissue
ingrowth) can reduce or eliminate flow through the pores and/or holes.

[0419] The gradual reduction in size of the pores and/or holes can gradually

reduce the amount of blood flow through the skirt. In embodiments where the skirt
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expands in size, the amount of expansion can gradually increase due to less blood
passing through the skirt. In some implementations, the skirt may begin to completely
contact surrounding tissue and/or may apply an increased amount of pressure against
surrounding tissue. This can reduce, or wholly eliminate, blood flow around the skirt.

[0420] In some embodiments, this gradual reduction of blood flow through
and/or around the skirt can occur over a period of between about 12 hours to about 72
hours. This can beneficially allow the patient’s heart to gradually acclimate to reducing
mitral regurgitation while allowing the physician to assess whether the patient’s heart is
properly acclimating to the reduction in mitral regurgitation. In some embodiments, this
gradual reduction of blood flow through and/or around the skirt can occur over an
extended period of time. For example, this gradual reduction in blood flow can occur
over a period of between about one week to about one month. This can provide the
patient’s heart with additional time to acclimate to reducing mitral regurgitation. It is to
be understood that in some embodiments, blood flow through and/or around the skirt can
decrease at a greater rate over a shorter time period (e.g., about 12 hours to about 72
hours) and continue to decrease at a reduced rate over an extended period of time (e.g.,
up to one month).

[0421]  With reference to Figures 48-57, embodiments of prostheses 3400,
3500, 3600, or components thereof such as frames 3420, 3520, 3620, valve bodies 3440,
3540, 3640, 3740 and skirts 3460, 3560, 3660, are illustrated. These embodiments can
include features, such as openings and/or conduits, which can enhance hemodynamic
performance of the prostheses 3400, 3500, 3600. With reference first to the prosthesis
3400 illustrated in Figures 48 and 49, the prosthesis 3400 can include a frame 3420, a
valve body 3440, and a skirt 3460. As shown in the illustrated embodiment, the
prosthesis 3400 can be positioned within a native mitral valve. The frame 3420 can be
self-expanding or balloon expandable. The frame 3420 can include a frame body formed
from a plurality of struts defining a plurality of cells. One or more of the cells can allow
the frame 3420 to longitudinally foreshorten when the frame 3420 radially expands.
Although not shown, the frame 3420 can include one or more anchoring features to

secure the prosthesis to a native valve, such as a native mitral valve.
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[0422] The valve body 3440 preferably includes a plurality of valve leaflets
3442 each having at least a first edge 3444 and a second edge 3446. The cusp or first
edge 3444, which may be considered a proximal edge, may be arcuate in shape. The
second edge 3446 can be a freely moving edge which can allow the valve body 3440 to
open and close. The valve leaflet 3442 can be similar to leaflet 1110 illustrated in
Figure 19A which includes a first edge 1112, a second edge 1114, and tabs 1116. The
plurality of valve leaflets 3442 can function in a manner similar to the native mitral
valve, or to any other valves in the vascular system as desired.

[0423] The skirt 3460 can be attached to the frame 3420. The skirt 3460 can
be positioned around and secured to an exterior of the frame 3420. The skirt 3460 can be
annular and can extend entirely circumferentially around the frame 3420. The skirt 3460
can generally prevent or inhibit backflow of fluids, such as blood, around the prosthesis
3400. For example, with the skirt 3460 positioned annularly around an exterior of the
frame 3420, the skirt 3460 can create an axial barrier to fluid flow exterior to the frame
3420 when deployed within a body cavity such as a native valve annulus. As shown in
the illustrated embodiment, the skirt 3460 can be tautly secured around the frame 3420.
However, it is to be understood that the skirt 3460 can be loosely attached to the exterior
of the frame 3420. As shown in the illustrated embodiment, at least a portion of the first
edge 3444 can be attached to the skirt 3460.

[0424] The skirt 3460 can include one or more openings 3462 in the material
forming the skirt 3460. The openings 3462 can be positioned within an area of the skirt
3460 between the first edge 3444 of a valve leaflet 3442 (i.e., an area of the skirt
positioned behind a valve leaflet 3442). In some embodiments, the skirt 3460 can
include at least one opening 3462 for each valve leaflet 3442, The one or more openings
3462 can beneficially enhance hemodynamic performance of the prosthesis 3400. For
example, the one or more openings 3462 can allow for significant washout on an
underside of the valve 3420. That is, the one or more openings 3462 can enhance the
exchange of blood from a prior cardiac cycle — which may have stagnated and
accumulated in crevices, pockets, and/or surfaces of the frame 3420, valve body 3440,
and/or skirt 3460 — with fresh blood from a current cardiac cycle. This washout can

beneficially reduce the risk of thrombosis or clot formation under the valve body 3440.
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In some instances, since the space between the valve leaflet 3442 and the skirt 3460 is
generally shielded from the primary flow field of the prosthesis 3400, blood within this
space can begin to stagnate thereby increasing the risk of thrombosis. The one or more
openings 3462 can reduce, or eliminate, the amount of stagnant blood within this space.
Blood flow through the one or more openings 3462 can occur due to a pressure
differential across the prosthesis 3400 (e.g., pressure differential between the left atrium
and left ventricle during diastole and systole) and/or momentum (e.g., momentum of
blood flow during systole). The one or more openings 3462 can take on shapes such as
those illustrated in Figures 50-52 (e.g., circular, diamond-shaped, triangular, etc.). In
some embodiments, the one or more openings 3462 can have different shapes.

[0425] As shown in the illustrated embodiment, the one or more openings
3462 can be positioned along the skirt 3460 at or proximate a proximal region of the
space between the valve leaflet 3442 and the skirt 3460. For example, the one or more
openings 3462 can be positioned at or proximate the attachment between the cusp or first
edge 3444 and the skirt 3460 near a proximal area of this attachment (as shown in
Figure 50). By positioning the one or more openings 3462 at or proximate a proximal
region of the space between the valve leaflet 3442 and the skirt 3460, a greater degree of
washout of the space between the valve leaflet 3442 and the skirt 3460 can be achieved.
This can beneficially ensure that a majority, if not the entirety, of the valve leaflet 3442
is washed or flushed and reduce the likelihood of build-up of stagnant blood.

[0426] In some embodiments, the one or more openings 3462 can be
positioned at least above the distalmost part of the valve leaflet 3442 (e.g., the second
edges 3446) when coapted during the systolic phase. In some embodiments, the one or
more openings 3462 can be positioned at or proximate a proximalmost region of the
space between the valve leaflet 3442 and the skirt 3460. It is to be understood that the
positioning, number, and size of the openings 3462 can be chosen based on numerous
factors including, but not limited to, the geometry of the prosthesis 3400 (i.e., frame
3420, valve body 3440, and/or skirt 3460) and the desired amount of washout.

[0427] As shown in Figure 48, in some embodiments the one or more
openings 3462 can allow antegrade blood flow through the space between the valve

leaflet 3442 and the skirt 3460 and into the ventricle during diastole. This can allow
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stagnant or trapped blood on the underside of the valve leaflet 3442 and the skirt 3460,
from a prior systolic phase, to be flushed during the diastolic phase. = As shown in
Figure 49, in some embodiments the one or more openings 3462 can allow retrograde
blood flow through the space between the valve leaflet 3442 and the skirt 3460 and into
the atrium during systole. This can allow blood which was previously trapped on the
underside of the valve leaflet 3442 and the skirt 3460, from a prior diastolic phase, to be
flushed during the systolic phase.

[0428] In some embodiments (not shown), the one or more openings 3462
can include one-way valves which allow blood to flow through the one or more openings
3462 during systole or diastole while preventing or inhibiting blood to flow through the
one or more openings 3462 during the opposite phase. This can beneficially decrease
undesirable retrograde flow during systole or antegrade flow during diastole through the
one or more openings 3462. In some embodiments, some of the one or more openings
3462 can include one-way valves whereas other of the one or more openings 3462 can
permit flow in both directions. In this manner, the effective area of the one or more
openings 3462 can differ depending on the directionality of blood flow. For example, in
embodiments where the one-way valves permit antegrade flow, the effective area of the
one or more openings 3462 during diastole is greater than the effective area during
systole. This can be beneficial due to the difference in pressure differential between the
left atrium and left ventricle during diastole as compared to the pressure differential
between the left atrium and left ventricle during systole. Since this pressure differential
is generally greater during systole, a greater amount of blood would flow through the one
or more openings 3462 as compared to the amount of blood flow during diastole. It is to
be understood that in some embodiments, at least one of the one-way valves can allow
retrograde flow and at least one of the one-way valves may allow antegrade flow.

[0429] With reference next to the prosthesis 3500 illustrated in Figures 54
and 55, the prosthesis 3500 can include a frame 3520, a valve body 3540, and a skirt
3560. As shown in the illustrated embodiment, the prosthesis 3500 can be positioned
within a native mitral valve. The frame 3520 can be self-expanding or balloon
expandable. The frame 3520 can include a frame body formed from a plurality of struts

defining a plurality of cells. One or more of the cells can allow the frame 3520 to
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longitudinally foreshorten when the frame 3520 radially expands. The frame 3520 can
include one or more anchoring features 3522, such as an annular flange, to secure the
prosthesis to a native valve, such as a native mitral valve.

[0430] The valve body 3540 preferably includes a plurality of valve leaflets
3542 each having at least a first edge 3544 and a second edge 3546. The cusp or first
edge 3544, which may be considered a proximal edge, may be arcuate in shape. The
second edge 3546 can be a freely moving edge which can allow the valve body 3540 to
open and close. The valve leaflet 3542 can be similar to leaflet 1110 illustrated in
Figure 19A which includes a first edge 1112, a second edge 1114, and tabs 1116. The
plurality of valve leaflets 3542 can function in a manner similar to the native mitral
valve, or to any other valves in the vascular system as desired.

[0431] The skirt 3560 can be attached to the frame 3520. The skirt 3560 can
be positioned around and secured to an exterior of the frame 3520. The skirt 3560 can be
annular and can extend entirely circumferentially around the frame 3520. The skirt 3560
can generally prevent or inhibit backflow of fluids, such as blood, around the prosthesis
3500. For example, with the skirt 3560 positioned annularly around an exterior of the
frame 3520, the skirt 3560 can create an axial barrier to fluid flow exterior to the frame
3520 when deployed within a body cavity such as a native valve annulus. As shown in
the illustrated embodiment, the skirt 3560 can be tautly secured around the frame 3520
including the anchoring feature 3522. However, it is to be understood that the skirt 3560
can be loosely attached to the exterior of the frame 3520. As shown in the illustrated
embodiment, at least a portion of the first edge 3544 of the valve leaflet 3542 can be
attached to the skirt 3560.

[0432] The prosthesis 3500 can include one or more channels or conduits
3580 which can allow fluid ingress into and egress out of the space between the valve
leaflet 3442 and the skirt 3460. For example, the prosthesis 3500 can include at least one
conduit 3580 for each valve leaflet 3542. These conduits 3580 can extend between
openings in the material forming the skirt 3560. As shown, the skirt 3560 can include an
opening along a portion of the skirt 3560 proximate the valve leaflet 3542 (similar to that
described above in connection with Figures 48 and 49) and an opening along a portion

of the skirt 3560 extending along the anchoring feature 3522. The conduit 3580 can
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form a fluid pathway between these openings. In some embodiments, such as that
shown, the conduits 3580 can extend past these openings. For example, the conduits
3580 can extend distally past the anchoring feature 3522 and extend into the atrium
and/or the conduits 3580 can extend into a space between the skirt 3560 and the valve
leaflet 3442. Blood flow through the one or more conduits 3580 can occur due to a
pressure differential across the prosthesis 3500 (e.g., pressure differential between the
left atrium and left ventricle during diastole and systole) and/or momentum (e.g.,
momentum of blood flow during systole).

[0433] The one or more conduits 3580 can be formed as structures separate
from other components of the prosthesis 3500 such as the frame 3520, valve body 3540,
and/or the skirt 3560. For example, the conduit 3580 can be a tube which is attached to
one or more other components of the prosthesis 3500. However, it is to be understood
that the one or more conduits 3580 can form part of one of the other components of the
prosthesis 3500. For example, the one or more conduits 3580 can form part of the frame
3520. As another example, the one or more conduits 3580 can form part of the skirt
3560. In some embodiments, the one or more conduits 3580 can be a crease, such as a v-
shaped crease, of the skirt 3560 which extends between the anchoring feature 3522 and
the space between the skirt 3560 and the leaflets 3542.

[0434] By utilizing conduits 3580, the pathway for blood flow can be
controlled. This can be beneficial in instances where the prosthesis 3500 includes
structures positioned between the skirt 3560 and the left atrium such as anchoring feature
3522. Other examples include another skirt positioned exteriorly of the skirt 3560 such
that the skirt 3560 is an inner skirt. The one or more channels or conduits 3580 can
beneficially enhance hemodynamic performance of the prosthesis 3500. For example,
the one or more conduits 3580 can allow for significant washout on an underside of the
valve body 3540. That is, the one or more conduits 3580 can enhance the exchange of
blood from a prior cardiac cycle, which may have stagnated and accumulated in crevices,
pockets, and/or surfaces of the frame 3520, valve body 3540, and/or skirt 3560, with
fresh blood from a current cardiac cycle. This washout can beneficially reduce the risk

of thrombosis or clot formation under the valve body 3540.
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[0435] As shown in the illustrated embodiment, the one or more conduits
3580 can be positioned such that blood flows at or proximate a proximal region of the
space between the valve leaflet 3542 and the skirt 3560. For example, the one or more
conduits 3580 can be positioned such that blood flows at or proximate the attachment
between the first edge 3544 and the skirt 3560 near a proximal area of this attachment.
By positioning the one or more conduits 3580 such that blood flows at or proximate a
proximal region of the space between the valve leaflet 3542 and the skirt 3560, a greater
degree of washout of the space between the valve leaflet 3542 and the skirt 3560 can be
achieved. This can beneficially ensure that a majority, if not the entirety, of the valve
leaflet 3442 is washed or flushed and reduce the likelihood of build-up of stagnant blood.

[0436] In some embodiments, the one or more conduits 3580 can be
positioned such that blood flows at least above the distalmost part of the valve leaflet
3542 (e.g., the second edges 3546) when coapted during the systolic phase. In some
embodiments, the one or more conduits 3580 can be positioned at or proximate a
proximalmost region of the space between the valve leaflet 3442 and the skirt 3460. It is
to be understood that the positioning, number, and size of the conduits 3580 can be
chosen based on numerous factors including, but not limited to, the geometry of the
prosthesis 3500 (i.e., frame 3520, valve body 3540, and/or skirt 3560) and the desired
amount of washout.

[0437] As shown in Figure 54, in some embodiments the one or more
conduits 3580 can allow antegrade blood flow through the space between the valve
leaflet 3542 and the skirt 3560 and into the ventricle during diastole. This can allow
stagnant or trapped blood on the underside of the valve leaflet 3542 and the skirt 3560,
from a prior systolic phase, to be flushed during the diastolic phase. = As shown in
Figure 55, in some embodiments the one or more conduits 3580 can allow retrograde
blood flow through the space between the valve leaflet 3542 and the skirt 3560 and into
the atrium during systole. This can allow blood which was previously trapped on the
underside of the valve leaflet 3542 and the skirt 3560, from a prior diastolic phase, to be
flushed during the systolic phase.

[0438] In some embodiments, the one or more conduits 3580 can include

one-way valves which allow blood to flow through the one or more conduits 3580 during
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systole or diastole while preventing or inhibiting blood to flow through the one or more
conduits 3580 during the opposite phase. This can beneficially decrease undesirable
retrograde flow during systole or antegrade flow during diastole through the one or more
conduits 3580. In some embodiments, some of the one or more conduits 3580 can
include one-way valves whereas other of the one or more conduits 3580 can permit flow
in both directions. In this manner, the effective area of the one or more conduits 3580
can differ depending on the directionality of blood flow. It is to be understood that in
some embodiments, at least one of the one-way valves can allow retrograde flow and at
least one of the one-way valves may allow antegrade flow.

[0439] Although prosthesis 3500 incorporates one or more conduits 3580
extending between openings formed in the material of the skirt 3560, it is to be
understood that the valve body 3540 and/or skirt 3560 can include openings which are
not connected with conduits 3580. For example, the one or more openings can be
formed along parts of the valve body, such as valve leaflets and/or intermediate
components (not shown) as described above. Moreover, it is to be understood that in
some embodiments, the conduits can be omitted and the skirt 3560 can simply include
openings along a portion of the skirt 3560 extending along the frame. These openings
can be positioned within an area of the skirt 3560 between the first edge 3544 of a valve
leaflet 3542 (i.e., an area of the skirt positioned behind a valve leaflet 3442). These
openings can be positioned within a portion of the skirt 3560 extending along the frame
at the anchoring feature 3522. This can beneficially allow washout in a space between
the skirt 3560 and the valve leaflet 3542 as well as in a space between the skirt 3560 and
the native mitral valve leaflet (e.g., above the native mitral valve leaflet).

[0440] With reference next to the prosthesis 3600 illustrated in Figures 56
and 57, the prosthesis 3600 can include a frame 3620, a valve body 3640, and a skirt
3660. While the embodiments of prostheses 3400, 3500, and 3600 have included
openings within skirts, it is to be understood that other components of the prosthesis can
include one or more openings. For example, components of the valve body, such as the
intermediate components and/or the valve leaflets can include one or more openings.

[0441] With reference to Figures 58-73, embodiments of prostheses 3800,
3900, 4000, 4100, 4200, 4300, 4400, 4500, 4600, 4700 or components thereof such as
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frames 3820, 3920, 4020, 4120, 4220, 4320, 4420, 4520, 4620, 4720 and skirts 3860,
3960, 4060, 4160, 4260, 4360, 4460, 4560, 4660, 4760 are illustrated. These
embodiments illustrate components and geometries of skirts which can beneficially
reduce paravalvular leakage around the prostheses when implanted within a native valve.

[0442] With reference first to the prosthesis 3800 illustrated in Figures S8-
61, the prosthesis 3800 can include a frame 3820, a valve body (not shown), and a skirt
3860 which can be attached to the frame 3820. Figure 58 illustrates the frame 3820 with
the proximal end of the skirt 3860 detached from the frame 3820. Figure 59 is a
perspective-oriented, exploded schematic view of the skirt 3860 to illustrate the various
parts forming the skirt 3860. Figures 60 and 61 illustrate the skirt 3860 in a first
configuration and a second configuration. The frame 3820 can be self-expanding or
balloon expandable. As shown in the illustrated embodiment, the frame 3820 can
include a frame body formed from a plurality of struts defining a plurality of cells. One
or more of the cells can allow the frame 3820 to longitudinally foreshorten when the
frame 3820 radially expands.

[0443] The skirt 3860 can be positioned around and secured to an exterior of
the frame 3820. As shown in the illustrated embodiment, the skirt 3860 can be loosely
attached to the exterior of the frame 3820. The skirt 3860 can generally prevent or
inhibit backflow of fluids, such as blood, around the prosthesis 3800. For example, with
the skirt 3860 positioned annularly around an exterior of the frame 3820, the skirt 3860
can create an axial barrier to fluid flow exterior to the frame 3820 when deployed within
a body cavity such as a native valve annulus. As such, the skirt 3860 can have a
geometry which forms an advantageous seal over the native valve annulus, such as that
of the native mitral valve annulus.

[0444] The skirt 3860 can be formed from multiple components such as an
upper component 3862 and a lower component 3864. As shown in Figures 60 and 61,
the upper component 3862 can be attached to an upper portion of the frame 3820, such as
an upper edge or inflow end of the frame 3820. The upper component 3862 can extend
downwardly and be attached to the lower component 3864. The lower component 3864
can be attached to the upper component 3862. As shown in the illustrated embodiment,

the lower component 3864 can extend downwardly. As shown, the lower edge of the
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lower component 3864 can be attached along a lower portion of the frame 3820, such as
a lower edge or outflow end of the frame 3820. It is contemplated that the lower
component 3864 can have a lower edge with a shape that matches the lower edge of the
frame 3820. While the skirt 3860 is formed from two components — an upper component
3862 and a lower component 3864 — it is to be understood that the skirt 3860 can be
formed from a fewer number of components or a greater number of components. For
example, the skirt 3860 can be formed as a monolithic unit.

[0445] In embodiments where the prosthesis 3800 is designed for use in the
native mitral valve, the prosthesis 3800 can include a valve body which inhibits or
prevents blood flow in a retrograde direction (i.e., in a direction from the lower edge to
the upper edge). As shown in Figure 61, blood flow can be directed from within the
frame 3820 and outwardly towards the skirt 3860 to expand the skirt 3860. In so doing,
the skirt 3860 can impart a force on the native mitral valve annulus to enhance sealing
and beneficially reduce paravalvular leakage. As shown, when in a radially expanded
configuration, the skirt 3860 can have a shape which bulges radially outwardly closer to
the upper end of the frame 3820 than the lower end of the frame 3820 due to the size of
the components 3862, 3864 and the location of the seam lines. This can be beneficial in
instances where the skirt 3860 is intended to be seated generally supra-annularly.
However, it is to be understood that the skirt 3860 can have a shape which bulges
radially outwardly closer to the lower end of the frame 3820 than the upper end of the
frame 3820 when the skirt 3860 in a radially expanded configuration. This can be
achieved by modifying the position of the attachment points of the skirt 3860. For
example, the attachment point between the components 3862, 3864 can be shifted
upwards.

[0446] With reference next to the prosthesis 3900 illustrated in Figures 62-
65, the prosthesis 3900 can include a frame 3920, a valve body (not shown), and a skirt
3960 which can be attached to the frame 3920. Figure 62 illustrates the frame 3920 with
components of the skirt 3960 detached from each other. Figure 63 is a perspective-
oriented, exploded schematic view of the skirt 3960 to illustrate the various parts
forming the skirt 3960. Figures 64 and 65 illustrate the skirt 3960 in a first

configuration and a second configuration. The skirt 3960 can be formed from multiple
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components such as an upper component 3962, a middle component 3964, and a lower
component 3966. The upper component 3962 can be attached to an upper portion of the
frame 3920, such as an upper edge or inflow end of the frame 3920. The upper
component 3962 can extend downwardly and be attached to the middle component 3964.
The lower component 3966 can be attached to the middle component 3964 and can
extend downwardly. As shown, the lower edge of the lower component 3966 can be
attached along a lower portion of the frame 3920, such as a lower edge or outflow end of
the frame 3920. It is contemplated that the lower component 3964 can have a lower edge
with a shape that matches the lower edge of the frame 3920. While the skirt 3960 is
formed from three components, it is to be understood that the skirt 3960 can be formed
from a fewer number of components or a greater number of components. For example,
the skirt 3960 can be formed as a monolithic unit.

[0447] In embodiments where the prosthesis 3900 is designed for use in the
native mitral valve, the prosthesis 3900 can include a valve body which inhibits or
prevents blood flow in a retrograde direction (i.e., in a direction from the lower edge to
the upper edge). As shown in Figure 65, blood flow can be directed from within the
frame 3920 and outwardly towards the skirt 3960 to expand the skirt 3960. As shown,
when in a radially expanded configuration, the skirt 3960 can have a supplemental rib or
extension formed by the middle component 3964. The supplemental rib can have a
partially toroidal shape, formed by the middle component 3964, which extends further
radially outward from the middle portion of the skirt 3960 which itself forms an annular
ring. This shape can be achieved via sizing of the components 3962, 3964, 3966 and the
location of the seam lines. For example, portions of the components 3962, 3964, 3966
can overlap prior to being sutured or attached. This partially toroidal extension can
beneficially increase the volume of the skirt in a region between an upper side and a
lower side of the native valve annulus (e.g., an atrial side and a ventricular side of the
native mitral valve annulus). This can beneficially ensure that the skirt 3960 forms a seal
within the native valve annulus without significantly increasing the amount of material
for the skirt 3960. This can beneficially allow the prosthesis 3900 to maintain a smaller
form factor when in a collapsed configuration for delivery. While the partially toroidal

extension is shown generally along a middle portion of the skirt 3960 when the skirt
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3960 is in an expanded configuration, it is to be understood that the partially toroidal
extension can be positioned higher or lower along the skirt 3960 when the skirt 3960 is
in an expanded configuration.. Moreover, while the partially toroidal extension has been
described as having a greater volume within the native valve annulus to form a seal
within the native valve annulus, it is to be understood that the partially toroidal extension
can be positioned above or below the native valve annulus to seal above or below the
native valve annulus.

[0448] With reference next to the prosthesis 4000 illustrated in Figure 66, the
prosthesis 4000 can include a frame 4020, a valve body (not shown), and a skirt 4060
which can be attached to the frame 4020. In embodiments where the prosthesis 4000 is
designed for use in the native mitral valve, the prosthesis 4000 can include a valve body
which inhibits or prevents blood flow in a retrograde direction (i.e., in a direction from
the lower edge to the upper edge). As shown, since the lower edge of the skirt 4060 is
attached to the lower edge of the frame 4020, blood flow can be directed from within the
frame 4020 and outwardly towards the skirt 4060 to expand the skirt 4060. As shown,
when in an expanded configuration, the skirt 4060 can have a shape which bulges
radially outwardly closer to the upper end of the frame 4020 than the lower end of the
frame 4020. The skirt 4060 can also have a generally concave shape near a lower end of
the skirt 4060. This can be beneficial in instances where the skirt 4060 is intended to be
seated generally supra-annularly. However, it is to be understood that the dimensions of
the skirt 4060 can be reversed.

[0449] With reference next to the prosthesis 4100 illustrated in Figure 67, the
prosthesis 4100 can include a frame 4120, a valve body (not shown), and a skirt 4160
which can be attached to the frame 4120. In embodiments where the prosthesis 4100 is
designed for use in the native mitral valve, the prosthesis 4100 can include a valve body
which inhibits or prevents blood flow in a retrograde direction (i.e., in a direction from
the lower edge to the upper edge). As shown, since the lower edge of the skirt 4160 is
not attached to the lower edge of the frame 4120, blood flow can be directed from
outside the frame 4120 and into the skirt 4160. Moreover, blood flow can be directed
from within the frame 4120 and outwardly towards the skirt 4160 to expand the skirt

4160. As shown, when in an expanded configuration, the skirt 4160 can have a shape
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which is generally cylindrical. However, it is to be understood that the skirt 4160 can
have a non-cylindrical shape. For example, as shown in Figure 68, the skirt 4260 can
have a shape which bulges radially outwardly closer to the upper end of the frame 4220
than the lower end of the frame 4220. However, it is to be understood that the
dimensions of the skirt 4260 can be reversed.

[0450] With reference next to the prosthesis 4300 illustrated in Figure 69, the
prosthesis 4300 can include a frame 4320, a valve body (not shown), and a skirt 4360
which can be attached to the frame 4320. In embodiments where the prosthesis 4300 is
designed for use in the native mitral valve, the prosthesis 4300 can include a valve body
which inhibits or prevents blood flow in a retrograde direction (i.e., in a direction from
the lower edge to the upper edge). As shown, since the lower edge of the skirt 4360 is
attached to the lower edge of the frame 4320, blood flow can be directed from within the
frame 4320 and outwardly towards the skirt 4360 to expand the skirt 4360. As shown,
when in an expanded configuration, the skirt 4360 can have a shape which bulges
radially outwardly closer to the lower end of the frame 4320 than the upper end of the
frame 4320. In some embodiments, such as that of prosthesis 4400 of Figure 70, the
skirt 4460 can include a bulge which can beneficially be positioned proximate a lower
anchoring feature 4422 of the frame 4420. This can enhance sealing sub-annularly by
imparting a force upon the native leaflets towards a sub-annular surface of the native
annulus. However, it is to be understood that the dimensions can be reversed.

[0451] Figures 71-73 illustrate top-oriented cross-sectional schematic views
of prostheses 4500, 4600, 4700. The skirts 4560, 4660, 4700 can correspond to the skirts
described above in connection with Figures 66-69 or any other skirt as described herein.
With reference first to the prosthesis 4500 illustrated in Figure 71, the prosthesis 4500
can include a frame 4520, a valve body (not shown), and a skirt 4560 which can be
attached to the frame 4520. The skirt 4560 can extend around the entire periphery of the
frame 4520 to a generally equivalent radial dimension when in an expanded
configuration.

[0452] With reference next to the prosthesis 4600 illustrated in Figure 72, the
prosthesis 4600 can include a frame 4620, a valve body (not shown), and a skirt 4660

which can be attached to the frame 4620. As shown, when in an expanded configuration,
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the skirt 4660 can extend partially around the entire periphery of the frame 4620. This
can be beneficial in instances where the prosthesis 4600 is positioned within native
anatomy which is non-circular in shape and/or in instances where targeted contact
locations can be advantageous. Moreover, this configuration can reduce the total
material usage for skirt 4660 which can advantageously reduce the overall form factor
when in a compact configuration for delivery.

[0453] With reference next to the prosthesis 4700 illustrated in Figure 73, the
prosthesis 4700 can include a frame 4720, a valve body (not shown), and a skirt 4760
which can be attached to the frame 4720. As shown, the skirt 4760 can extend around
the entire periphery of the frame 4720. When in an expanded configuration, the skirt
4760 can extend to different radial dimensions with a first peripheral region 4762
extending to a first radial dimension and a second peripheral region 4764 extending to a
second radial dimension greater than the first radial dimension. The second region 4764
can form one or more bulges which extends further radially outward than the other
portions of the skirt 4760. This can be beneficial in instances where the prosthesis 4700
is positioned within native anatomy which is non-circular in shape and/or in instances
where targeted contact locations can be advantageous. Moreover, this configuration can
reduce the total material usage for skirt 4760 which can advantageously reduce the
overall form factor when in a compact configuration for delivery.

[0454]  Although the skirts 3860, 3960, 4060, 4160, 4260, 4360, 4460
described above are illustrated as extending the entire height of the frames 3820, 3920,
4020, 4120, 4220, 4320, 4420, it is to be understood that the skirts can extend only a part
of the height of the frames.

[0455] With reference to Figures 74-79, embodiments of prostheses 4800,
4900, 5000, 5100, or components thereof such as frames 4820, 4920, 5020, 5120, valve
bodies 4840, and skirts 4860, 4960, 5060, 5160, are illustrated. These embodiments
illustrate methods by which skirts can extend radially outwardly and impart a force upon
native tissue, such as tissue of a native valve annulus. With reference first to the
prosthesis 4800 illustrated in Figure 74, the prosthesis 4800 can include a frame 4820, a
valve body 4840, and a skirt 4860 which can be attached to the frame 4820. The frame

4820 can be self-expanding or balloon expandable. As shown in the illustrated
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embodiment, the frame 4820 can include a frame body formed from a plurality of struts
defining a plurality of cells. One or more of the cells can allow the frame 4820 to
longitudinally foreshorten when the frame 4820 radially expands.

[0456] The valve body 4840 preferably includes a plurality of valve leaflets
4842 and a valve skirt 4843. The valve skirt 4843 can include one or more openings or
windows 4844 which can allow fluid communication between an interior of the valve
body 4840 and an interior of the skirt 4860. These openings or windows 4844 can be
similar to those described above in connection with Figures 48-56. The plurality of
valve leaflets 4842 can function in a manner similar to the native mitral valve, or to any
other valves in the vascular system as desired. The skirt 4860 can be positioned around
and secured to an exterior of the frame 4820. As shown in the illustrated embodiment,
the skirt 4860 can be loosely attached to the exterior of the frame 4820. The skirt 4860
can generally prevent or inhibit backflow of fluids, such as blood, around the prosthesis
4800. For example, with the skirt 4860 positioned annularly around an exterior of the
frame 4820, the skirt 4860 can create an axial barrier to fluid flow exterior to the frame
4820 when deployed within a body cavity such as a native valve annulus. As such, the
skirt 4860 can have a geometry which forms an advantageous seal over the native valve
annulus, such as that of the native mitral valve annulus.

[0457] In embodiments where the prosthesis 4800 is designed for use in the
native mitral valve, the prosthesis 4800 can include a valve body 4840 which inhibits or
prevents blood flow in a retrograde direction (i.e., in a direction from the lower edge to
the upper edge). As shown, blood flow can be directed from within the frame 4820 and
outwardly towards the skirt 4860 to expand the skirt 4860. The openings or windows
4844 of the valve skirt 4843 can beneficially direct blood flow towards particular areas
of the skirt 4860. In so doing, the skirt 4860 can impart a force on the native mitral valve
annulus to enhance sealing and beneficially reduce paravalvular leakage. As shown,
multiple openings or windows 4844 can be positioned along the valve skirt 4843 at
various axial positions. In some embodiments, multiple openings or windows can form a
row which extends a substantial portion of the height of the frame 4820. In some

embodiments, a single opening can extend a substantial portion of the height of the frame
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4820. However, it is to be understood that the openings or windows 4844 can instead be
positioned a part of the height of the frame 4820.

[0458] In some embodiments, components of the prosthesis 4800, such as the
valve body 4840 and/or skirt 4860, can include one or more one-way valves which
inhibit or prevent blood from flowing out of the skirt 4860. For example, as shown in
the embodiment of valve skirt 4843’ illustrated in Figures 75-77, the valve skirt 4843’
can include one-way valves 4846’ in the form of flaps which cover the openings 4844’ in
the valve skirt 4843’. As shown in Figure 75, the one-way valves 4846’ can be
positioned along an exterior of the valve skirt 4843’. The one-way valves 4846’ can be
attached to the valve skirt 4843’ via sutures along at least a portion of the periphery of
the one-way valves 4846’. For example, as shown in the illustrated embodiment, the
one-way valves 4846’ can be attached to the valve skirt 4843’ along side edges 4848a’,
4848b’ of the one-way valves 4846’. However, it is to be understood that the one-way
valves 4846’ can be attached to the valve skirt 4843 along other portions of the periphery
such as the top and/or bottom edges of the one-way valves 4846’

[0459] The one-way valves 4846’ can allow flow in a first direction and
reduce or inhibit flow in a second direction opposite the first direction. For example, as
shown in Figure 76, the one-way valves 4846’ can transition to an open configuration
when subject to fluid flow in a direction from a first side of the valve skirt 4843" to a
second side of the valve skirt 4843'. As shown in Figure 77, the one-way valves 4846’
can transition to a closed configuration when subject to fluid flow in a direction from a
second side of the valve skirt 4843’ to a first side of the valve skirt 4843'. In some
instances, this transitioning between open and closed configurations may be caused by a
pressure differential between the two sides of the valve skirt 4843’. For example, the
one-way valves 4846’ can transition into the open configuration during systole and
transition into the closed configuration during diastole. However, it is to be understood
that the operation of the one-way valves 4846’ may be reversed such that the one-way
valves 4846’ transition into the open configuration during diastole and transition into the
closed configuration during systole.

[0460] In some embodiments, the one or more one-way valves 4846’ can

allow flow in a first direction from inside the valve body, such as valve body 4840, and
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into a skirt, such as skirt 4860, and reduce or inhibit flow in a second direction out of the
skirt into the valve body. For example, the one or more one-way valves 4846’ can allow
flow into a skirt, such as skirt 4860, during systole and reduce or inhibit flow out of the
skirt during diastole. This can beneficially ensure that the skirt 4860 remains in a
generally enlarged configuration throughout the various phases of the cardiac cycle and
thereby reduce material fatigue. Moreover, since the skirt 4860 is maintained in the
second configuration with a fluid, the skirt 4860 can better conform to the native
anatomy. This can beneficially enhance tissue ingrowth along the skirt 4860 due to
constant contact with surrounding body tissue.

[0461] Additionally, by ensuring that the skirt 4860 remains in a generally
enlarged configuration, the amount of blood traveling into skirt 4860 during systole can
be reduced since the skirt 4860 is already filled with blood. This can advantageously
increase efficiency of the left ventricle since little to no blood volume is pumped into the
skirt 4860 once the skirt 4860 is filled. Moreover, by relying on blood flow into the skirt
4860, the prosthesis 4800 can advantageously take on a relatively compact form factor
when initially delivered to the native heart valve. In some instances, since the skirt 4860
1s maintained in the second configuration with blood, the consistency of the skirt 4860
can more closely match that of native valve tissue and allow movement of the prosthesis
4800 to be dampened during the cardiac cycle.

[0462] It is to be understood that the one-way valves 4846’ can take on other
forms, such as duckbill valves and slit valves. In some embodiments, the one-way
valves 4846’ can incorporate features, such as nitinol struts, which bias the one-way
valves 4846’ into a closed configuration. As another example, the one-way valves 4846’
can be shaped similarly to a windsock with a larger cross-sectional area at an inlet end
and a smaller cross-sectional area at an outlet end. When subject to flow in a first
direction from the inlet end to the outlet end, the one-way valve 4846’ can transition to
an expanded configuration in which the one-way valve 4846’ allows blood to flow
through the valve 4846’. When subject to flow in a second direction from the outlet end
to the inlet end, the one-way valve 4846’ can collapse upon itself such that blood is not

allowed to flow through the valve 4846’.
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[0463] With reference first to the prosthesis 4900 illustrated in Figures 78
and 79, the prosthesis 4900 can include a frame 4920, a valve body (not shown), and a
skirt 4960 which can be attached to the frame 4920. The frame 4920 can be self-
expanding or balloon expandable. As shown in the illustrated embodiment, the frame
4920 can include a frame body formed from a plurality of struts defining a plurality of
cells. One or more of the cells can allow the frame 4920 to longitudinally foreshorten
when the frame 4920 radially expands.

[0464] The skirt 4960 can be positioned around and secured to an exterior of
the frame 4920. As shown in the illustrated embodiment, the skirt 4960 can be loosely
attached to the exterior of the frame 4920. The skirt 4960 can generally prevent or
inhibit backflow of fluids, such as blood, around the prosthesis 4900. For example, with
the skirt 4960 positioned annularly around an exterior of the frame 4920, the skirt 4960
can create an axial barrier to fluid flow exterior to the frame 4920 when deployed within
a body cavity such as a native valve annulus. As such, the skirt 4960 can have a
geometry which forms an advantageous seal over the native valve annulus, such as that
of the native mitral valve annulus.

[0465] As shown, the prosthesis 4900 can include a biasing member 4980,
such as a radial or torsion spring, which imparts a radially outward force upon the skirt
4960 to bias the skirt 4960 radially outwardly. In so doing, the skirt 4960 can impart a
force on the native mitral valve annulus to enhance sealing and beneficially reduce
paravalvular leakage. It is to be understood that other types of biasing members, such as
coil springs, can be used. Moreover, as shown in the embodiments of prostheses 5000,
5100 illustrated in Figures 80-82, other types of biasing members 5080, 5180, such as
cantilevers or arms, can be used to bias skirts 5060, 5160 radially outwardly of frames
5020, 5120. As shown in Figures 80-82, the biasing members 5080, 5180 can extend
from various portions of the frame such as the upper edge and/or the lower edge. Other
embodiments of biasing members are described in further detail in U.S. App. No.
15/247,461, filed August 25, 2016.

[0466] In some embodiments, the biasing members 4980, 5080, 5180 can be
used in combination with blood flow into the skirts 4060, 5060, 5160, to impart a force

on surrounding tissue. For example, the configuration of prostheses 4900, 5000, 5100
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can be used in combination with the configuration of prosthesis 4800. This can
beneficially increase the amount of force imparted on surrounding tissue. However, it is
to be understood that the biasing members 4980, 5080, 5180 can be utilized without

blood flow into the skirts to impart such forces on surrounding tissue.

Exemplary Placement of Replacement Valves

[0467] Reference is now made to Figures 41A-43 which illustrate schematic
representations of an embodiment of a prosthesis 3000 positioned within a native mitral
valve of a heart 10. As noted above, in some embodiments the prostheses described
herein can be positioned within a native mitral valve. A portion of the native mitral
valve is shown schematically and represents typical anatomy, including a left atrium 20
positioned above an annulus 40 and a left ventricle 30 positioned below the annulus 40.
The left atrium 20 and left ventricle 30 communicate with one another through a mitral
annulus 40. Also shown schematically in Figures 41A-43 is a native mitral leaflet 50
having chordae tendineae 60 that connect a downstream end of the mitral leaflet S0 to the
papillary muscle of the left ventricle 30. The portion of the prosthesis 3000 disposed
upstream of the annulus 40 (toward the left atrium) can be referred to as being positioned
supra-annularly. The portion generally within the annulus 40 can be referred to as
positioned intra-annularly. The portion downstream of the annulus 40 can be referred to
as being positioned sub-annularly (toward the left ventricle). In the illustrated
embodiment, only a part of the foreshortening portion is positioned intra-annularly or
sub-annularly, and the rest of the prosthesis 3000 is supra-annular.

[0468] As shown in the situations illustrated in Figures 22A-23B, the
prosthesis 3000 can be disposed so that the mitral annulus 40 is between the upper or
atrial anchoring feature 3010 and the lower or ventricular anchoring feature 3020. In
some situations, the prosthesis 3000 can be positioned such that ends or tips 3022 of the
lower anchoring feature 3020 can contact the ventricular side of the annulus 40 as
shown, for example, in Figures 41A-C. In some situations, the prosthesis 3000 can be
positioned such that ends or tips 3022 of the lower anchoring feature 3020 do not contact
the annulus 40 as shown, for example, in Figures 42A-B, and may just contact a

downstream side of the leaflet 50. In some situations, the prosthesis 3000 can be
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positioned such that the lower anchoring feature 3020 do not extend around the leaflet 50
as illustrated, but rather are positioned radially inward of the leaflet 50 as shown, for
example, in Figure 43. While Figures 41A-43 are described separately below, it should
be understood that one or more of the situations illustrated in Figures 41A-43 may be
present when the prosthesis 3000 is positioned at the implantation location, such as a
native mitral valve. For example, in some situations the prosthesis 3000 may be
positioned such that some portion of the anchoring feature 3020 may contact the annulus
40 while another portion of the lower anchoring feature 3020 may not. Moreover, it may
be contemplated some in some situations, some portion of the anchoring feature 3020
may be positioned

[0469] With reference first to the situations illustrated in Figures 41A-42B,
the prosthesis 3000 can be positioned so that the ends or tips 3022 of the lower anchoring
feature 3020 are on a ventricular side of the mitral annulus 40 and the ends or tips 3012
of the upper anchoring feature 3010 are on an atrial side of the mitral annulus 40. The
lower anchoring feature 3020 can be positioned such that the ends or tips 3022 of the
lower anchoring feature 3020 are on a ventricular side of the native leaflets radially
outwardly beyond a location where chordae tendineae 60 connect to free ends of the
native leaflets 50. The lower anchoring feature 3020 may extend between at least some
of the chordae tendineae 60 and, in some situations such as those shown in Figures 41A-
C, can contact or engage a ventricular side of the annulus 40. It is also contemplated that
in some situations, such as those shown in Figures 42A-B, the lower anchoring feature
3020 may not contact the annulus 40, though the lower anchoring feature 3020 may still
contact the native leaflet 50. In some situations, the lower anchoring feature 3020 can
contact tissue of the left ventricle 30 beyond the annulus 40 and/or a ventricular side of
the leaflets 50.

[0470] During delivery, the lower anchoring feature 3020 (along with the
frame 3002) can be moved toward the ventricular side of the annulus 40 with the lower
anchoring feature 3020 extending between at least some of the chordae tendineae 60 to
provide tension on the chordae tendineae 60 after the prosthesis 3000 is finally delivered.
The degree of tension provided on the chordae tendineae 60 can differ. For example,

little to no tension may be present in the chordae tendineae 60 as shown in Figure 41C
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where the leaflet 50 is shorter than or similar in size to the lower anchoring feature 3020.
A greater degree of tension may be present in the chordae tendineae 60 as shown in
Figure 41A and 42B where the leaflet 50 is longer than the lower anchoring feature 3020
and, as such, takes on a compacted form and is pulled proximally. An even greater
degree of tension may be present in the chordae tendineae 60 as shown in Figures 42A-
B where the leaflets 50 are even longer relative to the lower anchoring feature 3020. As
shown in Figures 42A-B, the leaflet 50 is sufficiently long such that the lower anchoring
feature 3020 do not contact the annulus 40.

[0471] The upper anchoring feature 3010 can be positioned such that the ends
or tips 3012 of the upper anchoring feature 3010 are on or adjacent the atrial side of the
annulus 40 and/or tissue of the left atrium 20 beyond the annulus 40. In some situations,
some portion or all of the upper anchoring feature 3010 may only occasionally contact or
engage atrial side of the annulus 40 and/or tissue of the left atrium 20 beyond the annulus
40. For example, as shown in Figures 41A-B, the upper anchoring feature 3010 may be
spaced from the atrial side of the annulus 40 and/or tissue of the left atrium 20 beyond
the annulus 40. The upper anchoring feature 3010 may be utilized to provide axial
stability for the prosthesis 3000 and prevent off-axis orientation. Further, the upper
anchoring feature 3010 can act as a safety feature without utilizing them for axial
stability and off-axis orientation. For example, if the prosthesis 3000 is improperly
deployed so that the prosthesis 3000 is deployed too low toward the left ventricle 30, the
upper anchoring feature 3010 can prevent the prosthesis 3000 from falling into the left
ventricle 30. In some situations such as those shown in Figures 41A and 42A, some or
all of the upper anchoring feature 3010 may not contact the annular skirt 3030. This may
occur when the skirt 3030 is in a collapsed configuration although it may also occur
when the skirt 3030 is in an expanded configuration. It is also contemplated that some or
all of the upper anchoring feature 3010 may contact the atrial side of the annulus 40
and/or tissue of the left atrium 20 beyond the annulus 40. The particular curve of the
upper anchoring feature 3010 discussed above can prevent trauma to tissue of the heart
10, and can also help with stabilization of the prosthesis 3000 in the heart 10.

[0472] With continued reference to the situations illustrated in Figures 41A-
43, the skirt 3030 can be positioned such that a proximal portion 3032 of the annular

Date Regue/Date Received 2020-04-17



-133 -

skirt 3030 is positioned along or adjacent an atrial side of the annulus 40. The proximal
portion 3032 can be positioned between the atrial side of the annulus 40 and the upper
anchoring feature 3010. The proximal portion 3032 can extend radially outward such that
the skirt 3030 is positioned along or adjacent tissue of the left atrium 20 beyond the
annulus 40.

[0473] In some situations such as those shown in Figure 41A and 41A, the
skirt 3030 may not contact the wall of the heart 10. In some situations such as those
shown in Figures 41B, 41C, 42B, 43, the skirt 3030 may contact the wall of the heart 10.
As shown in Figure 22A-23B, the annular skirt 3030 can also assist in filling gaps which
exist between the leaflet S0 and the frame 3002 (portions of which are illustrated in
dashed lines).

[0474] In some situations such as that shown in Figure 43, the leaflet 50 may
not be captured between the frame 3002 and a portion of the lower anchoring feature
3020. As shown, the portion of the lower anchoring feature 3020 may be positioned
along an atrial surface of the leaflet S0. The portion of the lower anchoring feature 3020
may also be positioned along an inner surface of the annulus 40. It is also contemplated
that the portion of the lower anchoring feature 3020 may exert a force against the leaflet
50 such that the leaflet 50 is pushed radially outward, relative to the longitudinal axis of
the frame 3002, towards a wall of the heart 10. In such situations, the skirt 3030 can
create a seal intra-annularly and/or along an atrial side of the leaflet 50. In alternative
situations (not shown), the skirt 3030 can create a seal along a ventricular side of the
annulus 40. For example, the prosthesis 3000 may be disposed in the annulus 40 such
that a portion of the skirt 3030 is positioned on the ventricular side of the annulus 40.

[0475] As noted above, although the in vivo situations of Figure 41A-43
have been described separately, it should be understood that one or more of these
situations may be present when a prosthesis is positioned at the implantation location,
such as a native mitral valve. For example, a portion of the lower anchoring feature 3020
may not capture the leaflet 50 whereas the remaining portion may capture the leaflet 50.
As another example, when the prosthesis 3000 is positioned within the native mitral
valve, the skirt 3030 can contact the wall of the heart 10 along one or more portions of an

outermost circumference of the proximal portion 3032 and may not contact the wall of
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the heart 10 along other portions of the outermost circumference of the proximal portion
3032. For example, the skirt 3030 may contact the wall of the heart 10 along an
approximately 180 degree portion of the outermost circumference of the proximal
portion 3032 and may not contact the wall of the heart 10 along the remaining,
approximately 180 degree portion of the outermost circumference of the proximal
portion 3032.

[0476] With reference next to the prosthesis 3100 illustrated in Figures 44
and 45, the prosthesis 3100 is illustrated positioned within a heart 10 which has been
splayed to more clearly show positioning of the prosthesis 3100 within the heart 10.
Figure 44 illustrates the prosthesis 3100 as viewed from an atrial side of the native
mitral valve annulus. As shown in the illustrated embodiment, the prosthesis 3100
includes a skirt 3110 extending over an anchoring feature positioned over an atrial side
of a native mitral valve annulus. Figure 45 illustrates the prosthesis 3100 as viewed

from a ventricular side of the native mitral valve annulus.

Delivery of Prosthesis

[0477] The prostheses described herein can be delivered to a patient’s native
heart valve in various ways, such as by open surgery, minimally-invasive surgery, and
percutaneous or transcatheter delivery through the patient’s vasculature. In some
embodiments, the prosthesis can be delivered to a patient’s native mitral valve through
procedure such as, but not limited to, a transapical procedure and a transseptal procedure.

[0478] As noted above, the prostheses can be used with a variety of delivery
systems such as “slot”-based and/or “tether”-based systems. For purposes of the
following figures, it is to be understood that the distal direction is towards the right of the
drawing. With reference first to the system 3200 of Figure 46, the system 3200 can
include a delivery device 3210 with a prosthesis 3280 contained within the delivery
device 3210. A first end 3282 of the prosthesis 3280 can be placed in a compressed state
such that the first end 3282 of the prosthesis 3280 is retained between a nose cone 3220
and an inner retention member 3222 when the inner retention member 3222 is received
within and covered by the nose cone 3220. The inner retention member 3222 can

include one or more slots which interface with locking tabs 3284. The interface between
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the locking tabs 3284 and slots of the inner retention member 3222 can inhibit axial
movement of the prosthesis 3280 relative to the inner retention member 3222. When the
first end 3282 of the prosthesis 3280 is uncovered, such as by moving the nose cone
3220 distally relative to the inner retention member 3222 or by moving the inner
retention member 3222 proximally relative to the nose cone 3220, the first end 3282 of
the prosthesis 3280 can be released. This release can be caused by the prosthesis 3280
transitioning from a collapsed configuration to an expanded configuration when the
prosthesis 3280 is formed from a self-expanding material.

[0479] At least a second end 3286 of the prosthesis 3280 can be placed in a
compressed state such that the second end 3286 of the prosthesis 3280 is retained within
a hollow shaft member 3230. When the second end 3286 is uncovered, such as by
moving the hollow shaft member 3230 proximally relative to the prosthesis 3280 or by
moving the prosthesis 3280 distally relative to the hollow shaft member 3230, the second
end 3286 of the prosthesis 3280 can be released. This release can be caused by the
prosthesis 3280 transitioning from a collapsed configuration to an expanded
configuration when the prosthesis 3280 is formed from a self-expanding material. In
some embodiments, the delivery system 3210 can include a tether 3240 which can wrap
around a portion of the prosthesis 3280, such as an anchoring feature on the second end
3286. The tether 3240 can be used to control expansion of a portion of the prosthesis
3280, such as the second end 3286, when the portion of the prosthesis 3280 is uncovered.

[0480] In some embodiments, the system 3200 can be used in connection
with a transapical procedure to access a native mitral valve. During such a procedure,
the system 3200 can access a mitral valve through the apex of the heart. The anchoring
feature on a ventricular side of the prosthesis 3280, such as the second end 3286, can be
released on a ventricular side of the native mitral valve annulus. During delivery, the
anchoring feature on a ventricular side of the annulus (along with the prosthesis 3280)
can be moved toward the ventricular side of the annulus with the ventricular anchors
extending between at least some of the chordae tendineae to provide tension on the
chordae tendineae. The degree of tension provided on the chordae tendineae can differ.
For example, little to no tension may be present in the chordae tendineae if the leaflet is

shorter than or similar in size to the ventricular anchors. A greater degree of tension may
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be present in the chordae tendineae where the leaflet is longer than the ventricular
anchors and, as such, takes on a compacted form and is pulled toward the native valve
annulus. An even greater degree of tension may be present in the chordae tendineae
where the leaflets are even longer relative to the ventricular anchors. The leaflet can be
sufficiently long such that the ventricular anchors do not contact the annulus. After the
anchoring feature on a ventricular side of the annulus is positioned, the remainder of the
prosthesis can be deployed from the delivery system 3210.

[0481] With reference next to the system 3300 of Figure 47, the system 3300
can include a delivery device 3310 with a prosthesis 3380 contained within the delivery
device 3310. A first end 3382 of the prosthesis 3380 can be placed in a compressed state
such that the first end 3382 of the prosthesis 3380 is retained between an inner retention
member 3320 and another portion of the delivery device, such as an outer retention
member 3322, when the inner retention member 3320 is received within and covered by
the outer retention member 3322. The interface between the locking tabs 3384 and slots
of the inner retention member 3320 can inhibit axial movement of the prosthesis 3380
relative to the inner retention member 3320. When the first end 3282 of the prosthesis
3380 is uncovered, such as by moving the outer retention member 3322 proximally
relative to the inner retention member 3320 or by moving the inner retention member
3320 distally relative to the outer retention member 3322, the first end 3382 of the
prosthesis 3380 can be released from the inner retention member 3322. If the inner
retention member 3320 is fully uncovered, the first end 3382 of the prosthesis 3380 can
be released from the delivery device 3310. This release can be caused by the prosthesis
3380 transitioning from a collapsed configuration to an expanded configuration when the
prosthesis 3380 is formed from a self-expanding material.

[0482] At least a second end 3386 of the prosthesis 3380 can be placed in a
compressed state such that the second end 3386 of the prosthesis 3380 is retained within
an outer sheath assembly 3330. When the second end 3386 is uncovered, such as by
moving the outer sheath assembly 3330 proximally relative to the prosthesis 3380 or by
moving the prosthesis 3380 distally relative to the outer shaft assembly 3330, the second
end 3386 of the prosthesis 3380 can be released. This release can be caused by the
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prosthesis 3380 transitioning from a collapsed configuration to an expanded
configuration when the prosthesis 3380 is formed from a self-expanding material.

[0483] In some embodiments, the system 3300 can be used in connection
with a transseptal procedure to access a native mitral valve. During such a procedure,
the system 3300 can access a mitral valve through a septal puncture. The anchoring
feature on a ventricular side of the prosthesis 3380, such as the second end 3386, can be
released on a ventricular side of the native mitral valve annulus. During delivery, the
anchoring feature on a ventricular side of the annulus (along with the prosthesis 3380)
can be moved toward the ventricular side of the annulus with the ventricular anchors
extending between at least some of the chordae tendineae to provide tension on the
chordae tendineae. The degree of tension provided on the chordae tendineae can differ.
For example, little to no tension may be present in the chordae tendineae if the leaflet is
shorter than or similar in size to the ventricular anchors. A greater degree of tension may
be present in the chordae tendineae where the leaflet is longer than the ventricular
anchors and, as such, takes on a compacted form and is pulled toward the native valve
annulus. An even greater degree of tension may be present in the chordae tendineae
where the leaflets are even longer relative to the ventricular anchors. The leaflet can be
sufficiently long such that the ventricular anchors do not contact the annulus. After the
anchoring feature on a ventricular side of the annulus is positioned, the remainder of the

prosthesis can be deployed from the delivery device 3310.

Other Embodiments

[0484] While certain embodiments have been described, these embodiments
have been presented by way of example only, and are not intended to limit the scope of
the disclosure. Indeed, the novel methods and systems described herein may be
embodied in a variety of other forms. Furthermore, various omissions, substitutions and
changes in the systems and methods described herein may be made without departing
from the spirit of the disclosure. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope of the
disclosure. Accordingly, the scope of the present disclosure is defined only by reference

to the claims presented herein or as presented in the future.
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[0485] Features, materials, characteristics, or groups described in conjunction
with a particular aspect, embodiment, or example are to be understood to be applicable to
any other aspect, embodiment or example described in this section or elsewhere in this
specification unless incompatible therewith. All of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), and/or all of
the steps of any method or process so disclosed, may be combined in any combination,
except combinations where at least some of such features and/or steps are mutually
exclusive. The protection is not restricted to the details of any foregoing embodiments.
The protection extends to any novel one, or any novel combination, of the features
disclosed in this specification (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination, of the steps of any method or
process so disclosed.

[0486] Furthermore, certain features that are described in this disclosure in
the context of separate implementations can also be implemented in combination in a
single implementation. Conversely, various features that are described in the context of a
single implementation can also be implemented in multiple implementations separately
or in any suitable subcombination. Moreover, although features may be described above
as acting in certain combinations, one or more features from a claimed combination can,
in some cases, be excised from the combination, and the combination may be claimed as
a subcombination or variation of a subcombination.

[0487] For purposes of this disclosure, certain aspects, advantages, and novel
features are described herein. Not necessarily all such advantages may be achieved in
accordance with any particular embodiment. Thus, for example, those skilled in the art
will recognize that the disclosure may be embodied or carried out in a manner that
achieves one advantage or a group of advantages as taught herein without necessarily
achieving other advantages as may be taught or suggested herein.

[0488] Conditional language, such as “can,” “could,” “might,” or “may,”
unless specifically stated otherwise, or otherwise understood within the context as used,
is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements, and/or steps. Thus, such

conditional language is not generally intended to imply that features, elements, and/or
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steps are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without user input or
prompting, whether these features, elements, and/or steps are included or are to be
performed in any particular embodiment.

[0489] Conjunctive language such as the phrase “at least one of X, Y, and Z.”
unless specifically stated otherwise, is otherwise understood with the context as used in
general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such
conjunctive language is not generally intended to imply that certain embodiments require
the presence of at least one of X, at least one of Y, and at least one of Z.

[0490] Language of degree used herein, such as the terms “approximately,”

5 ¢

“about,” “generally,” and “substantially” as used herein represent a value, amount, or
characteristic close to the stated value, amount, or characteristic that still performs a
desired function or achieves a desired result. For example, the terms “approximately”,
“about”, “generally,” and “substantially” may refer to an amount that is within less than
10% of, within less than 5% of, within less than 1% of, within less than 0.1% of, and
within less than 0.01% of the stated amount. As another example, in certain
embodiments, the terms “generally parallel” and “substantially parallel” refer to a value,
amount, or characteristic that departs from exactly parallel by less than or equal to 15
degrees, 10 degrees, 5 degrees, 3 degrees, 1 degree, or 0.1 degree.

[0491] The scope of the present disclosure is not intended to be limited by the
specific disclosures of preferred embodiments in this section or elsewhere in this
specification, and may be defined by claims as presented in this section or elsewhere in
this specification or as presented in the future. The language of the claims is to be
interpreted broadly based on the language employed in the claims and not limited to the
examples described in the present specification or during the prosecution of the

application, which examples are to be construed as non-exclusive.
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WHAT IS CLAIMED IS:

1. A replacement heart valve prosthesis, the prosthesis comprising:

an expandable frame comprising a proximal end and a distal end and a
longitudinal axis extending therethrough, the frame configured to radially expand
and contract for deployment within a native heart valve; and

a valve body positioned within an interior of the expandable frame,
wherein the valve body comprises:

a plurality of leaflets each having an arcuate proximal edge and a
free distal edge, the plurality of leaflets being joined at commissures, the
plurality of leaflets configured to allow flow in a proximal-to-distal
direction and prevent flow in a distal-to-proximal direction; and

one or more intermediate components connecting the leaflets to
the expandable frame, wherein at least a portion of the arcuate proximal
edge of each leaflet and/or the commissures are indirectly coupled to the
expandable frame via the one or more intermediate components such that
when the frame is in an expanded configuration, the one or more
intermediate components position at least a portion of the arcuate
proximal edge of each leaflet and/or the commissures radially inward
from an inner surface of the frame.

2. The prosthesis of Claim 1, wherein at least a portion of the arcuate
proximal edge of each leaflet is directly coupled to the expandable frame.

3. The prosthesis of any one of Claims 1 or 2, wherein the one or more
intermediate components is formed from a material having a stiffness greater than that of
the plurality of leaflets and less than that of the expandable frame.

4, The prosthesis according to any one of Claims 1-3, wherein the one or
more intermediate components is formed from a sheet of material.

5. The prosthesis of Claim 4, wherein the one or more intermediate
components is formed from a sheet of at least one of fabric, polyurethane, and
polyethylene terephthalate (PET).

6. The prosthesis according to any one of Claims 1-5, wherein the one or

more intermediate components comprises a first intermediate component and a second
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intermediate component, wherein the first intermediate component is tensioned in a first
direction and the second intermediate component is tensioned in a second direction when
the expandable frame is in an expanded configuration.

7. The prosthesis of Claim 6, wherein the first direction is oriented generally
radially outwardly.

8. The prosthesis of Claim 7, wherein the second direction is oriented
generally axially.

9. The prosthesis of Claim 7, wherein the second direction is oriented
generally in a circumferential direction.

10.  The prosthesis according to any one of Claims 6-9, wherein the one or
more intermediate components comprises a third intermediate component, wherein the
first intermediate component, the second intermediate component, and the third
intermediate component form a pocket at or proximate a commissure of the valve body.

11.  The prosthesis according to any one of Claims 1-10, wherein the one or
more intermediate components comprises a cylindrical conduit.

12. The prosthesis according to any one of Claims 1-11, wherein at least one
of the one or more intermediate components extends in a radial direction between the
expandable frame and the plurality of leaflets.

13. The prosthesis according to any one of Claims 1-12, wherein at least one
of the one or more intermediate components extends tangentially to the plurality of
leaflets.

14. The prosthesis according to any one of Claims 1-13, wherein at least one
of the one or more intermediate components extends in a direction generally aligned with
the longitudinal axis of the frame.

15.  The prosthesis according to any one of Claims 1-14, wherein at least one
of the one or more intermediate components extends in circumferential direction.

16.  The prosthesis according to any one of Claims 1-15, wherein the
expandable frame comprises a proximal region, an intermediate region, and a distal
region, the intermediate region having a diameter greater than at least one of a diameter

of the proximal region and a diameter of the distal region.
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17.  The prosthesis according to any one of Claims 1-16, wherein the
prosthesis comprises an annular skirt extending around the exterior of the expandable
frame.

18.  The prosthesis of Claim 17, wherein a proximal end of the annular skirt is
attached to a proximal region of the expandable frame and a distal end of the annular
skirt is attached to a distal region of the expandable frame.

19. A replacement heart valve prosthesis, the prosthesis comprising:

an expandable frame configured to radially expand and contract for

deployment within a native heart valve, the expandable frame comprising a

proximal end and a distal end and a longitudinal axis extending therethrough, the

frame comprising a supplemental prosthesis retention structure; and

a valve body positioned within an interior of the expandable frame,
wherein the valve body comprises a plurality of leaflets configured to allow flow
in a first direction and prevent flow in a second opposite direction.

20. The prosthesis of Claim 19, wherein the supplemental prosthesis retention
structure comprises an interfacing structure, the interfacing structure comprising a
plurality of V-shaped apices extending radially inward towards the longitudinal axis, the
plurality of V-shaped apices configured to couple with a frame of a supplemental
prosthesis.

21. The prosthesis of Claim 19, wherein the supplemental prosthesis retention
structure comprises an interfacing structure, the interfacing structure comprising a
plurality of protrusions extending radially inwardly from distal portions of cells of the
expandable frame.

22. The prosthesis of Claim 19, wherein the supplemental prosthesis retention
structure comprises an internal expandable cage configured to receive a supplemental
prosthesis.

23. The prosthesis of Claim 22, wherein the internal expandable cage
comprises a plurality of circumferentially-expansible struts.

24, A replacement heart valve prosthesis, the prosthesis comprising:

an expandable frame configured to radially expand and contract for

deployment within a native heart valve, the expandable frame comprising;
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a frame body comprising a proximal region, a distal region, an

intermediate region extending between the proximal and distal regions,

and a longitudinal axis extending between proximal and distal ends of the

frame body, the frame body comprising a plurality of struts forming one

or more rows of cells, wherein, in an expanded configuration:

the proximal region comprises a first bend adjacent the
intermediate region, wherein a proximally extending portion of the
first bend is inclined or curved towards the longitudinal axis;

the distal region comprises a second bend adjacent the
intermediate region, wherein a distally extending portion of the
second bend is inclined or curved towards the longitudinal axis;

the intermediate region has a generally cylindrical shape;

a diameter of the intermediate region is greater than a
diameter of the proximal region and a diameter of the distal
region; and

a height of the intermediate region is greater than a height
of the proximal region and a height of the distal region;

a proximal anchoring feature attached to the frame body, the

proximal anchoring feature sized to be positioned on a first side of an

annulus of the native heart valve;

a distal anchoring feature attached to the frame body, the distal

anchoring feature sized to be positioned on a second side of an annulus of

the native heart valve; and

a valve body positioned within an interior of the expandable frame, the

valve body comprising a plurality of leaflets configured to allow flow in a first

direction and prevent flow in a second opposite direction.

25.  The prosthesis of Claim 24, wherein, when the expandable frame is in an

expanded configuration, the height of the distal region is greater than the height of the

proximal region.
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26.  The prosthesis of any one of Claims 24 or 25, wherein, when the
expandable frame is in an expanded configuration, a ratio of a largest diameter of the
frame body to the height of the frame body is between about 3:1 to about 1:1.

27.  The prosthesis of Claim 26, wherein, when the expandable frame is in an
expanded configuration, a ratio of a largest diameter of the frame body to the height of
the frame body is between about 2:1 to about 3:2.

28.  The prosthesis according to any one of Claims 24-27, wherein, when the
expandable frame is in an expanded configuration, a ratio of the height of the
intermediate region to the combined heights of the proximal region and the distal region
is between about 2:1 to about 1:2.

29.  The prosthesis of Claim 28, wherein, when the expandable frame is in an
expanded configuration, a ratio of the height of the intermediate region to the combined
heights of the proximal region and the distal region is between about 3:2 to about 1:1.

30.  The prosthesis according to any one of Claims 24-29, wherein, when the
expandable frame is in an expanded configuration, a ratio of a largest diameter of the
frame body to a smallest diameter of the frame body is between about 2:1 to about 4:3.

31.  The prosthesis according to any one of Claims 24-30, wherein, when the
expandable frame is in an expanded configuration, the first bend orients a portion of the
proximal region, positioned proximally of the beginning of the first bend, such that the
portion forms an angle of between about 30 degrees to about 60 degrees with a plane
orthogonal to the longitudinal axis.

32.  The prosthesis of Claim 31, wherein, when the expandable frame is in an
expanded configuration, the first bend orients a portion of the proximal region,
positioned proximally of the beginning of the first bend, such that the portion forms an
angle of between about 40 degrees to about 50 degrees with a plane orthogonal to the
longitudinal axis.

33.  The prosthesis according to any one of Claims 24-32, wherein, when the
expandable frame is in an expanded configuration, the second bend orients a portion of
the distal region, positioned distally of the beginning of the second bend, such that the
portion forms an angle of between about 30 degrees to about 60 degrees with a plane

orthogonal to the longitudinal axis.
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34.  The prosthesis of Claim 33, wherein, when the expandable frame is in an
expanded configuration, the second bend orients a portion of the distal region, positioned
distally of the beginning of the second bend, such that the portion forms an angle of
between about 40 degrees to about 50 degrees with a plane orthogonal to the longitudinal
axis.

35.  The prosthesis according to any one of Claims 24-34, wherein the
proximal anchoring feature is attached to the proximal region of the frame body.

36.  The prosthesis according to any one of Claims 24-35, wherein the
proximal anchoring feature comprises a plurality of anchors.

37.  The prosthesis of Claim 36, wherein at least one of the anchors comprise
one or more eyelets.

38.  The prosthesis of Claim 37, wherein at least one of the anchors comprise
two or more eyelets.

39.  The prosthesis according to any one of Claims 24-38, wherein the distal
anchoring feature is attached to the distal region of the frame body.

40.  The prosthesis according to any one of Claims 24-39, wherein the distal
anchoring feature comprises a plurality of distal anchors.

41. The prosthesis of Claim 40, wherein, when the expandable frame is in an
expanded configuration, at least one of the distal anchors comprises ends extending
radially outwardly away from the longitudinal axis.

42. The prosthesis of Claim 41, wherein, when the expandable frame is in an
expanded configuration, at least one of the distal anchors comprises ends extending
radially outwardly away from the longitudinal axis in a direction generally perpendicular
to the longitudinal axis.

43.  The prosthesis of Claim 41, wherein, when the expandable frame is in an
expanded configuration, all of the distal anchors comprise ends extending radially
outwardly away from the longitudinal axis.

44. The prosthesis of Claim 40, wherein, when the expandable frame is in an
expanded configuration, at least one of the distal anchors comprises ends extending

radially inwardly towards the longitudinal axis.

Date Regue/Date Received 2020-04-17



- 146 -

45.  The prosthesis of Claim 44, wherein, when the expandable frame is in an
expanded configuration, at least one of the distal anchors comprises ends extending
radially inwardly towards the longitudinal axis in a direction generally perpendicular to
the longitudinal axis.

46.  The prosthesis of Claim 44, wherein, when the expandable frame is in an
expanded configuration, all of the distal anchors comprise ends extending radially
inwardly towards the longitudinal axis.

47. The prosthesis according to any one of Claims 24-46, wherein the
expandable frame further comprises a plurality of locking tabs.

48. The prosthesis of Claim 47, wherein the locking tabs comprise a bend in a
direction opposite the first bend.

49, The prosthesis according to any one of Claims 24-48, wherein the valve
body further comprises one or more intermediate components and wherein at least a
portion of each leaflet is indirectly coupled to the expandable frame via the one or more
intermediate components such that at least a portion of each leaflet is positioned radially
inward from an inner surface of the frame body.

50.  The prosthesis of Claim 49, wherein commissures of the valve body are
indirectly coupled to the expandable frame via the one or more intermediate components
such that the commissures are positioned radially inward from the inner surface of the
frame body.

51. The prosthesis of one of Claims 49 or 50, wherein at least a portion of an
arcuate proximal edge of each leaflet is indirectly coupled to the frame via the one or
more intermediate components such that the arcuate proximal edge is positioned radially
inward from the inner surface of the frame body.

52.  The prosthesis according to any one of Claims 49-51, wherein at least a
portion of an arcuate proximal edge of each leaflet is directly coupled to the expandable
frame.

53.  The prosthesis of according to any one of Claims 49-52, wherein the one
or more intermediate components is formed from a material having a stiffness greater

than that of the plurality of leaflets and less than that of the expandable frame.
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54.  The prosthesis of according to any one of Claims 49-53, wherein the one
or more intermediate components comprises a first intermediate component and a second
intermediate component, wherein the first intermediate component is tensioned in a first
direction and the second intermediate component is tensioned in a second direction when
the expandable frame is in an expanded configuration.

55. The prosthesis of Claim 54, wherein the first direction is oriented
generally radially outward.

56.  The prosthesis of Claim 55, wherein the second direction is oriented
generally axially.

57.  The prosthesis of Claim 55, wherein the second direction is oriented
generally in a circumferential direction.

58.  The prosthesis according to any one of Claims 54-57, wherein the one or
more intermediate components comprises a third intermediate component, wherein the
first intermediate component, the second intermediate component, and the third
intermediate component form a pocket at or proximate a commissure of the valve body.

59.  The prosthesis according to any one of Claims 49-58, wherein the one or
more intermediate components comprises a cylindrical conduit.

60. The prosthesis according to any one of Claims 49-59, wherein at least one
of the one or more intermediate components extends in a radial direction between the
expandable frame and the plurality of leaflets.

61. The prosthesis according to any one of Claims 49-60, wherein at least one
of the one or more intermediate components extends tangentially to the plurality of
leaflets.

62. The prosthesis according to any one of Claims 44-61, wherein at least one
of the one or more intermediate components extends in a direction generally aligned with
the longitudinal axis of the frame.

63.  The prosthesis according to any one of Claims 44-62, wherein at least one
of the one or more intermediate components extends in circumferential direction.

64.  The prosthesis according to any one of Claims 24-63, wherein the
prosthesis comprises an annular flap extending around the exterior of the expandable

frame.
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65.  The prosthesis of Claim 64, wherein a proximal end of the annular skirt is
attached to the proximal region of the frame body and a distal end of the annular skirt is
attached to the distal region of the frame body.

66. A replacement heart valve prosthesis, the prosthesis comprising:

an expandable frame comprising a proximal end and a distal end and a
longitudinal axis extending therethrough, the frame configured to radially expand
and contract for deployment within a native heart valve;

a valve body positioned within an interior of the expandable frame,
wherein the valve body comprises a plurality of leaflets configured to allow flow
in a first direction and prevent flow in a second opposite direction; and

an annular skirt extending around the exterior of the expandable frame;

wherein the valve body comprises one or more intermediate components.

67.  The prosthesis of Claim 66, wherein at least one of the valve body and the
annular skirt comprises one or more openings configured to allow at least one of:

flud igress into a space between the valve leaflets and the annular skirt;

and

fluid egress out of the space between the valve leaflets and the annular
skirt.
68. The prosthesis of Claim 67, wherein the one or more openings are

configured to allow fluid ingress into the space between the valve leaflets and the annular
skirt when fluid flow is in the first direction.

69.  The prosthesis of any one of Claims 67 or 68, wherein the one or more
openings are configured to allow fluid egress out of the space between the valve leaflets
and the annular skirt when fluid flow is in the second direction.

70.  The prosthesis according to any one of Claims 67-69, wherein at least one
of the one or more openings is positioned within an area of the annular skirt between a
first edge of a valve leaflet and the annular skirt.

71.  The prosthesis according to any one of Claims 66-68, wherein the
prosthesis comprises one or more conduits extending into the one or more openings.

72. The prosthesis of Claim 71, wherein the expandable frame comprises an

anchoring member sized and shaped to be positioned on an inflow side of a native valve
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annulus and wherein the one or more conduits is configured to extend proximal of the
anchoring member.

73. The prosthesis of Claim 72, wherein the anchoring member is positioned
along a proximal portion of the expandable frame.

74.  The prosthesis of any one of Claims 72 or 73, wherein the inflow side of
the native valve annulus is an atrial side of the native mitral valve annulus.

75.  The prosthesis according to any one of Claims 66-74, wherein, when the
annular skirt is in an expanded configuration, the annular skirt comprises a supplemental
rib extending from a portion of the annular skirt.

76.  The prosthesis according to any one of Claims 66-75, wherein, when the
annular skirt is in an expanded configuration, a proximal portion of the annular skirt
bulges radially outward relative to the distal portion of the annular skirt.

77.  The prosthesis according to any one of Claims 66-75, wherein, when the
annular skirt is in an expanded configuration, a distal portion of the annular skirt bulges
radially outward relative to the proximal portion of the annular skirt.

78.  The prosthesis according to any one of Claims 66-77, wherein, when the
annular skirt is in an expanded configuration, the annular skirt extends around the entire
circumferential periphery of the frame to a generally equivalent radial dimension.

79.  The prosthesis according to any one of Claims 66-77, wherein the annular
skirt extends to different radial dimensions with a first peripheral region extending to a
first radial dimension and a second peripheral region extending to a second radial
dimension greater than the first radial dimension.

80.  The prosthesis according to any one of Claims 66-79, wherein the
prosthesis comprises one or more biasing members configured to bias the skirt into an
expanded configuration.

81.  The prosthesis of Claim 80, wherein the one or more biasing members
comprise a radial spring.

82.  The prosthesis of any one of Claims 80 or 81, wherein the one or more

biasing members comprise a cantilever.

Date Regue/Date Received 2020-04-17



- 150 -

83.  The prosthesis according to any one of Claims 66-82, wherein the annular
skirt is configured to transition into an expanded configuration via blood flow into the
annular skirt.

84. The prosthesis of Claim 83, wherein the prosthesis comprises a one-way
valve configured to allow blood flow into the annular skirt and inhibit blood flow out of
the annular skirt.

85. The prosthesis of Claim 84, wherein the one-way valve is positioned on a
valve skirt, the valve skirt being positioned between the plurality of leaflets and the
annular skirt.

86. The prosthesis of Claim 85, wherein the one-way valve comprises a flap
positioned on an exterior of the valve skirt.

87.  The prosthesis according to any one of Claims 84-86, wherein the one-
way valve comprises a duckbill valve.

88.  The prosthesis according to any one of Claims 84-87, wherein the one-
way valve i1s configured to allow blood flow into the annular skirt during systole and
inhibit blood flow out of the annular skirt during diastole.

89.  The prosthesis according to any one of claims 1-88, wherein the
prosthesis is a replacement mitral valve prosthesis, the expandable frame being
configured for deployment within a native mitral valve.

90.  The prosthesis according to any one of claims 1-89, wherein the
prosthesis comprises six distal anchors.

91.  The prosthesis according to any of Claims 1-89, wherein the prosthesis
comprises twelve distal anchors.

92. A replacement heart valve prosthesis for deployment at a native heart
valve, the prosthesis comprising:

an expandable frame configured to radially expand and contract for
deployment within a native heart valve, the expandable frame comprising;

a frame body comprising a proximal region, a distal region, and an

intermediate region extending between the proximal and distal regions,

the frame body comprising a first row of struts and a second row of struts;
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a supplemental frame comprising a first row of struts configured
to be generally aligned along the first row of struts of the frame body, the
first row of struts of the supplemental frame having a shape which
generally matches the shape of the first row of struts of the frame body;
and

a distal anchoring feature, the distal anchoring feature sized to be
positioned on a first side of an annulus of the native heart valve; and
a valve body positioned within an interior of the expandable frame, the

valve body comprising a plurality of leaflets configured to allow flow in a first

direction and prevent flow in a second opposite direction;

wherein the supplemental frame is formed separately from the frame
body; and wherein the first row of struts of the supplemental frame is configured
to be attached to at least a portion of the first row of struts of the frame body.

93.  The prosthesis of Claim 92, wherein the first row of struts of the
supplemental frame is attached to the first row of struts of the frame body via sutures.

94.  The prosthesis according to any one of Claims 92-93, wherein the first
row of struts of the supplemental frame and the first row of struts of the frame body have
an undulating shape.

95.  The prosthesis according to any one of Claims 92-94, wherein the first
row of struts of the supplemental frame is configured to be positioned radially inwardly
of the first row of struts of the frame body.

96.  The prosthesis according to any one of Claims 92-94, wherein the first
row of struts of the supplemental frame is configured to be positioned radially outwardly
of the first row of struts of the frame body.

97.  The prosthesis according to any one of Claims 92-96, wherein the distal
anchoring feature extends from the frame body.

98.  The prosthesis of Claim 97, wherein the distal anchoring feature extends
distally from the frame body.

99.  The prosthesis according to any one of Claims 92-98, wherein the distal

anchoring feature extends from the supplemental frame.
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100. The prosthesis according to any one of Claims 92-99, wherein the
supplemental frame comprises a second row of struts, the first and second rows of struts
of the supplemental frame forming cells.

101.  The prosthesis of Claim 100, wherein the second row of struts of the
supplemental frame has an undulating shape.

102.  The prosthesis of any one of Claims 100 or 101, wherein the second row
of struts of the supplemental frame is configured to extend distally of the frame body.

103.  The prosthesis according to any one of Claims 92-102, wherein the
expandable frame comprises a proximal anchoring feature, the proximal anchoring
feature sized to be positioned on a second side of the annulus of the native heart valve.

104. The prosthesis of Claim 103, wherein the proximal anchoring feature
comprises a first row of struts configured to be generally aligned along the second row of
struts of the frame body, the first row of struts of the proximal anchoring feature having a
shape which generally matches the shape of the second row of struts of the frame body.

105.  The prosthesis of any one of Claims 103 or 104, wherein the proximal
anchoring feature is formed separately from the frame body.

106. The prosthesis of Claim 105, wherein the first row of struts of the
proximal anchoring feature is configured to be attached to at least a portion of the second
row of struts of the frame body.

107.  The prosthesis of Claim 106, wherein the first row of struts of the
proximal anchoring feature is attached to the second row of struts of the frame body via
sutures.

108.  The prosthesis according to any one of Claims 104-107, wherein the first
row of struts of the proximal anchoring feature and the second row struts of cells of the
frame body have an undulating shape.

109.  The prosthesis according to any one of Claims 104-108, wherein the first
row of struts of the proximal anchoring feature is configured to be positioned radially
outwardly of the second row of struts of the frame body.

110.  The prosthesis according to any one of Claims 104-108, wherein the first
row of struts of the proximal anchoring feature is configured to be positioned radially

inwardly of the second row of struts of the frame body.
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111.  The prosthesis according to any one of Claims 104-110, wherein the
proximal anchoring feature comprises a second row of struts, the first and second rows of
struts of the proximal anchoring feature forming cells.

112.  The prosthesis of Claim 111, wherein the second row of struts of the
proximal anchoring feature has an undulating shape.

113.  The prosthesis of any one of Claims 111 or 112, wherein the second row
of struts of the proximal anchoring feature is configured to be generally aligned along a
third row of struts of the frame body, the second row of struts of the proximal anchoring
feature having a shape which generally matches the shape of the third row of struts of the
frame body.

114. The prosthesis according to any one of Claims 103-113, further
comprising a plurality of locking tabs.

115.  The prosthesis of Claim 114, wherein at least some of the locking tabs
extend from the frame body.

116.  The prosthesis of any one of Claims 114 or 115, wherein at least some of
the locking tabs extend from the proximal anchoring feature.

117.  The prosthesis of Claim 114, wherein at least some of the locking tabs
extend from the frame body and at least some of the locking tabs extend from the
proximal anchoring feature, wherein the locking tabs of the proximal anchoring feature
are configured to be generally aligned along the locking tabs of the frame body, the
locking tabs of the proximal anchoring feature having a shape which generally matches
the shape of the locking tabs of the frame body.

118.  The prosthesis according to any one of Claims 92-117, wherein the distal
anchoring feature comprises a plurality of distal anchors, at least one of the distal
anchors comprising two or more prongs.

119.  The prosthesis of Claim 118, wherein the two or more prongs are movable
in a lateral direction relative to each other.

120. The prosthesis of any one of Claims 118 or 119, wherein a lateral
dimension of the distal anchor comprising two or more prongs increases when the

expandable frame transitions to an expanded configuration.
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121.  The prosthesis according to any one of Claims 118-120, wherein the two
or more prongs are movable in a radial direction relative to each other.

122.  The prosthesis according to any one of Claims 118-121, wherein a radial
offset of the two or more prongs increases when the expandable frame transitions to an
expanded configuration.

123.  The prosthesis according to any one of Claims 92-122, wherein the distal
anchoring feature comprises one or more anchors configured to be movable in an axial
direction relative to the frame body.

124.  The prosthesis according to any one of Claims 92-123, wherein the distal
anchoring feature comprises one or more anchors having an insert.

125.  The prosthesis of Claim 124, wherein the insert is configured to extend
radially outwardly relative to the frame body when the expandable frame is in an
expanded configuration.

126. The prosthesis of any one of Claims 124 or 125, wherein the insert
comprises a platform, the platform configured to extend radially and laterally outwardly
relative to the distal anchor when the expandable frame is in an expanded configuration.

127.  The prosthesis according to any one of Claims 92-126, wherein at least
one of the distal anchors comprises a strut which bifurcates into two or more struts
proximate a base of the distal anchor.

128.  The prosthesis according to any one of Claims 92-127, wherein the valve
body comprises one or more intermediate components connecting the leaflets to the
expandable frame.

129.  The prosthesis of Claim 128, wherein:

the plurality of leaflets each have an arcuate proximal edge and a free
distal edge, the plurality of leaflets being joined at commissures, the plurality of
leaflets configured to allow flow in a proximal-to-distal direction and prevent
flow in a distal-to-proximal direction; and

the one or more intermediate components connect the leaflets to the
expandable frame, wherein at least a portion of the arcuate proximal edge of each
leaflet and/or the commissures are indirectly coupled to the expandable frame via

the one or more intermediate components such that when the frame is in an
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expanded configuration, the one or more intermediate components position at

least a portion of the arcuate proximal edge of each leaflet and/or the

commissures radially inward from an inner surface of the expandable frame.

130.  The prosthesis of any one of Claims 128 or 129, wherein the one or more
intermediate components form a generally tangent surface with the expandable frame
when the valve body is closed to prevent flow in the second direction.

131.  The prosthesis of any one of Claims 128 or 129, wherein the one or more
intermediate components form an angle between about 120° to about 195° with the
expandable frame when the valve body is closed to prevent flow in the second direction.

132.  The prosthesis of Claim 131, wherein the one or more intermediate
components form an angle between about 140° to about 190° with the expandable frame
when the valve body is closed to prevent flow in the second direction.

133.  The prosthesis of Claim 132, wherein the one or more intermediate
components form an angle between about 160° to about 185° with the expandable frame
when the valve body is closed to prevent flow in the second direction.

134.  The prosthesis of Claim 133, wherein the one or more intermediate
components form an angle of about 180° with the expandable frame when the valve body
is closed to prevent flow in the second direction.

135.  The prosthesis according to any one of Claims 92-134, wherein the
prosthesis comprises an annular skirt, the annular skirt being at least partially formed
from a material configured to allow blood to flow therethrough and wherein the material
is a partially porous cloth.

136.  The prosthesis of Claim 135, wherein the material comprises one or more
holes formed therethrough.

137.  The prosthesis according to any one of Claims 135 or 136, wherein the
material is configured such that, after deployment at the native heart valve, a rate of
blood flow through the material decreases.

138.  The prosthesis according to Claim 137, wherein the skirt comprises a

hydrogel configured to reduce the rate of blood flow through the material.
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