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HEART VALVE REPLACEMENT

TECHNICAL FIELD
The following disclosure relates to replacement heart valves and, more

particularly, to replacement heart valves including leaflets.

BACKGROUND

Heart valve surgery can be used to repair or replace diseased heart valves. For
example, heart valve replacement may be indicated when there is a narrowing of the
native heart valve, commonly referred to as stenosis, or when the native valve leaks or
regurgitates. Surgery to repair or replace diseased heart valves can be an open-heart
procedure, conducted under general anesthesia, in which an incision is made through the
patient's sternum (sternotomy), and the patient's heart is stopped while blood flow is
rerouted through a heart-lung bypass machine.

Post-surgery, patients temporarily may be confused due to emboli and other
factors associated with the heart-lung machine. The first 2-3 days following surgery are
spent in an intensive care unit where heart functions can be closely monitored. The
average hospital stay is between 1 to 2 weeks, with several more weeks to months
required for complete recovery. Given its highly invasive nature, this type of surgery is

often unavailable as a treatment option for patients with compromised ability to recover.

SUMMARY

A prosthetic heart valve replaces the function of a native heart valve such that the
prosthetic valve regulates the flow of blood through the heart.

In one aspect, a prosthetic heart valve includes a stent and a plurality of leaflets.
The stent has an outer cross-sectional area, and the stent is radially expandable to an
expanded, unstressed state. Each leaflet includes a coaptation portion movable relative to
respective coaptation portions of the other leaflets, an arcuate edge having a first end and
a second end, the arcuate edge coupled to the stent, and a belly. The belly extends from

the arcuate edge to an axis defined by the first and second ends of the arcuate edge. The
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ratio of the surface area of the belly to the outer cross-sectional area of the stent in the
expanded, unstressed state is about 0.09 to about 0.16.

In some embodiments, the stent in the expanded, unstressed state has an outer
diameter of about 20 mm to about 30 mm.

In certain embodiments, the arcuate edge has a radius of about 20 mm to about 50
mm and an included angle of about 35 degrees to about 70 degrees.

In some embodiments, a maximum distance between the arcuate edge and the axis
defined by the first and second ends of the arcuate edge is about 2 mm to about 4 mm.

In certain embodiments, the arcuate edges of the respective leaflets are coupled to
the stent in a plane. For example, the plane can be defined by an end of the stent.

In some embodiments, the total arc lengths of the arcuate edges of the plurality of
leaflets, as coupled to the stent, is about equal to an inner circumference of the expanded
stent.

In certain embodiments, each leaflet is substantially symmetrical about an axis of
the leaflet extending in a direction from the coaptation portion to the arcuate edge.

In some embodiments, the arcuate edge is opposite the coaptation portion. Each
of the plurality of leaflets can further include first and second side portions extending
from respective first and second ends of the arcuate edge toward the coaptation portion.
Additionally or alternatively, the first and second side portions of each leaflet can be
nonparallel to each other. For example, for each leaflet, the maximum width of the
coaptation portion can be less than the maximum width of the arcuate edge.

In some embodiments, at least one side portion of each leaflet is sutured to at least
one side portion of each of the other leaflets.

In certain embodiments, the included angle between each side portion and a
tangent to a respective end of the arcuate edge is greater than about 90 degrees.

In some embodiments, each of the plurality of leaflets has a thickness of between
about 0.010 inches to about 0.015 inches.

In certain embodiments, each of the plurality of leaflets is biological tissue. For
example, the biological material is one or more of the following: bovine pericardium,

equine pericardium, and porcine pericardium.
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In some embodiments, the arcuate edges of the respective plurality of leaflets are
sutured to the stent.

In certain embodiments, the stent defines a volume extending therethrough and
cach leaflet is disposed within the volume defined by the stent. For example, the arcuate
edges of the respective plurality of leaflets can be coupled to an end portion of the stent.

In some embodiments, the leaflets are movable between an open position
permitting flow past the stent in the expanded, unstressed state and a closed position
substantially restricting flow past the stent in the expanded, unstressed state.

Embodiments can include one or more of the following advantages.

In some embodiments, the ratio of the surface area of the belly to the outer cross-
sectional area of the expanded stent is about 0.09 to about 0.16. This range of ratios can
facilitate sheathing the replacement valve with a sheathing force below about 30 1bs (e.g.,
below about 20 Ibs, below about 10 1bs) just prior to intraluminal delivery to the body
passageway of the patient while also allowing the replacement valve to regulate properly
the flow of blood at the implantation site in the body passageway.

In certain embodiments, the arcuate edge that defines at least a portion of the
belly of each leaflet is sutured to the expandable stent. This can allow the leaflet
assembly to expand as the stent expands at the implantation site. Additionally or
alternatively, suturing the arcuate edge of the leaflet to the expandable stent can reduce
pressure gradients that could otherwise deteriorate the physical integrity of the leaflet
over time.

In some embodiments, the arcuate edges of the respective leaflets are coupled to
the stent in a plane (e.g., a plane defined by an end of the stent). This can facilitate
reliable alignment of the leaflet assembly with respect to the expandable stent and, thus,
reduce the likelihood that the leaflet assembly will come into contact with the expandable
stent during normal opening and closing of the replacement valve.

In certain embodiments, the included angle between each side portion and the
tangent to a respective end of the arcuate edge is greater than about 90 degrees. This can
reduce the likelihood of delamination of the leaflet during preparation of the leaflet
assembly and/or during use. In embodiments in which the leaflets are die cut from a flat

sheet of biological material, angles greater than about 90 degrees additionally or
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alternatively reduce the likelihood that the die will warp over time to produce leaflets
having variable sizes.
Other features, objects, and advantages will be apparent from the description and

drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a partial cut-away view of a replacement valve in an unexpanded
delivery configuration within a delivery system.

FIG. 2 is an isometric view of the replacement valve of FIG. 1 in an expanded
state.

FIG. 3 is a top-down, plan view of the replacement valve of FIG. 1.

FIG. 4 is a cross-sectional view of the replacement valve of FIG. 1, taken along
the line A-A of FIG. 3.

FIG. 5 is a top, plan view of a flattened leaflet of the replacement valve of FIG. 1.

FIGS. 6A-6D are schematic representations of the process of sheathing the
replacement valve of FIG. 1.

FIGS. 7A-7C are schematic representations of the deployment of the replacement
valve of FIG. 1 to replace an aortic valve.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

Referring to FIG. 1, a delivery system 1 includes a control handle 2, an external
sheath 4, and a replacement valve 10. In the undeployed configuration shown in FIG. 1, a
distal portion 8 of the external sheath 4 is disposed about the replacement valve 10 in an
unexpanded state such that the replacement valve 10 can be moved through a body
passageway (e.g., a femoral artery) to an implantation site (e.g., an aortic valve) with
minimal invasiveness and/or trauma to the implant recipient. For example, a multi-lumen
catheter 14 can be disposed within the external sheath 4 and, as described in further detail
below, the replacement valve 10 can be advanced through a body passageway, to an

implantation site, by moving the multi-lumen catheter 14 over a guidewire (not shown in
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FIG. 1) extending through the delivery system 1 from the control handle 2 to a nosecone
20 at the distal portion 8 of the external sheath 4.

As also described in further detail below, the control handle 2 can be manipulated
to move the distal portion 8 of the external sheath 4 distally over the replacement valve
10 to compress the replacement valve 10 to the unexpanded state shown in FIG. 1. This
process is often referred to as sheathing and can be done, for example, just prior to
implantation. By reducing the amount of time the replacement valve 10 is in the
unexpanded state, sheathing the replacement valve 10 just prior to implantation (e.g., less
than about 8 hours before implantation) can reduce the amount of overall stress placed on
the replacement valve 10 since the replacement valve 10 can be shipped and stored in an
expanded, unstressed state. Additionally or alternatively, sheathing the replacement valve
just prior to implantation can allow the replacement valve 10 to be stored in a solution
(e.g. a moistening solution) to preserve the mechanical integrity of the biological tissue
that may be part of the replacement valve 10. As another example, sheathing the
replacement valve 10 just prior to implantation can allow the replacement valve 10 to be
inspected prior to implantation.

Once the replacement valve 10 has been sheathed and advanced through a body
passageway to the implantation site, the control handle 2 is manipulated to move the
distal portion 8 of the external sheath 4 proximally to expose the replacement valve 10 at
the implantation site. As described in further detail below, the exposed replacement valve
10 can radially expand from the unexpanded state for intraluminal delivery through a
body passageway to an expanded state for implantation of the replacement valve in the
body passageway. In some embodiments, the replacement valve 10 can be partially
deployed, resheathed (e.g., by advancing the external sheath 4 distally), and then
redeployed. This can improve placement of the replacement valve 10 within the body
passageway. In certain embodiments, the replacement valve 10 is mechanically
expanded from the unexpanded state to at least a portion of the expanded state. For
example, as shown in FIG. 1, actuation elements 12 can extend through the multi-lumen
catheter 14 to engage the replacement valve 10. Continuing with this example, the
replacement valve 10 self-expands upon withdrawal of the distal portion 8 of the external

sheath 4 and the control handle 2 moves actuation elements 12 to further expand the
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replacement valve 10 (e.g, by foreshortening the valve) for engagement with the body
passageway at the implantation site.

Referring now to FIGS. 1-5, the replacement valve 10 includes a leaflet assembly
16 and a stent 18. The leaflet assembly 16 is coupled to the stent 18 such that the leaflet
assembly 16 is disposed within the volume defined by the stent 18. Thus, for example,
the leaflet assembly 16 is disposed within the volume defined by the stent 18 when the
stent 18 is in the unexpanded state and is being moved through the body passageway.
The leaflet assembly 16 is also disposed within the volume defined by the stent 18 when
the stent is in the expanded state at the implantation site.

The stent 18 is substantially tubular and defines a volume extending from a first
end portion 21 to a second end portion 22 and defines an outer diameter of the
replacement valve. The substantially tubular shape of the stent 18 can be defined by 1, 2,
3, or 4 braided wires (e.g., wires each having an outer diameter of about 0.008 inches to
about 0.020 inches). In some embodiments, the stent 18 is nitinol. In certain
embodiments, the stent 18 has a diameter of about 20 mm to about 30 mm in an
expanded, unstressed state. When the stent 18 is in the expanded state in a body
passageway, the expanded stent engages the body passageway to hold the replacement
valve 10 in place.

The leaflet assembly 16 is substantially symmetrically disposed about a center
axis 11 defined by the stent 18 in a fully expanded, unstressed state. This symmetry can
be facilitated by aligning the leaflet assembly 16 with respect to a substantially planar
opening defined by the second end portion 22 of the stent 18.

The leaflet assembly 16 includes three leaflets 30a, 30b, 30c and posts 26a, 26b,
26c¢. Each post 26a, 26b, 26¢ is coupled (e.g., sutured) to an interior surface of the stent
18, substantially evenly spaced about the interior surface of the stent 18. This relative
positioning of the posts 26a, 26b, 26¢ can facilitate symmetric mounting of the leaflets
30a, 30b, 30c relative to the expanded, unstressed stent 18. Each post 26a, 26b, 26¢ is
substantially cylindrical and coupled (e.g., sutured) to an interior surface of the stent 18
such that a longitudinal axis of each post 26a, 26b, 26¢ is substantially parallel to the
center axis 11 of the expanded stent 18. Buckles 28a, 28b, 28¢ are coupled to the stent 18

along the interior surface of the stent 18 and are substantially aligned with respective



10

15

20

25

30

WO 2013/013032 PCT/US2012/047382

posts 26a, 26b, 26¢. Actuation elements 12 can draw the first and second end portions
21, 22 of the stent 18 toward one another to move the posts 26a, 26b, 26¢ toward buckles
28a, 28b, 28c. Additionally or alternatively, the actuation elements 12 can draw the first
and second end portions 21, 22 of the stent 18 toward one another (e.g., to foreshorten the
stent 18) to expand the stent 18 radially into secure engagement with the body
passageway. In some embodiments, the stent 18 is radially expandable from a first size
for intraluminal delivery to a second size and is further radially expandable by moving
the first and second end portions 21, 22 of the stent 18 toward one another.

For the sake of clarity, the geometry and mounting of leaflet 30a is described
below. It should be appreciated, however, that leaflets 30a, 30b, and 30c are substantially
identical, varying only with respect to thickness and flexibility associated with biological
tissue. Thus, the respective geometries and mounting of leaflets 30b and 30c are
analogous to the geometry and mounting of leaflet 30a.

The leaflet 30a has an arcuate edge 37, a coaptation portion 39, and a belly 41,
with the leaflet 30a having a substantially symmetrical geometry about a first axis 49
extending generally in a direction from the arcuate edge 37, through the belly 41, and to
the coaptation portion 39. Side portions 56a and 56b are disposed on either side of the
first axis 49 and each side portion 56a, 56b extends from a respective first and second end
43a, 43b of the arcuate edge 37 toward the coaptation portion 39. Similarly, tabs 54a and
54b are disposed toward the coaptation portion 39 on either side of the first axis 49, with
a free edge 52 extending therebetween. The tabs 54a and 54b extend away from
respective side portions 56a and 56b. The side portions 56a and 56b are non-parallel to
one another (e.g., converging toward the first axis 49) such that a width of the arcuate
edge 37 is greater than the width of the coaptation portion 39. This can reduce the
likelihood that the coaptation portion 39 of the leaflet 30a will come into contact with the
stent 18 as the coaptation portion 39 moves into and out of contact with the respective
coaptation portions of the other leaflets as the replacement valve 10 moves between the
open and closed position.

Tabs 54a and 54b are coupled (e.g., sutured) to posts 26a and 26¢, respectively,
which are disposed toward a first end portion 21 of the stent 18. As described in further
detail below, the arcuate edge 37 is coupled to the second end portion 22 of the stent 18.
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With leaflet 30a mounted to the stent 18 at tabs 54a,b and to the arcuate edge 37, the free
edge 52 of the leaflet 30a can move into and out of coaptation with the respective free
edges of the leaflets 30b,c, which are mounted in an analogous manner. Accordingly, the
mounted leaflets 30a, 30b, 30c are movable between an open position (permitting flow
past the expanded stent 18) when fluid flows from a second end portion 22 to a first end
portion 21 of the expanded stent 18 and a closed position (substantially restricting flow
past the expanded stent 18) when fluid flows from the first end portion 21 to the second
end portion 22 of the expanded stent 18. In the closed position (shown in FIGS. 3 and 4),
the leaflets 30a, 30b, 30c are coaptable with one another to define a coaptation region 24.
At least a portion of the coaptation region 24 is disposed substantially along the center
axis 11 of the stent 18 when the stent 18 is in an expanded, unstressed state.

As described in further detail below, as the replacement valve 10 is sheathed into
the compressed state (shown in FIG. 1), at least a portion of the leaflet assembly 16 folds
upon itself. Thus, in general, the sheathing forces required to compress the replacement
valve 10 can increase as the overall volume of material used in the leaflet assembly 16
increases. For a given leaflet thickness, the surface area of the belly 41 relative to the
cross-sectional area of the stent 18 is selected to achieve sheathing forces within an
acceptable range (e.g., such that the replacement valve 10 can be reliably sheathed by an
operator just before implantation). The physical requirements of the replacement valve
10 can impose limits on the minimal surface area of the belly 41 required to achieve
acceptable sheathing forces while also resulting in proper functioning of the leaflet
assembly 16. As used herein, the surface area of the belly 41 is used to refer to the
surface arca of the belly 41 on a single side of the leaflet 30a and approximates the belly
41 as ideally planar (e.g., does not account for natural variations in the thickness of the
biological tissue that forms the belly 41).

The leaflet 30a has a height H which is the distance from the first end 43a to the
free edge 52, along an axis defined by the side edge 56a. In some embodiments, the
height of the leaflet is about 10 mm to about 20 mm (e.g., about 12 mm to about 16 mm,;
about 14 mm). In some embodiments, the leaflet height H fits within a volume defined
by the stent 18. In certain embodiments, the leaflet height H is such that the overall

leaflet assembly 16 can move between an open position that allows a sufficient amount of
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fluid to flow therethrough and a closed position that substantially prevents the flow of
fluid therethrough (e.g., reducing the likelihood of regurgitation as blood flow reverses
through an implanted replacement valve 10 acting to replace the aortic valve of the
implant recipient). For example, the leaflet height H can be fixed such that the overall
leaflet assembly 16 has a large coaptation region 24 (e.g., about 3 mm to about 6 mm)
that can reduce the likelihood of regurgitation if the replacement valve 10 is implanted at
an implantation site that is non-circular (e.g., on a deposit and/or on fused native leaflets).

The arcuate edge 37 of the leaflet 30a extends along an arc from the first end 43a
to the second end 43b. The first end 43a and the second end 43b of the arcuate edge 37
define an axis 51 such that the distance from the first end 43a to the second end 43b along
the axis 51 is a chord length C. The axis 51 lies substantially between the arcuate edge
37 and the coaptation portion 39, and the belly 41 extends from the arcuate edge 37 to the
axis 51 defined by the first and second ends 43a,b.

As one physical requirement on the size of the belly 41, the total arc length of the
arcuate edge 37 is substantially equal to about one-third of the inner circumference of the
stent 18 in the expanded, unstressed state such that the total arc length of the leaflets 30a,
30b, 30c is substantially equal to the inner circumference of the stent 18 in the expanded,
unstressed state. For example, the arc length of each of the leaflets 30a, 30b, 30c can be
about one-third (e.g., slightly more than one-third to accommodate stitching) of the inner
circumference of the stent in the expanded, unstressed state. Given that the leaflets 30b
and 30c have geometries similar to that of leaflet 30a, this sizing of the respective arcuate
edges 37 of each leaflet 30a,b,c can allow the leaflets 30a,b,c to be coupled to the stent 18
(e.g., by stent sutures 36) to cover the inner circumference of the expanded stent 18 in the
expanded, unstressed state. For example, the respective arcuate edges 37 of leaflets
30a,b,c can be attached to the second end portion 22 of the stent 18 by stent sutures 36.
In some embodiments, the arcuate edges 37 of the leaflets 30a,b,c are secured to the stent
18 to lie substantially along a plane. In certain embodiments, the second end portion 22
of the stent 18 lies in a plane (e.g., when the stent 18 is in the expanded, unstressed state)
and the respective arcuate edges 37 of the leaflets 30a,b,c are disposed along the plane
defined by the second end portion 22. Attachment of the arcuate edges 37 of the leaflets
30a,b,c in a plane defined by the second end portion 22 of the stent 18 can, for example,
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facilitate alignment of the leaflet assembly 16 relative to the stent 18 and, in turn, reduce
the likelihood of uneven wear of the leaflets 30a,b,c that could result from misalignment.

As another physical requirement of the belly 41, the chord length C must be a
length sufficient to allow the respective side edges 56a,b of the leaflets 30a,b,c to come
into contact with one another to be sutured together (e.g., at leaflet sutures 32). The
leaflet 30a is sutured to each of the other leaflets by leaflet sutures 32 extending generally
in a direction from the arcuate edge 37 to the coaptation portion 39 of each leaflet. The
coaptation portion 39 of leaflet 30a is coupled to two posts 26a, 26¢ such that the
coaptation portion 39 of leaflet 30a is movable relative to the respective coaptation
portions 39 of each of the other leaflets as the leaflets 30a, 30b, 30c move from the closed
position to the open position. In some embodiments, leaflet 30a is sized relative to the
expanded dimension of the stent 18 such that the belly portion 41 of the leaflet 30a is
spaced from the stent 18 as the leaflet 30a moves in response to changes in flow through
the replacement valve 10. This relative spacing can, for example, reduce the likelihood
that the leaflet 30a will wear out through repeated contact with the stent.

The chord length C must also be a length sufficient to allow the side edges 56a,b
of a single leaflet (e.g., leaflet 30a) to be spaced apart by a distance sufficient to allow the
pressure drop through the replacement valve 10 (in the open position) to be less than
about 20 mmHg (e.g., less than about 15 mmHg) for all flow conditions and/or to fall
within the range of pressure drops associated with a normally functioning, native aortic
valve.

Given that the total arc length of the arcuate edge 37 and the chord length C are
fixed physical requirements, the size of the belly 41 can be adjusted by adjusting a height
D of the belly 41, where the height D of the belly 41 is the maximum distance between
the arcuate edge 37 and the axis 51 defined by the first end 43a and the second end 43b of
the arcuate edge 37. In general, the height D of the belly 41 can be reduced by increasing
the radius of curvature R of the arcuate edge 37 and, thus, also reducing the included
angle A swept along the radius of curvature to define the arcuate edge 37. For example,
if the arc length of the arcuate edge 37 is fixed at 27 mm, the height D of the leaflet 30a

can be reduced from about 4 mm to about 2 mm by increasing the radius of curvature
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from about 22 mm (within an included angle of about 70 degrees) to about 44 mm (with
an included angle of about 35 degrees).

As an additional physical requirement of the belly 41, an included angle B
between each side portion 56a,b and a tangent T to a respective end 43a,b is greater than
about 90 degrees. The leaflet 30a can be cut from a flat sheet of a biological tissue (e.g.,
bovine pericardium, equine pericardium, and/or porcine pericardium) having a thickness
of between about 0.010 inches to about 0.015 inches such that the leaflet 30a will have a
thickness in this range. Requiring the included angle B to be greater than about 90
degrees can reduce the likelihood of physical deterioration (e.g., delamination) of the
leaflet 30a over time. Additionally or alternatively, requiring the included angle B to be
greater than about 90 degrees can facilitate uniform cutting of the leaflet 30a by avoiding
the need to cut the leaflet 30a using a die having acute dimensions that can deteriorate
over time (e.g., a 90 degree angle on the die becoming rounded after repeated use).

Given the physical requirements of the belly 41, the ratio of the surface area of the
belly 41 to the outer cross-sectional area of the expanded stent 18 is about 0.05 to about
0.25 (e.g., about 0.09 to about 0.16). This range of ratios can facilitate sheathing the
replacement valve 10 with acceptable sheathing forces (e.g., below about 40 lbs, below
about 30 Ibs, below about 20 1bs, below about 10 1bs), while also resulting in a
replacement valve 10 with hemodynamic performance acceptable for replacement of a
native aortic valve. In embodiments in which the outer diameter of the expanded stent
18 is in the range (e.g., about 20 mm to about 30 mm; about 23 mm to about 27 mm)
suitable for aortic valve replacement in humans, the maximum distance between the
arcuate edge 37 and the axis 51 defined by the first and second ends 43a,b is about 1 mm
to about 6 mm (e.g., about 2 mm to about 4 mm). Additionally or alternatively, in these
embodiments, the radius R of the arcuate edge 37 is about 10 mm to about 50 mm (e.g.,
about 20 mm to about 50 mm) and the included angle is about 25 degrees to about 90
degrees (e.g., about 35 degrees to about 70 degrees).

For the sake of clarity, the belly 41 of the leaflet 30a was discussed above. It will
be appreciated that analogous design considerations apply to the leaflets 30b, 30c such
that cach leaflet of the leaflet assembly 16 includes a belly 41 with the physical

characteristics described above.
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Referring now to FIGS. 1 and 6A-D, the replacement valve 10 is shipped in the
open position (FIG. 6A) such that, for example, the leaflet assembly 16 can be stored in a
moistening solution (e.g., saline) to preserve the tissue of the leaflets 30a, 30b, 30c. Just
prior to implantation, the replacement valve 10 is sheathed by advancing the distal
portion & of the external sheath 4 toward the nosecone 20. As the distal portion 8 of the
external sheath 4 passes over the actuation elements 12, the sheathing force is about 2 1bs.
Similarly, as the distal portion 8 of the external sheath 4 moves over the buckles 28a,b,c,
the sheathing force remains about 2 Ibs. As the distal portion 8 of the external sheath 4 is
moved further distally and passes over the leaflet assembly 16, the sheathing forces
increase to about 10 Ibs. Finally, as the distal portion 8 of the external sheath 4 is moved
even further distally and passes over the portion of the leaflet assembly 16 corresponding
to the belly 41 (shown in FIG. 5) of each leaflet 30a,b, c, the sheathing force can increase
significantly. This significant increase can be attributed to the leaflets 30a,b,c doubling
on themselves and as well as the suturing material (e.g., stent sutures 36 and leaflet
sutures 32, shown in FIG. 2) present in that portion of the replacement valve 10. As
compared to replacement valves having higher ratios of belly area to outer cross-sectional
arca of the stent, the use of leaflets 30a,b,c having such a ratio between about 0.09 to
about 0.16 have reduced spikes in sheathing force during the last portion of the sheathing
process. Moreover, the leaflets 30a,b,c having a ratio in this range can function properly
given the other physical constraints of the replacement valve 10 for proper anatomical
performance.

Referring now to FIGS. 1 and 7A-C, the delivery system 1 can be used for
intraluminal delivery of the replacement valve 10 to an aortic valve 42 of a mammalian
heart 38, where the replacement valve 10 can be deployed without the need for excising
the native leaflets 44 of the aortic valve 42. The distal portion 8 of the delivery system 1
is moved over a guidewire 40 (e.g., by manipulation of the control handle 2) until the
nosecone 20 moves past the native leaflets 44. With the distal portion 8 of the delivery
system 1 in place, the external sheath 6 is retracted (e.g., by manipulation of the control
handle 2) to release the replacement valve 10. The released replacement valve 10 can

expand radially under the self-expanding force of the stent 18. Additionally or
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alternatively, the released replacement valve 10 can expand radially under the force of the
actuation elements 12, which can also be manipulated by the control handle 2.

The force of the fully expanded stent 18 secures the replacement valve 10 to the
wall of the aortic valve 42 and pins the native leaflets 44 to an aortic wall 33. With the
native leaflets 44 pinned in this position, the leaflet assembly 16 opens and closes in
response to the pulsatile flow of blood through the heart 38 and, in this way, acts to
replace the aortic valve 42. After the replacement valve 10 has been fully deployed in the
aortic valve 42, the nosecone 20 can be retracted proximally through the valve by an
inner tube 46 and the distal portion 8 of the delivery system 1 can be retracted proximally
along the guidewire 40 until the delivery system 1 is removed from the recipient of the
replacement valve 10.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, a replacement valve can include a fabric
ring disposed toward the distal end of the valve such at least a portion of the stent sutures
that secure the respective arcuate edges of the leaflets to the stent additionally or
alternatively pass through the fabric ring. Accordingly, other embodiments are within the

scope of the following claims.

13



10

15

20

25

30

WO 2013/013032 PCT/US2012/047382

WHAT IS CLAIMED IS:

1. A prosthetic heart valve comprising:
a stent having an outer cross-sectional area, the stent radially expandable to an
expanded, unstressed state; and
a plurality of leaflets, cach leaflet comprising
a coaptation portion movable relative to respective coaptation portions of
the other leaflets,
an arcuate edge having a first end and a second end, the arcuate edge
coupled to the stent, and
a belly extending from the arcuate edge to an axis defined by the first and
second ends of the arcuate edge, wherein the ratio of the surface area of the belly
to the outer cross-sectional area of the stent in the expanded, unstressed state is

about 0.09 to about 0.16.

2. The prosthetic heart valve of claim 1 wherein the stent in the expanded, unstressed

state has an outer diameter of about 20 mm to about 30 mm.

3. The prosthetic heart valve of claim 1 wherein the arcuate edge has a radius of about 20

mm to about 50 mm and an included angle of about 35 degrees to about 70 degrees.
4. The prosthetic heart valve of claim 1 wherein a maximum distance between the
arcuate edge and the axis defined by the first and second ends of the arcuate edge is about

2 mm to about 4 mm.

5. The prosthetic heart valve of claim 1 wherein the arcuate edges of the respective

leaflets are coupled to the stent in a plane.

6. The prosthetic heart valve of claim 5 wherein the plane is defined by an end of the

stent.
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7. The prosthetic heart valve of claim 1 wherein the total arc lengths of the arcuate edges
of the plurality of leaflets, as coupled to the stent, is about equal to an inner

circumference of the expanded stent.

8. The prosthetic heart valve of claim 1 wherein each leaflet is substantially symmetrical
about an axis of the leaflet extending in a direction from the coaptation portion to the

arcuate edge.

9. The prosthetic heart valve of claim 1 wherein the arcuate edge is opposite the

coaptation portion.

10. The prosthetic heart valve of claim 9 wherein each of the plurality of leaflets further
comprises first and second side portions extending from respective first and second ends

of the arcuate edge toward the coaptation portion.

11. The prosthetic heart valve of claim 10 wherein the first and second side portions of

cach leaflet are nonparallel to each other.

12. The prosthetic heart valve of claim 11 wherein, for each leaflet, the maximum width

of the coaptation portion is less than the maximum width of the arcuate edge.

13. The prosthetic heart valve of claim 10 wherein at least one side portion of each

leaflet is sutured to at least one side portion of each of the other leaflets.
14. The prosthetic heart valve of claim 10 wherein the included angle between each side
portion and a tangent to a respective end of the arcuate edge is greater than about 90

degrees.

15. The prosthetic heart valve of claim 1 wherein each of the plurality of leaflets has a

thickness of between about 0.010 inches to about 0.015 inches.
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16. The prosthetic heart valve of claim 1 wherein each of the plurality of leaflets is

biological tissue.

17. The prosthetic heart valve of claim 16 wherein the biological material is one or more

of the following: bovine pericardium, equine pericardium, and porcine pericardium.

18. The prosthetic heart valve of claim 1 wherein the arcuate edges of the respective

plurality of leaflets are sutured to the stent.

19. The prosthetic heart valve of claim 1 wherein the stent defines a volume extending

therethrough and each leaflet is disposed within the volume defined by the stent.

20. The prosthetic heart valve of claim 19 wherein the arcuate edges of the respective

plurality of leaflets are coupled to an end portion of the stent.
21. The prosthetic heart valve of claim 1 wherein the leaflets are movable between an

open position permitting flow past the stent in the expanded, unstressed state and a closed

position substantially restricting flow past the stent in the expanded, unstressed state.
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