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JACKET FOR SURGICAL HEART VALVE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. No. 16/129,677, filed
September 12, 2018, which claims the benefit of U.S. Provisional Application No.
62/579,754, filed October 31, 2017, and U.S. Provisional Application No. 62/667,181,
filed May 4, 2018.

FIELD
[0002] The present disclosure relates generally to heart valve assembiles,

and more specifically to apparatuses, systems and methods that include a jacket for
a heart valve.

BACKGROUND

[0003] Prosthetic heart valves have been developed that attempt to mimic
the function and performance of a native valve. Prosthetic valves with flexible leaflets
typically require some means for securing the leaflets to a support structure, such as
a leaflet frame. L.eaflet(s) may be secured to the frame, for example, by suturing or
adhesive/thermal bonding. In addition, the prosthetic valve is typically attached to a
human heart with sutures or some other mechanical attachment means (e.g.,
staples). For example, the prosthetic valve may be sewn to the heart using suture(s)
that pass through a sewing cuff attached to the frame.

[0004] The heart valves, including the frames, may have imperfections or
other aspects (e.g., resulting from the attachment of the leaflet to the frame) that may
contribute to undesirable biological events. Accordingly, it would be desirable to
resolve the imperfections or other aspects to facilitate performance of the heart
valves.

SUMMARY

[0005] According to one example (“Example 1°), a prosthetic valve includes a
heart valve having a frame; one or more leaflets attached to the frame; and a jacket
surrounding the frame and configured to cover at least one of gaps, spaces, or

interfaces in at least one of the frame and interfaces between the frame and the one
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or more leaflets attached to the frame to enhance the biocompatibility of the heart
valve.

[0008] According to another example (“Example 2”), further to Example 1, the
jacket is molded to at least one of the frame and the one or more leaflets.

[0007] According to another example (“Example 3”), further to Example 2, the
one or more leaflets and the jacket are each formed of a first material.

[0008] According to another example (“Example 4”), further to Example 3, the
first material comprises a fluoropolymer.

[0009] According to another example (“Example 5”), further to Example 1, the
jacket includes a first portion and a second portion, and the first portion and the
second portion are coupled together to join the jacket to the frame.

[00010] According to another example (“Example 6”), further to Example 5, the
first portion includes a first connector, the second portion includes a second
connector, and the first connector snaps together with the second connector to join
the first portion of the jacket with the second portion of the jacket.

[00011]  According to another example (“Example 77), further to Example 5, the
first portion and the second portion are secured together by at least one of swaging,
an adhesive, a screw, and a rivet.

[00012] According to another example (“Example 8°), further to any one of
Examples 1-7, further including a sewing cuff arranged with the frame, wherein the
jacket is configured to cover an interface between the sewing cuff and the frame.

[00013] According to another example (“Example 9”), further to Example 8,
the jacket is bonded to the sewing cuff.

[00014] According to another example (“Example 10”), further to any one of
Examples 1-9, the jacket is configured to avoid thrombosis to enhance the
biocompatibility of the frame.

[00015] According to another example (“Example 11"), further to any one of
Examples 1-10, the jacket is configured to block tissue ingrowth into the one or more
leaflets to enhance the biocompatibility of the frame.

[00016] According to another example (“Example 12"), further to any one of
Examples 1-10, the jacket is configured to promote tissue ingrowth.

[00017]  According to one example (“Example 13”), further to any one of
Examples 1-12, the jacket includes an outflow edge and a transition between the one

or more leaflets and the outflow edge includes a fillet.
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[00018] According to one example (“Example 14"), further to Example 13, the
fillet includes a nonlinear surface.

[00019] According to one example (“Example 15), further to Example 13, the
fillet extends radially inwardly.

[00020] According to one example (“Example 16"), further to any one of
Examples 5-15, the first portion of the jacket defines an outflow side of the prosthetic
valve, and wherein a flange extends radially outwardly from the first portion of the
jacket.

[00021] According to one example (“Example 177), further to any one of
Examples 8-15, a flange extends radially outwardly from the jacket on an outflow
side of the sewing cuff.

[00022] According to one example (“Example 18"), further to any one of
Examples 16-17, the flange is longitudinally offset from the sewing cuff.

[00023] According to one example (“Example 19"), further to any one of
Examples 16-18, the flange is configured to operate as atissue ingrowth boundary to
help obstruct tissue ingrowth into the one or more leaflets.

[00024] According to one example ("“Example 20"), further to any one of
Examples 16-19, the flange is positioned between the sewing cuff and an outflow
side of the one or more leaflets.

[00025] According to one example ("Example 217), further to any one of
Examples 1-20, the jacket is formed of a rigid material.

[00026] According to one example (“Example 22), further to any one of
Example 22, the jacket is formed of a TFE-PMVE copolymer.

[00027] According to one example ("“Example 23), further to any one of
Examples 1-20, a portion of the jacket is formed of a flexible polymer.

[00028] According to one example ("Example 24"), further to any one of
Example 23, wherein the flexible polymer is silicone.

[00029] According to one example (“Example 25”), further to any one of
Examples 23-24, another portion of the jacket is formed of a rigid material.

[00030] According to one example ("Example 267), further to any one of
Examples 1-25, the valve also includes a conduit and wherein the jacket is coupled
to the conduit to form a valved conduit.

[00031] According to one example (“Example 27”), a prosthetic valve

including: a frame; one or more leaflets attached to the frame to define at least one
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frame to leaflet interface; and a jacket that encapsulates the at least one frame-to-
leaflet interface and is configured to isolate the interface from blood flow.

[00032] According to another example (“Example 28”), further to Example 27,
the jacket is configured to create tissue ingrowth boundaries.

[00033] According to another example (“Example 29”), further to any one of
Examples 27-28, the jacket is configured to alter the blood flow.

[00034] According to another example (“Example 30"), further to any one of
Examples 27-29, the jacket includes a sewing cuff, and the jacket is bonded to at
least one of the frame, the leaflets, and the sewing cuff.

[00035] According to another example (“Example 31%), further to any one of
Examples 27-30, the jacket is overmolded over the frame.

[00036] According to another example (“Example 32"), further to any one of
Examples 27-31, the jacket is configured to promote tissue ingrowth.

[00037] According to another example (“Example 33"), further to Example 32,
the jacket is configured to restrict the tissue ingrowth to the frame without extending
onto the one or more leaflets.

[00038] According to another example (“Example 34"), further to any one of
Examples 32-33, the jacket includes a surface modification to promote tissue
ingrowth.

[00039] According to another example (“Example 35"), further to any one of
Examples 27-34, the jacket includes an outflow edge and a transition between the
one or more leaflets and the outflow edge includes a fillet.

[00040] According to another example (“Example 36"), further to Example 35,
the fillet includes a nonlinear surface.

[00041] According to another example (“Example 377), further to Example 35,
the fillet extends radially inwardly.

[00042] According to another example (“Example 38"), further to any one of
Examples 30-3724-31, a flange extends radially outwardly from the jacket on an
outflow side of the sewing cuff.

[00043] According to another example (“Example 397), further to Example 38,
the flange is longitudinally offset from the sewing cuff.

[00044] According to another example (“Example 40"), further to any one of
Examples 38-39, the flange is configured to operate as a tissue ingrowth boundary to

help abstruct tissue ingrowth into the one or more leaflets.
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[00045] According to another example (“Example 417), further to any one of
Examples 38-40, the flange is positioned between the sewing cuff and an outflow
side of the one or more leaflets.
[00046] The foregoing Examples are just that, and should not be read to limit
or otherwise narrow the scope of any of the inventive concepts otherwise provided

by the instant disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[00047] The accompanying drawings are included to provide a further
understanding of the disclosure and are incorporated in and constitute a part of this
specification, illustrate embodiments, and together with the description serve to
explain the principles of the disclosure.

[00048] FIG. 1 is an illustration of an example prosthetic valve in accordance
with an embodiment;

[00049] FIG. 2 is an illustration of an example prosthetic valve that includes a
sewing cuff in accordance with an embodiment;

[00050] FIG. 3A is afirst view of an exploded illustration of an example jacket
with a prosthetic valve, in accordance with an embodiment;

[00051] FIG. 3B is a second view of an exploded illustration of the jacket and
prosthetic valve shown in FIG. 3A;

[00052] FIG. 3C is athird view of an exploded illustration of the jacket and
prosthetic valve shown in FIGS. 3A-B;

[00053] FIG. 4A is afirst view of an illustration of an example jacket coupled to
a prosthetic valve, in accordance with an embodiment;

[00054] FIG. 4B is a second view of an illustration of the jacket and prosthetic
valve shown in FIG. 4A;

[00055] FIG. 4C is athird view of an illustration of the jacket and prosthetic
valve shown in FIGS. 4A-B:

[00056] FIG. 5A is an illustration of another example jacket coupled to a
prosthetic valve, in accordance with an embodiment;

[00057] FIG. 5B shows a close-up view of the jacket and prosthetic valve
shown in FIG. 5A;

[00058] FIG. 6 is an illustration of an example jacket in accordance with an

embodiment:
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[00059] FIG. 7A is a schematic cross-sectional illustration of a jacket having a
shelf and a prosthetic valve in a closed position, in accordance with an embodiment;

[00060] FIG. 7B is a schematic cross-sectional illustration of the jacket and
prosthetic valve, shown in FIG. 7A, in an open position;

[00061] FIGs. 8A and 8B are first and second views of a jacket, in accordance
with an embodiment;

[00062] FIG. 9A is afirst view of an illustration of an example jacket coupled to
a prosthetic valve, in accordance with an embodiment;

[00063] FIG. 9B is a cross section view of the example jacket shown in FIG.
9A taken along line 9B—9B of FIG. 9A;

[00064] FIG. 10A is a first view of an illustration of an example jacket coupled
to a prosthetic valve, in accordance with an embodiment;

[00065] FIG. 10B is a cross section view of the example jacket shown in FIG.
10A taken along line 10B—10B of FIG. 10A;

[00066] FIG. 11A is a flow chart of an example process for making a prosthetic
valve, in accordance with an embodiment; and

[00067] FIG. 11B is an exploded view of a mold assembly, in accordance with
an embodiment;

[00068] FIG. 12 is a first view of an illustration of an example cuff attachment
flange, in accordance with an embodiment;

[00069] FIG. 13 is a view of an illustration of an example leaflet frame
including a keyslot, in accordance with an embodiment;

[00070] FIG. 14 is a first view of an illustration of another example cuff
attachment flange, in accordance with an embodiment;

[00071] FIG. 15 is a perspective view of an illustration of an example jacket
coupled to a prosthetic valve, in accordance with an embodiment;

[00072] FIG. 16 is a cross-sectional illustration of the jacket and the prosthetic
valve shown in FIG. 15 as arranged in a conduit, in accordance with an embodiment;
[00073] FIG. 17 is a perspective view of an illustration of another example

jacket coupled to a prosthetic valve, in accordance with an embodiment;
[00074] FIG. 18 is a cross-sectional illustration of the jacket and the prosthetic
valve shown in FIG. 17 as arranged in a conduit, in accordance with an embodiment;
[00075] FIG. 19 is a perspective view of an illustration of another example

jacket coupled to a prosthetic valve, in accordance with an embodiment;
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[00076] FIG. 20 is a cross-sectional illustration of the jacket and the prosthetic
valve shown in FIG. 19 as arranged in a conduit, in accordance with an embodiment;
and
[00077] Fig. 21A-B are illustrations of a leaflet arranged within the jacket

shown in FIGs. 19-20, in accordance with an embodiment.

DETAILED DESCRIPTION

[00078] Persons skilled in the art will readily appreciate that various aspects of
the present disclosure can be realized by any number of methods and apparatuses
configured to perform the intended functions. I should also be noted that the
accompanying drawing figures referred to herein are not necessarily drawn to scale,
but may be exaggerated to illustrate various aspects of the present disclosure, and in
that regard, the drawing figures should not be construed as limiting.

[00079] Embodiments herein include various apparatus, systems, and methods
for a prosthetic valve suitable for surgical and transcatheter placement, such as, but
not limited to, cardiac valve replacement. The prosthetic valve is operable as a one-
way valve wherein the prosthetic valve defines a valve orifice into which leaflets
open to permit flow and close so as to occlude the valve orifice and prevent flow in
response to differential fluid pressure.

[00080] The prosthetic valve can include a leaflet frame defining an annular
ring and having a leaflet contact surface configured to impart a shape to the leaflet
that provides proper function of the valve and one or more leaflet retention surfaces
to facilitate leaflet retention to the leaflet frame. The leaflets may be non-sewn,
minimally sewn, mechanically coupled, bonded, or non-mechanically coupled to the
leaflet frame. In addition, the valve may also include a sewing cuff, arranged about
the leaflet frame, to provide structure that receives suture for coupling to the implant
site. In some examples, the prosthetic valve is wholly synthetic. The prosthetic
valve may include one or more drug coatings on one or more portions thereof or may
be entirely free of drug coatings.

[00081] There may be interface points due to attachment of leaflets to the
frame, attachment of the sewing cuff to the frame, and the frame itself. Each aspect
may also include various other interface points or other cracks and crevices. The
interface points (and cracks and crevices) may cause blood stasis, which can

contribute to thrombus formation. Thus, embodiments herein include various
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apparatus, systems, and methods that include a jacket joined to the frame and
configured to enhance the biocompatibility of the frame and lessen the opportunity
for thrombus formation. In addition, the jackets discussed herein can contribute to
manufacturability of the prosthetic valve, to which the jacket is coupled. The jacket
can mask manufacturing imperfections and the jacket is also customizable based on
patient and need.

[00082] FIG. 1 shows an example prosthetic valve 100 in accordance with an
embodiment. The components of the prosthetic valve 100 that can be observed in
FIG. 1 include a plurality of leaflets 310 and a leaflet frame 200 that includes a
plurality of commissure posts 210 flanked on each side by leaflet window frame
element(s) (e.g., two leaflet window sides 223 and a leaflet window base 225
therebetween) that define the leaflet window. Leaflet free edges 312 of the leaflets
310 come together at a coaptation region 316 in a Y-shaped pattern to close the
prosthetic valve 100. The prosthetic valve 100 closes in this fashion when the
pressure of the blood on the leaflet outflow side is greater than the pressure of the
blood on the leaflet inflow side of the prosthetic valve 100. The leaflet free edges 312
of the leaflets 310 move apart to open the prosthetic valve 100 and to let blood flow
through the prosthetic valve 100 from the leaflet inflow side when the pressure of the
blood on the leaflet inflow side is greater than the pressure on the outflow side. The
three leaflets 310 of the embodiment of FIG. 1 meet or nearly meet at a triple point
348.

[00083] Generally, the term “distal’ is used in the disclosure to refer to the
outflow end (distal end) or outflow direction of a prosthetic valve 100, and in turn the
term “proximal” is used to refer to the inflow end of a prosthetic valve 100, or a
direction opposite the direction of primary flow through the prosthetic valve 100.

[00084] The leaflet frame 200 is operable to mechanically couple and support
the leaflets 310 by way of, at least in part, a plurality of leaflet frame projections 260
(FIG. 2) that are spaced-apart and project from one or more leaflet retention surfaces
233 of the leaflet frame 200. In various embodiments, the one or more leaflet
retentions surfaces 233 are one or more leaflet frame edges, external edges or
internal edges, such as a leaflet frame first edge 227, a leaflet frame second edge
224 and a leaflet frame internal edges 234. The leaflet frame projections 260 are
each configured to extend through a leaflet aperture defined by the leaflet 310. In

some embodiments, the leaflet frame projections 260 can have a tenon-like shape.
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[00085] The leaflet frame 200 may include an annular shape and has a central
longitudinal axis. The leaflet frame 200 comprises a plurality of commissure posts
210 that are spaced from one another. Between two commissure posts 210 is a
leaflet window. The portion of the leaflet frame 200 disposed adjacent each
commissure post 210 can be an opening, an open framework, or a continuous wall,
which may be further defined in part by the leaflet window sides 223. The leaflet
retention surface 233 in the embodiment shown in FIG. 1 is the leaflet frame second
edge 224 (an example of a leaflet frame external edge), but it is understood that a
leaflet retention surface 233 can include any leaflet frame surface including, but not
limited to, a leaflet frame second edge 224, a leaflet frame first edge 227, and/or a
leaflet frame internal edge 234, such as the side internal edge 257 defining triangular
opening 256.

[00086] As shownin FIG. 1, each of the leaflet windows are defined by the
leaflet frame second edge 224. In particular, the leaflet frame second edge 224
defines a leaflet frame concavity 240 corresponding to each leaflet window. The
leaflet frame concavity 240 can be curved or angular. The shown embodiment has
an angular leaflet frame concavity 240. A set of leaflet frame elements that, along
with the commissure post 210, define each leaflet window are referred to as leaflet
window frame elements. A set of leaflet window frame elements can flank each side
of a commissure post 210. The set of leaflet window frame elements can include two
leaflet window sides 223 and a leaflet window base 225 therebetween. The leaflet
window base 225 and the leaflet window sides 223 are configured to couple to and
support, along with the commissure posts 210, each leaflet 310 around the perimeter
thereof except for the leaflet free edge 312. The commissure post 210 extends from
an apex 232 in the outflow direction that is formed at the convergence between two
leaflet window sides 223 of adjacent leaflet windows. The extent of leaflet
attachment along the commissure post 210 can affect the leaflet free edge 312 so as
to create a narrower or wider coaptation region 316 between the adjacent leaflet free
edges 312 where the extent is less or more, respectively. It is also understood that
the shape of the leaflet free edge 312 and dimensions of the leaflet belly region 322
influence wider or narrower coaptation.

[00087] The leaflet frame 200 defines an annular shape having a leaflet frame
inner surface and a leaflet frame outer surface 204 opposite the leaflet frame inner

surface. Further, the leaflet frame 200 has a leaflet frame first edge 227 and a leaflet
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frame second edge 224 opposite the leaflet frame first edge 227. As discussed
further below, the leaflet frame 200 may include a cuff attachment flange 201 (FIGs.
9B,10B, 12, and 14) that couples adjacent to the leaflet frame first edge 227 so as to
project laterally from the leaflet frame outer surface 204. The cuff attachment flange
201 may be made of any suitable material including those materials suitable for the
leaflet frame 200 discussed herein. The cuff attachment flange 201 is configured to
facilitate coupling of a sewing cuff 285 (discussed further below) to the leaflet frame
200. The cuff attachment flange 201 defines an annular ring that is operable to be
slidingly received on the leaflet frame outer surface 204 so as to extend
circumferentially around a perimeter of the leaflet frame 200 adjacent the leaflet
frame first edge 227.

[00088] In some examples, the cuff attachment flange 201 defines a plurality of
spaced apart apertures operable to receive suture therethrough so as to facilitate the
coupling of the sewing cuff 285 thereon. In other examples, the cuff attachment
flange 201 defines a plurality of inwardly projecting spaced apart teeth 205 defining
notches 207 therebetween, such that the cuff attachment flange 201 is slidingly
received on the leaflet frame outer surface 204, the inwardly projecting spaced apart
teeth 205 cooperates with the leaflet frame outer surface 204 suchthat the notches
207 in combination with the leaflet frame outer surface 204 define a plurality of
apertures operable to receive suture therethrough so as to facilitate coupling of the
sewing cuff 285 thereon.

[00089] In another example, the cuff attachment flange 201 includes one or
more inwardly projecting keys 209 operable to be received into a corresponding
keyway 101 on the leaflet frame 200 (see FIG. 13). As shown in FIG. 12, the key
209 is a flange that is operable to be received in the keyway 101 which, is shown as
a slotin FIG. 13. In accordance with an example, the cuff attachment flange 201 is
slidingly received onto the leaflet frame 200 at the leaflet frame first edge 227 with
each key 209 being received within a corresponding keyway 101. The cooperation
between the key 209 and the keyway 101 may be suchthat the cuff attachment
flange 201 may be “snap fit” onto the leaflet frame 200 and fixed thereto. In another
example, one or more of the keys 209 is welded to the leaflet frame 200 adjacent the
keyway 101 so as to couple the cuff attachment flange 201 to the leaflet frame 200.

[00090] Also shown in FIG. 12, it is shown that each key 209 includes a
plurality of apertures 203 which, after the key 209 is received into the keyway 101,

10
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presents the apertures 203 adjacent the leaflet frame outer surface 204 so as to
receive suture therethrough so as to facilitate coupling of the sewing cuff 285
thereon. The cuff attachment flange 201 may be made according to known
methods, including laser cutting, molding, stamping, or other known processes.

[00091] In some examples, the cuff attachment flange 201, after being slidingly
received on the leaflet frame 200, may be welded to the leaflet frame 200, fixing the
cuff attachment flange 201 to the leaflet frame 200.

[00092] In some examples, the cuff attachment flange 201 may be integral with
the leaflet frame 200.

[00093] Two ends of the sewing cuff 285 are received and coupled to either
side of the cuff attachment flange 201 by passing suture through the two ends of the
sewing cuff and through the apertures formed in the cuff attachment flange 201 or
defined between the cuff attachment flange 201 and the leaflet frame outer surface
204, as mentioned above.

[00094] In some examples, the leaflet frame first edge 227 and the cuff
attachment flange 201 define a planar circumference, as shown in FIG. 9B and 10B.
In other examples, the leaflet frame first edge 227 and the cuff attachment flange
201 define a corresponding non-planar circumference (also referred to as a coronet
shape). That is, the leaflet frame first edge 227 and the cuff attachment flange 201
define a plurality of scallops, or out of plane curves, that are operable to present the
sewing cuff 285, which will take a complementary shape when received onto and
coupled to the cuff attachment flange 201, to a native valve annulus that has a
corresponding non-planar circumference (coronet shape). Further, in an example,
the sewing cuff insert 287 also has a complementary circumference so as to further
shape the sewing cuff 285.

[00095] In some examples, the sewing ring insert is composed of medical
grade silicone. The sewing ring insert may be pre-formed, such as into an annular
shape or a shape otherwise corresponding to one or more of the leaflet frame 200,
the cuff attachment flange 201 and the sewing cuff 285, or may be injected into the
sewing cuff 285 in a non-solid form. In various examples, the sewing insert provides
internal support to the sewing ring. In some examples, the sewing insert helps seal
needle and suture penetrations through the sewing cuff 285 made during

implantation.
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[00096] Similarly, each commissure post 210 has a post outer side 212 and a
post inner side 214 opposite the post outer side 212. Further, each commissure post
210 has two post lateral sides 213 that are opposite each other and extending
between the post inner side 214 and the post outer side 212 such that all sides,
namely, the post outer side 212, the two post lateral sides 213, and the post inner
side 214, define a perimeter of each commissure post 210.

[00097] In accordance with an embodiment, the leaflet frame 200 is annular
about a central longitudinal axis of the prosthetic valve 100 as shownin FIG. 1. The
leaflet frame 200 defines three leaflet windows. In the embodiment shown, a leaflet
window base 225 is flanked on each side by two leaflet window sides 223 that
together define three sides of an arced isosceles trapezoid, wherein the leaflet frame
second edge 224 at the leaflet window base 225 is substantially flat. The leaflet
attachment region is coupled to the leaflet window base 225, each of the two leaflet
window sides 223, and the commissure posts 210. The commissure posts 210 can
be equally spaced from one ancther around the leaflet frame 200. The portion of the
leaflet frame 200 that is disposed under each commissure post 210 and between
adjacent leaflet windows is a framed triangular opening 256 defined by leaflet frame
internal edges 234 of neighboring leaflet window sides 223 and the leaflet frame
base. While the triangular opening 256 is shown as open, it can be capped or sealed
in various embodiments.

[00098] FIG. 14 is a first view of an illustration of another example cuff
attachment flange 201, in accordance with an embodiment. As discussed above, the
leaflet frame 200 may include a cuff attachment flange 201. The cuff attachment
flange 201 may be made of any suitable material including those materials suitable
for the leaflet frame 200 discussedherein. The cuff attachment flange 201 is
configured to facilitate coupling of a sewing cuff 285 to the leaflet frame 200. The
cuff attachment flange 201 defines an annular ring that is operable to be received on
the leaflet frame outer surface 204 so as to extend circumferentially around a
perimeter of the leaflet frame 200.

[00099] The cuff attachment flange 201 may include a split-portion 1402 that
facilitates placement of the cuff attachment flange 201 about the perimeter of the
leaflet frame 200. The split-portion 1402 may allow for separation of the cuff
attachment flange 201 to place the cuff attachment flange 201 about the perimeter of
the leaflet frame 200.
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[000100] In some examples, the cuff attachment flange 201 defines a plurality of
spaced apart apertures operable to receive suture therethrough so as to facilitate the
coupling of the sewing cuff 285 thereon. In another example, the cuff attachment
flange 201 includes one or more inwardly projecting keys 209 operable to be
received into a corresponding keyway 101 on the leaflet frame 200 (see FIG. 13).
As shown in FIG. 14, the key 209 is a flange that is operable to be received in the
keyway 101 which, is shown as a slot in FIG. 13. In accordance with an example,
the cuff attachment flange 201 may separate at the split-portion 1402 and arrange
each key 209 received within a corresponding keyway 101. The cooperation
between the key 209 and the keyway 101 may be suchthat the cuff attachment
flange 201 may be “snap fit” onto the leaflet frame 200 and fixed thereto.

[000101] Also shown in FIG. 14, it is shown that each key 209 includes a
plurality of apertures 203 which, after the key 209 is received into the keyway 101,
presents the apertures 203 adjacent the leaflet frame outer surface 204 so as to
receive suture therethrough so as to facilitate coupling of the sewing cuff 285
thereon. The cuff attachment flange 201 may be made according to known
methods, including laser cutting, molding, stamping, or other known processes.

[000102] FIG. 2 shows an example prosthetic valve 100 with a sewing cuff 285,
in accordance with an embodiment. The sewing cuff 285 is arranged about a leaflet
frame 200 in accordance with an embodiment. In some examples, the sewing cuff
285 may be arranged about the cuff attachment flange 201 extending radially
outwardly from the leaflet frame outer surface 204 of the leaflet frame 200 (FIGs. 9B
and 10B). The sewing cuff 285 is operable to provide structure that receives suture
for coupling to the implant site. The sewing cuff 285 may comprise any suitable
material, such as, but not limited to, PTFE, ePTFE, double velour polyester, and
silicone. The sewing cuff 285 materials may be in woven or non-woven forms. For
instance, the sewing cuff may be comprised of an ePTFE fabric. The sewing cuff
285 may be located circumferentially around a perimeter of the leaflet frame base of
the leaflet frame 200, such as the leaflet frame first edge 227. The sewing cuff 285
may comprise a filler material, such as, but not limited to, a silicone ring. In some
examples, the sewing ring permits or promotes tissue ingrowth to help minimize
paravalvular leakage. In some examples, the sewing ring additionally or alternatively

helps provide anatomical fixation of the prosthetic valve.
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[000103] FIG. 3A is afirst view of an exploded illustration of an example jacket
300 with a prosthetic valve 100, in accordance with an embodiment. The leaflet
frame 200 includes one or more leaflets 310 attached to the leaflet frame 200. As
discussed in detail with reference to FIG. 1, the leaflets 310 are attached to the
leaflet frame 200 by the plurality of leaflet frame projections 260. The mechanical
coupling of the leaflets 310 is accomplished by the various aspects of the leaflet
frame 200. As shown in FIG. 3A, the leaflet frame 200 includes a number of uneven,
rough, or not smooth surfaces. A jacket 300 may be joined to the frame in order to
enhance the biocompatibility of the leaflet frame 200 and the prosthetic valve 100.
More specifically, the jacket 300 is configured to cover gaps, spaces, interfaces or
other structural aspects that are present in the leaflet frame 200 and/or interfaces
between the leaflet frame 200 and the one or more leaflets 310 attached to the
leaflet frame 200 to enhance the biocompatibility of the leaflet frame 200. In some
examples, the jacket 300 additionally helps maintain mechanical attachment of the
leaflets 310 to the leaflet frame 200, including the leaflet frame projections 260. In
some examples, the jacket 300 operates as a strain relief for the leaflet 310. For
instance, in some examples, the jacket 300 minimizes the strain of the leaflets 310 at
the leaflet frame projections 260, which helps minimize failures of the leaflets 310 at
the leaflet frame projections 260.

[000104] As discussed further below, the jacket 300 may be configured to
include one or more features or geometries that provide for smooth transitions
between the jacket 300 and the leaflet 310. For instance, in some examples, the
jacket 300 may include one or more fillets at or proximate a transition between the
jacket 300 and the leaflet 310. Thus, in some examples, the fillets provide for a
blended interface between the jacket 300 and the leaflets 310. These types of
smooth transitions help minimize gaps and crevices, and thus help minimize
stagnate blood regions and/or thrombus formation.

[000105] The uneven, rough, or not smooth surfaces in the leaflet frame 200
may be present in the leaflet frame 200 itself and/or may be present in the interfaces
between aspects of the prosthetic valve 100. The leaflets 310 are attached to the
frame, and the leaflet frame 200 may also include a sewing cuff 285. Micro or
macroscopic interfaces are present between the leaflet frame 200 and the leaflets
310 and the leaflet frame 200 and the sewing cuff 285. The interfaces, cracks,

crevices, and other structural aspects may contribute to thrombus formation when

14



WO 2019/089163 S PCT/US2018/053278
the prosthetic valve 100 is implanted. These structural aspects, for example, can
contribute to stagnate blood regions. Stagnate blood regions negatively affect
biocompatibility as the stasis can contribute to thrombus formation. Thus, the jacket
300 enhances the biocompatibility of the leaflet frame 200 by covering, wrapping, or
hiding the interfaces, cracks, crevices, other structural aspects, and can also
optimize blood flow.

[000108] The jacket 300 includes a first portion 302 (an outflow jacket portion)
and a second portion 304 (an inflow jacket portion). As shown in FIG. 3A, the first
portion 302 of the jacket 300 includes an outflow jacket height 410 and the second
portion 304 of the jacket 300 includes an inflow jacket height 412.

[000107] FIG. 3B is a second view of an exploded illustration of the jacket 300
and prosthetic valve 100 shown in FIG. 3A and FIG. 3C is a third view of an
exploded illustration of the jacket 300 and prosthetic valve 100 shown in FIGS. 3A-B.
The first portion 302 and the second portion 304 are configured to couple together to
form the jacket 300 around the frame. The first portion 302 and the second portion
304 together around the frame is shown in further detail in FIGS. 4A-C. In certain
instances, the first portion 302 and the second portion 304 are secured together by
at least one of swaging, a snap fit, a click fit, one or more staples, tape, adhesives,
one or more screws, one or more rivets, insert molding or overmolding.

[000108] Each of the outflow jacket height 410 and/or the inflow jacket height
412 may be altered based on the specific need of the jacket 300. The outflow jacket
height 410 and the inflow jacket height 412 may be determined by measuring the
lowest point in the jacket 300 at which the leaflet 310 attaches. The jacket 300 can
facilitate tissue growth (e.g., tissue ingrowth or tissue overgrowth) relative to the
prosthetic valve 100. Tissue overgrowth, in this context, refers to tissue growing
over the leaflet frame 200 and contacting the leaflet 310, which causes a thrombus
response. Thus, the outflow jacket height 410 and/or the inflow jacket height 412 is
tailored to avoid ingrowth of tissue onto the leaflets 310. In certain instances, the
outflow jacket height 410 and/or the inflow jacket height 412 are determined relative
to the sewing cuff 285. The outflow jacket height 410 and/or the inflow jacket height
412 may be altered, without changing the leaflet frame 200, in response to patient
valve size, position, and/or desired flow characteristics.

[000109] FIG. 4A is afirst view of an illustration of an example jacket 300

coupled to a prosthetic valve 100, in accordance with an embodiment. The jacket
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300 shown in FIGS. 4A-C includes a first portion 302 and a second portion 304. The
first portion 302 and the second portion 304 are shown secured together. The first
portion 302 and the second portion 304 are secured about a frame (not shown) of
the prosthetic valve 100. In certain instances, the prosthetic valve 100 may include a
sewing cuff (not shown) arranged with the frame as shown in FIG. 2. The jacket 300
is configured to be an interface between the sewing cuff and the frame. In addition,
the jacket 300 includes tips 404 (also described as post cover portions) when the
first portion 302 and the second portion 304 are joined together. The tips 404, or
post cover portions, may be atraumatic, and may be equal to a number of
commissure posts 210 in the prosthetic valve 100.

[000110] As shown in FIGS. 4A-C, the first portion 302 includes first interfaces
406 and the second portion 304 includes second interfaces 408. The first interfaces
406 are configured to join with the second interfaces 408 to couple the first portion
302 to the second portion 304. The first interfaces 406 and the second interfaces
408 couple together to form the tips 404 of the jacket 300. In addition, the first
interfaces 406 and the second interfaces 408 can snap together to join the first
portion 302 to the second portion 304 and form the jacket 300.

[000111] The jacket 300 may be formed of at least one of Polyether ether
ketone (PEEK), expanded Polytetrafluoroethylene (ePTFE), Fluorinated ethylene
propylene (FEP), copolymers of tetrafluoroethylene (TFE) and perfluoromethyl vinyl
ether (PMVE) (TFE-PMVE copolymer), urethanes, polyimides, thermoplastics,
thermosets, 3D printable metals and polymers (stainless steel, titanium, etc.) nylon,
or any other biocompatible material suitable for long term blood contact that is
dimensionally stable, and does not leech contaminates.

[000112] The jacket 300 is coupled to or formed about the leaflet frame 200, in
various instances, such that the jacket 300 does not interfere with the leaflets 310 or
assist in mechanical fixation of the leaflets 310 to the leaflet frame 200. The jacket
300 is configured to cover interfaces, cracks, crevices, and other structural aspects
of the prosthetic valve 100 that may contribute to thrombus formation when the
prosthetic valve 100 is implanted. And in some instances, as discussed further
herein, the jacket 300 is configured to include one or more fillets, which help facilitate
smooth transitions between the jacket 300 and the leaflet 310. Thus, the jacket 300
covers various aspects of the prosthetic valve and includes features and/or

geometries, the combination of which operate to help avoid thrombosis (e.g., by
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reducing cracks, gaps, crevices, and stagnate blood regions) and help enhance the
biocompatibility of the leaflet frame 200 and the prosthetic valve 100.

[000113] FIG. 4B is a second view of an illustration of the jacket 300 and
prosthetic valve 100 shown in FIG. 4A. As shown in FIG. 4B, the first portion 302 of
the jacket 300 includes an outflow jacket height 410 and the second portion 304 of
the jacket 300 includes an inflow jacket height 412. The jacket 300 can facilitate
tissue growth relative to the prosthetic valve 100. For example, tissue overgrowth
over the leaflet frame 200 can be promoted by the jacket 300. In some examples,
the jacket 300 promotes tissue overgrowth to the leaflet 310. The outflow jacket
height 410 and/or the inflow jacket height 412 are optionally tailored to avoid
ingrowth of tissue onto the leaflets 310, but to promote tissue ingrowth onto the
jacket 300. Thus, the jacket 300 can be configured to create tissue ingrowth
boundaries (e.g., ingrowth stops prior to reaching the leaflets 310). As discussed in
greater detail below, in some instances, minimizing the outflow jacket height 410
helps minimize stagnate blood regions on the outflow side of the leaflets 310, such
as between the leaflets 310 and the outflow jacket portion, which helps minimize
thrombus formation. However, minimizing the outflow jacket height 410 may
increase the potential for surrounding tissue to proliferate radially inwardly across the
outflow jacket portion toward the leaflets 310. That is, decreasing the height of the
outflow jacket portion reduces the ability of the outflow jacket portion to operate as a
boundary to tissue ingrowth, as tissue may proliferate across the outflow jacket
portion, as those of skill should appreciate. Thus, in some examples, as explained in
greater detail below, the jacket 300 may include an additional feature that is distinct
from the outflow jacket height 410 and that operates tc prevent or minimize a
potential for tissue to proliferate radially inwardly across the outflow jacket portion.
For example, the jacket 300 may include one or more flange features that project at
least partially radially outwardly from the outflow jacket portion (FIGs. 10A and 10B).
The one or more flange features operate as a boundary to tissue ingrowth and
proliferation.

[000114] In certain instances, the jacket 300 includes a surface having a
property predetermined to permit (or even promote) tissue ingrowth, or having a
property predetermined to prevent or minimize tissue ingrowth. For instance, in
some examples, the surface of the jacket 300 may have a texture, such as a

relatively rough texture, that is predetermined to permit or promote tissue ingrowth.
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Conversely, the surface of the jacket 300 may have a relatively smooth texture that
prevents or minimizes tissue ingrowth. In some examples, the surface of the jacket
300 may be meodified to achieve the desired surface texture. In some examples, the
jacket 300 could be formed of a porous PEEK material (injection moldable and/or
machined) or a porous PEKK material (3D printable). Accordingly, the jacket 300
can have a predetermined pore size and density that permits or promotes tissue
ingrowth where desired. The jacket 300 can have non-tissue ingrowth regions. In
certain instances, at least the pores on the surface of the jacket 300 can be imbibed,
coated, or infused to prevent or minimize tissue ingrowth on portions of or all of the
jacket 300. For example, the pores on the jacket 300 may be imbibed with a soluble
TFE-PMVE copolymer, and the jacket 300 may be solvent welded to a soluble TFE-
PMVE copolymer portion or subcomponent on the leaflets 310 to prevent or
minimize tissue ingrowth onto or across the leaflets 310 and the jacket 300. In some
examples, one or more layers of material, such as the material of which the jacket is
formed, may be bonded (e.g., pre-bonded) to one or more portions of the leaflets
310 independent of the jacket being formed about the leaflet frame 200 and/or
coupled with one or more portions of the leaflets 310. In some examples, the one or
more layers of material may include any of the suitable materials described herein,
including any of the materials suitable for forming the jacket discussedherein. In
some examples, when forming the jacket about the leaflet frame 200 and/or one or
more portions of the leaflet 310, the jacket may be bonded with the one or more
layers of material pre-bonded to the leaflets 310, which may provide for a better or
more consistent bond between the jacket and the leaflets 310, as those of skill
should appreciate.

[000115] The jacket 300 can also be advantageous in various respects in that
the outflow jacket height 410 and/or the inflow jacket height 412 may be altered,
without changing the leaflet frame 200, in response to patient valve size, position,
and/or desired flow characteristics. In addition, the jacket 300 encapsulates an
interface present between the leaflet frame 200 and the leaflet(s) 310 is configured
to isolate the interface from blood flow.

[000116] FIG. 4C is athird view of an illustration of the jacket 300 and
prosthetic valve 100 shown in FIGS. 4A-B. An interior rim 414 of the jacket 300 is
configurable to modify flow characteristics. The interior rim 414, also described as

the luminal side of the jacket 300, is configured to alter flow through the prosthetic
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valve 100 (e.g., in order to prevent regions of stasis behind the leaflets 310 and
improve washout throughout the cardiac cycle). In this regard, the jacket 300 and
the interior rim 414 may be configured with smocth transitions without 90 degree or
perpendicular corners, undercuts, or other features that would not otherwise be seen
on any surface that is designed to prevent flow disturbances.

[000117] In some examples, as discussed further below, the jacket may be
configured to include one or more fillets, which help facilitate smooth transitions
between the jacket and the leaflets 310. Thus, in some examples, the jacket may
include a fillet on the outflow portion of the jacket and/or on the inflow portion of the
jacket. In some examples, the fillet of the jacket 300 extends radially inwardly of the
interior rim 414 of the jacket as described further below and defines, at least in part,
a transition between the jacket and the leaflet 310. In some non-limiting examples,
the fillet may extend between one and three millimeters (1-3mm) inwardly from the
interior rim 414 (e.g., which may also be understood to be consistent with a distance
from an interior surface of the wall of the outflow and/or inflow portions of the jacket).
Thus, the fillet may alternatively extend inwardly from an inside diameter of the
jacket more than three millimeters (3mm), such as four, five, or even six millimeters,
provided that the fillet does not extend so far inwardly that the outflow tract area of
the prosthetic valve 100 (e.g., the flow area for fluid passing through the prosthetic
valve 100) is occluded or otherwise reduced or constricted to an undesirable area
(e.g., not suitable for permitting a desired fluid flow rate through the prosthetic valve
100).

[000118] Moreover, itis to be appreciated that the fillet may extend radially
inwardly by different amounts at different angular positions. For instance, the fillet
may extend inwardly by a first amount (e.g., 3mm) at a first angular position (e.g.,
such as at the same angular positions as one or more of the commissure posts 210)
and may extend inwardly by a second amount (e.g., 1mm or 1.25mm) at a second
angular position (e.g., such as at the same angular positions as one or more of the
leaflet belly regions 322, equidistant between adjacent commissure posts 210).
Thus, in some examples the fillet may be configured such that the amount by which
the fillet extends radially inwardly varies about an interior circumference of the fillet
(e.g., to produce a scalloped interior circumferential edge of the fillet).

[000119] The fillets on the outflow portion of the jacket and the inflow portion of

the jacket may be the same or may differ. For instance, in some examples, the
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outflow and inflow fillets may extend inwardly by different amounts, or may extend
inwardly by different amounts at different angular positions. In some examples, the
outflow and inflow fillets may have different cross-sectional profiles a given angular
positions (e.g., the outflow fillet may have more cross sectional area than the inflow
fillet in at a given angular position). This may be attributable to the relative
curvatures of the fillets, or, one fillet may be curved while the other fillet is non-
curved.

[000120] FIG. 5A is an illustration of another example jacket 500 coupled to a
prosthetic valve 100, in accordance with an embodiment. The jacket 500 is molded
to the frame (shown in FIG. 5B). The jacket 500 may be molded to the frame in
order to enhance the biocompatibility of the frame and the prosthetic valve 100.
More specifically, the jacket 500 is configured to cover gaps, spaces, interfaces or
other structural aspects that are present in the frame and/or interfaces between the
frame and the one or more leaflets 310 attached to the frame to enhance the
biocompatibility of the frame. The jacket 500 includes tips 404 that may be
atraumatic, and may be equal to a number of leaflets 310 in the prosthetic valve 100.

[000121] The uneven, rough, or not smooth surfaces in the frame (e.g., as
shown in FIGS. 1-2) may be present in the frame itself and/or may be present in the
interfaces between aspects of the prosthetic valve 100. The interfaces, cracks,
crevices, and other structural aspects may contribute to thrombus formation when
the prosthetic valve 100 is implanted. These structural aspects, for example, can
contribute to stagnate blood regions. Stagnate blood regions are negative factors
relative to biocompatibility as stagnate blood regions can contribute to thrombus
formation. Thus, the jacket 500 enhances the biocompatibility of the frame by
covering, wrapping, or hiding the interfaces, cracks, crevices, and other structural
aspects.

[000122] FIG. 5B shows a close-up view of the jacket 500 and prosthetic valve
100 shown in FIG. 5A. In certain instances, the prosthetic valve 100 also includes a
sewing cuff 285 arranged about the leaflet frame 200. Micro or macroscopic
interfaces are present between the leaflet frame 200 and the leaflets 310 and also
between the leaflet frame 200 and the sewing cuff 285. As previously mentioned,
the jacket 500 is optionally molded about the leaflet frame 200 to enhance the
biocompatibility of the leaflet frame 200 by covering, wrapping, or hiding the

interfaces, cracks, crevices, and other structural aspects.
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[000123] The jacket 500 can include an inflow portion 502 or an outflow portion
504 due to the jacket 500 being molded or overmolded. When implanted, the jacket
500 can separate the leaflet 310 from tissue 506. The inflow portion 502 or the
outflow portion 504 include an outflow jacket height 410, as shown in FIG. 5A, to
separate the tissue 506 from the leaflet 310. In this manner, tissue ingrowth onto the
leaflets 310 is lessened or blocked, as mentioned above. As a result and in certain
instances, the jacket 500 is configured to block tissue ingrowth into and onto the one
or more leaflets 310 to enhance the biocompatibility of the frame. The inflow or
outflow jacket height 410 is tailored to avoid ingrowth of tissue onto the leaflets 310,
but can promote tissue ingrowth onto the jacket 500. Thus, the jacket 500 is
configured to create tissue ingrowth boundaries (e.g., ingrowth stops prior to
reaching the leaflets 310).

[000124] As discussed in detail with reference to FIGS. 4A-C, the jacket 500
can also be customizable. An inflow portion of the jacket 500 is configured to
prevent regions of stasis behind the leaflets 310 (e.g., on an outflow side of the
leaflets) and improve washout throughout the cardiac cycle. In this regard, the jacket
500 has smooth transitions without 90 degree or perpendicular corners, undercuts,
or features that wouldn’t otherwise be seen on any surface that is designed to
prevent flow disturbances.

[000125] In certain instances, the leaflets 310 may be formed from a different
material or the same material as the jacket 500. The leaflets 310 and the jacket 500
each may be formed of a fluoropolymer.

[000126] FIG. 6 is an illustration of an example jacket 600 in accordance with
an embodiment. The jacket 600 shown in FIG. 6 may be attached or coupled to a
prosthetic valve (not shown), as mentioned above. For instance, the jacket 600 may
be overmolded to the frame, such as via an injection molding process or via a heat
andfor pressure molding process. The jacket 600 includes tips 404 that include are
tapered at an angle 602. The tapered tips 404 are configured to restrict an outflow
circumference of the prosthetic valve when the leaflets (not shown) are opened.
When opened, the leaflets extend from and contact the tapered tips 404 and form
approximately a circumference for the blood flow (e.g., between 5% and 25% smaller
than if the tips 404 were not present) parallel to the blood flow direction. The tapered
tips 404 are configured to create a flow state that promotes washing behind the

leaflets, and thus reduced thrombosis formation risk, for example. For example, the
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tapered tips 404 can promote blood mixing behind the leaflets and lessens dead
space. In addition, the tapered tips 404 help promote closure of the leaflets. The
tapered tips 404 help promote leaflets configurations do not open further than
necessary, and therefore, the blood flow loss that may occur as a result of the
narrowed opening by such a nozzle effect is lessened.

[000127] As discussed in further detail above, the jacket 600 also includes an
outflow jacket height 410 to separate the tissue from the leaflets. In this manner,
tissue ingrowth onto the leaflets is lessened or blocked. As a result and in certain
instances, the jacket 600 is configured to block tissue ingrowth into the one or more
leaflets to enhance the biocompatibility of the frame. The inflow or outflow jacket
height 410 is tailored to help avoid ingrowth of tissue onto the leaflets, but can
promote tissue ingrowth onto the jacket 600. Thus, the jacket 600 is configured to
create tissue ingrowth boundaries (e.g., ingrowth stops prior to reaching the leaflets).

[000128] The jacket 600 can include a shelf 606 arranged on an inflow portion
of the jacket 600. The shelf 606, as discussed in further detail with reference to
FIGS. 7A-B, is configured to recirculating blood flow behind the leaflets to prevent
blood stagnating.

[000129] The device shown in FIG. 6 is provided as an example of the various
features of the jackets, and, although the combination of those illustrated features is
clearly within the scope of the disclosure, that example and its illustration is not
meant to suggest the inventive concepts provided herein are limited from fewer
features, additional features, or alternative features to one or more of those features
shown in FIG. 6. For example, in various embodiments, the tapered tips 404 and/or
the shelf 606 of the jacket 600 shown in FIG. 6 may be components of the jackets
depicted in FIGS. 3-5.

[000130] FIG. 7A is a schematic cross-sectional illustration of a jacket 700
having a shelf 606 and a leaflet 310 of a prosthetic valve (e.g., similar to the
prosthetic valve 100) in a closed position, in accordance with an embodiment. FIG.
7B is a schematic cross-sectional illustration of the jacket 700 and leaflet 310, shown
in FIG. 7A, in an open position. The jacket 700 covers or encapsulates a frame to
which the leaflet 310 is attached. The jacket 700 is annular, that is, it defines a
cylinder having a lumen 714 having an axis X and a plurality of tips (e.g., as shown

in FIG. 6) extending parallel to the axis X that are spaced from one ancther.
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[000131] In the closed position shown in FIG. 7A, the leaflet 310 has a leaflet
overlap region 735 with the shelf 606 preventing fluid flow through the lumen 714 in
the retrograde direction 704. During forward flow 702 in the forward direction when
the leaflet 310 is not in the closed position (when the inflow pressure is greater than
the outflow pressure), the leaflet 310 moves away from the shelf 606 to define a gap
730 therebetween.

[000132] The gap 730 formed between the leaflet 310 and the shelf 606 when
the leaflet 310 is not in the closed position allows fluid adjacent the leaflet 310 to
pass through the gap 730 during forward flow 402 in the forward direction through
the lumen 714. That is, the recirculating flow behind the leaflet 710 may pass
through the gap 730 preventing the recirculating flow from slowing down or
stagnating behind the leaflet 310. Further, the gap 730 also allows forward flow 402
to pass through the gap 730 from the first inflow side 713 and the second inflow side
722 further disrupting and displacing the recirculating flow behind the leaflet 310 to
downstream of the leaflet 310. Thus, blood behind the leaflet 310 is less likely to clot
or form thrombus.

[000133] FIGs. 8A and 8B show first and second views of a jacket 800, in
accordance with some embodiments. FIGs. 8A and 8B show the jacket 800 and
prosthetic valve combination with the jacket 800 completely covering or
encapsulating a leaflet frame. The sewing cuff 285 is shown exposed. The sewing
cuff 285 can have any shape and can be located along any portion of the height of
the jacket 800.

[000134] As shown in FIGs. 8A and 8B, the jacket 800 defines a wall 802 (also
described as a radial cover) between the plurality of tips 404 (also described as post
cover portions). As shown in FIG. 8A, the wall 802 has a relatively low height (e.g.,
lower than the coaptation region of the leaflets 310). FIG. 8B has a relatively higher
wall that extends distally beyond the leaflets 310 (e.g., to a height of the plurality of
tips 404, or post cover portions). In some examples, the height of the wall 802 can
be selected to mitigate tissue ingrowth (e.g., blocking ingrowth to the leaflets 310), to
protect the leaflets 310 from other anatomical impingement (e.g., tissue around the
native valve orifice) into the area of the leaflets 310, and/or to modify a flow profile
out of the leaflets 310, or to achieve other performance features as desired, such as

regions of stasis (also referred to as stagnant blood regions) on the outflow side of
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the leaflets as mentioned above. In one non-limiting example, the wall 802 may
extend between four (4) and five (5) millimeters above the leaflet frame 200.

[000135] FIGs. 9A and 9B show a jacket 900. FIG. 9B is a cross sectioned
view taken along line 9B—9B of FIG. 9A. As shown, the jacket 900 includes a first
portion 902 (an outflow jacket portion) having an outflow jacket height 910 that is
minimized to help minimize stagnate blood regions on the outflow side of the leaflets
310 between the leaflets 310 and the first portion 902. The outflow jacket height 910
may be defined between the sewing cuff 285 and the portion of the jacket 900
extending adjacent the leaflet window base 225 of the leaflet frame 200 (also
described as an outflow edge 208), as shown. That is, as mentioned above, the
outflow jacket height 910 may be determined relative to the sewing cuff 285 (e.qg.,
based on an offset between the outflow edge 908 relative to the sewing cuff 285).
The outflow jacket height 910 may also be determined relative to the outflow side of
the leaflets 310. The outflow edge 908 extends generally parallel to a jacket inflow
edge 914 (which extends generally parallel to the leaflet frame first edge 227). In
various examples, the jacket 900 further includes a second portion 904 (an inflow
jacket portion) as shown.

[000136] In some examples, the jacket 900 further includes smooth transitions
between the jacket 900 and the leaflet 310, which helps minimize cracks, gaps, and
crevices. For instance, as shown in FIG. 9B, the jacket 900 includes an outflow fillet
920 and an inflow fillet 922. The outflow fillet 920 defines a transition between the
outflow edge 908 of the first portion 902 of the jacket 900, and is thus situated
between the outflow edge 908 of the first portion 902 of the jacket 900 and a
transition region 924 defined where the jacket 900 terminates into the outflow side of
the leaflet 310. By comparison, the inflow fillet 922 defines a transition between the
jacket inflow edge 914 of the second portion 904 of the jacket 900, and is thus
situated between the jacket inflow edge 914 of the second portion 904 of the jacket
900 and a transition region 926 defined where the jacket 900 terminates into the
inflow side of the leaflet 310. The fillets may include a linear or nonlinear profile
(e.g., a surface of the fillet may be linear or nonlinear). Fillets or similar geometries
such as these help provide for a smooth transition between the leaflets 310 and the
jacket 90, such as the outflow edge 908 of the jacket 900. These types of smooth
transitions help minimize gaps, crevices, and stagnate blood regions and thus

thrombus formation, as mentioned above.
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[000137] In some examples, a jacket inflow edge 914 defines a leading edge of
the inflow side of the jacket 900, in situ. As similarly discussed above with respect to
the jacket 900, the jacket 900 further includes an inflow jacket height 912 (generally
defined between the sewing cuff 285 and the jacket inflow edge 914, as shown).
Likewise, the outflow jacket height 910 and/or the inflow jacket height 912 may be
increased or decreased (also referred to herein as being altered) to accommodate
particulars of patient valve size, position, and/or desired flow characteristics, without
requiring a change in the profile of the leaflet frame 200. Thus, a given leaflet frame
200 can be utilized in association with a first jacket having a first outflow jacket
height and/or afirst inflow jacket height, while the same leaflet frame 200 can be
utilized in association with a second jacket having a second, different outflow jacket
height (larger or smaller than the first outflow jacket height) and/or a second inflow
jacket height (larger or smaller than the first inflow jacket height).

[000138] Moreover, consistent with the disclosure above, the jacket 900 can
facilitate tissue growth relative to the prosthetic valve 100, which helps promote
bicintegration. The jacket 900 may be configured to permit tissue ingrowth across or
along one or more regions thereof (e.g., such as along an outer surface 916 and/or
sewing cuff 285), while discouraging, prohibiting, or minimizing the potential for
ingrowth along one or more other regions thereof (e.g., such as along an outflow
edge 908 and/or fillet portion). In some examples, the outflow jacket height 910
and/or the inflow jacket height 912 remain tailored to avoid, minimize, or prevent
tissue from proliferating onto the leaflets 310. In some examples, avoiding,
minimizing, or preventing ingrowth of tissue onto the leaflets is accomplished by
providing a jacket 900 having an inflow jacket height 912 of sufficient height to
operate as a barrier that helps resist a proliferation of tissue across the outflow edge
908 and radially inwardly toward the leaflets 310.

[000139] In addition to or as an alternative to controlling tissue ingrowth via
outflow jacket height, the jacket 900 may be configured to include one or more
projections or flange elements 918 that extend from the jacket 900 and operate as
tissue proliferation barriers. These flanges or projections are configured to help
obstruct, minimize, or prevent tissue from proliferating across one or more portions
of the jacket 900, including from proliferating onto and growing into the leaflets 310.
As shown in FIG. 10B, a flange element 918 extends from the first portion 902 of the

jacket 900 and projects at least partially radially outwardly therefrom. The
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configuration of flange element 918 helps prevent, obstruct, or minimize a potential
for tissue to proliferate across the outflow edge 908 of the jacket 900. The flange
element 918 thus operates as a boundary against tissue ingrowth. As shown, the
flange element 918 projects or extends radially outwardly from the jacket 900
between the outflow side of the leaflets 310 and the outer surface 916 of the jacket
900. The configuration shown in FIGs. 10A and 10B is thus configured to provide for
tissue ingrowth and attachment in one or more of the sewing cuff 285 and the outer
surface 916 of the jacket 900, while still minimizing a potential for tissue to proliferate
radially inwardly across the outflow edge 908 and onto the leaflets 310, despite the
relatively low outflow jacket height 910.

[000140] I is to be appreciated that these flanges or projections can be
incorporated into the jacket 900 and can operate to obstruct, minimize, or prevent
tissue ingrowth without also requiring an increase in the outflow jacket height 910.
For example, afirst jacket including a first jacket portion (an outflow jacket portion)
having a first height, and not including a flange element may be configured to
promote tissue ingrowth and proliferation radially inwardly across the jacket. By
comparison, a second jacket including a second jacket portion (an outflow jacket
portion) having the first height and including a flange element may be configured to
obstruct tissue ingrowth and proliferation radially inwardly across the flange element
and thus across the jacket.

[000141] Accordingly, it is thus to be appreciated that the jacket 900 may be
configured to minimize an outflow jacket height (e.g., to minimize a formation of
stagnate blood regions) while still minimizing a potential for tissue to proliferate
across the jacket toward leaflets of the prosthetic valve (e.g., which helps permit
tissue ingrowth in designated regions of the jacket without permitting tissue to
proliferate across the jacket and onto the leaflets).

[000142] The jacket 900 may include a continuous flange element or may
include a plurality of discrete flange elements 918. For example, as shown in FIG.
10A, the jacket 900 includes a plurality of discrete flange elements 918, each of
which is separated from an adjacently situated discrete flange element 918 by a tip
901 (or commissure post cover) of the jacket 900. That is, the jacket 900 may be
configured such that one or more of the plurality of discrete flange elements 918
extend along those portions of the jacket 900 between tips 901. Thus, it is to be

appreciated that each discrete flange element 918 generally extends along or
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adjacent to (or follows a path corresponding to) one or more of the leaflet window
base 225 and the leaflet window sides 223 of the leaflet frame 200.

[000143] Alternatively, the flange element 918 of the jacket 900 may extend
continuously about the jacket 900. That is, the jacket 900 may be configured such
that the flange element 918 is not interrupted by the tips 901 of the jacket 900.
Instead, in some examples, the flange element 918 may extend along an outflow
edge of the jacket 900 including along the tips 901 of the jacket 900, such that the
flange element 918 forms a continuous element having no beginning and no end or
termination point. Thus, it is to be appreciated that, in such examples, the flange
element 918 generally extends along or adjacent to (or follows a path corresponding
to) the leaflet window bases 225, the leaflet window sides 223, and the commissure
posts 210 and post lateral sides 213 of the leaflet frame 200.

[000144] FIG. 15 is a perspective view of an illustration of an example jacket
300 coupled to a prosthetic valve 100, in accordance with an embodiment. The
components of the prosthetic valve 100 (e.g., shown in greater detail in FIG. 1)
include a plurality of leaflets 310 and a leaflet frame 200 that includes a plurality of
commissure posts 210 flanked on each side by leaflet window frame element(s).
The leaflet frame 200 is operable to mechanically couple and support the leaflets
310 by way of, at least in part, a plurality of leaflet frame projections 260.

[000145] The jacket 300 may be joined to the leaflet frame 200 in order to
enhance the biocompatibility of the leaflet frame 200 and the prosthetic valve 100.
More specifically, the jacket 300 is configured to cover gaps, spaces, interfaces or
other structural aspects that are present in the leaflet frame 200 and/or interfaces
between the leaflet frame 200 and the one or more leaflets 310 attached to the
leaflet frame 200 to enhance the biocompatibility of the leaflet frame 200 as
discussed in further detail above (e.g., with reference to FIGs. 3A-B). In some
examples, the jacket 300 additionally helps maintain mechanical attachment of the
leaflets 310 to the leaflet frame 200, including the leaflet frame projections 260. In
addition, the jacket 300 may be configured to include smooth transitions for the
prosthetic valve 100 to help minimize gaps and crevices, and thus help minimize
stagnate blood regions and/or thrombus formation. In addition and as shown, the
jacket 300 may extend to cover (outflow side) ends of the commissure posts 210.

The jacket 300 being formed and configured in this manner may help minimize
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stagnate blood regions and/or thrombus formation by filing a gap 1500 behind the
outflow side of the leaflets 310 and the leaflet frame 200.

[0001486] In certain instances, the prosthetic valve 100 (with the jacket 300) may
be directly implanted into a patient and in other instances, the prosthetic valve 100
may be arranged within a conduit as shown in FIG. 16.

[000147] FIG. 16 is a cross-sectional illustration of the jacket 300 and the
prosthetic valve 100 shown in FIG. 15 as arranged in a conduit 1600, in accordance
with an embodiment. The prosthetic valve 100 is arranged within the conduit 1600
such that the leaflets 310 extend into the conduit 1600 and toward the center 1602 of
the conduit 1600. The prosthetic valve 100 may be coupled or adhered to an interior
surface of the conduit 1600. At the portion of the conduit 1600 to which the
prosthetic valve 100 is coupled or adhered, the conduit 1600 may be densified as
compared to the other portions of the conduit 1600 to include a densified portion
1604.

[000148] The densified portion 1604 of the conduit 1600 is densified and/or
rigidified such that the conduit 1600 retains its shape during handling and use.
Densification refers to a process of selectively making the material more dense at
selected locations, such as by heating and/or pressure. In certain embodiments, the
conduit 1600 is formed from expanded Polytetrafluoroethylene (ePTFE). For ePTFE
material that may be relatively porous, the densification process will reduce porosity
and make the area more rigid.

[000149] In certain instances, an exterior surface of the conduit 1600 may be
wrapped with a flexible fiim 1608 that may enhance longitudinal tensile strength of
the conduit 1600 by adding column strength to the conduit 1600.

[000150] In certain instances, the conduit 1600 may include one or more
radiopaque markers 1606 to assist in visualizing a location of the prosthetic valve
100 within the conduit 1600 post-procedure under fluoroscopic visualization. The
one or more radiopaque markers 1606 can be arranged adjacent to the prosthetic
valve 100 on the exterior surface of the conduit 1600.

[000151] The prosthetic valve 100 having a wall height extending adjacent or
up to ends of commissure posts 210, as shown in FIG. 15, may help minimize
stagnate blood regions and/or thrombus formation by extending the gap 1500 behind
the outflow side of the leaflets 310 and the leaflet frame 200 within the conduit 1600.
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[000152] FIG. 17 is a perspective view of an illustration of another example
jacket coupled to a prosthetic valve, in accordance with an embodiment. The
components of the prosthetic valve 100 (e.g., shown in greater detail in FIG. 1)
include a plurality of leaflets 310 and a leaflet frame 200 that includes a plurality of
commissure posts 210 flanked on each side by leaflet window frame element(s).
The leaflet frame 200 is operable to mechanically couple and support the leaflets
310 by way of, at least in part, a plurality of leaflet frame projections 260.

[000153] The jacket 300 may be joined to the leaflet frame 200 in order to
enhance the biocompatibility of the leaflet frame 200 and the prosthetic valve 100.
More specifically, the jacket 300 is configured to cover gaps, spaces, interfaces or
other structural aspects that are present in the leaflet frame 200 and/or interfaces
between the leaflet frame 200 and the one or more leaflets 310 attached to the
leaflet frame 200 to enhance the biocompatibility of the leaflet frame 200 as
discussed in further detail above (e.g., with reference to FIGs. 3A-B). In some
examples, the jacket 300 additionally helps maintain mechanical attachment of the
leaflets 310 to the leaflet frame 200, including the leaflet frame projections 260. In
addition, the jacket 300 may be configured to include smooth transition for the
prosthetic valve 100 help minimize gaps and crevices, and thus help minimize
stagnate blood regions and/or thrombus formation.

[000154] The components of the prosthetic valve 100 (e.g., shown in greater
detail in FIG. 1) include a plurality of leaflets 310 and a leaflet frame 200 that
includes a plurality of commissure posts 210 flanked on each side by leaflet window
frame element(s). The leaflet frame 200 is operable to mechanically couple and
support the leaflets 310 by way of, at least in part, a plurality of leaflet frame
projections 260.

[000155] The jacket 300 may be joined to the leaflet frame 200 in order to
enhance the biocompatibility of the leaflet frame 200 and the prosthetic valve 100.
More specifically, the jacket 300 is configured to cover gaps, spaces, interfaces or
other structural aspects that are present in the leaflet frame 200 and/or interfaces
between the leaflet frame 200 and the one or more leaflets 310 attached to the
leaflet frame 200 to enhance the biocompatibility of the leaflet frame 200 as
discussed in further detail above (e.g., with reference to FIGs. 3A-B). In addition, the
jacket 300 may be configured to include smooth transition for the prosthetic valve

100 help minimize gaps and crevices, and thus help minimize stagnate blood regions
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and/or thrombus formation. In addition and as shown, the jacket 300 may extend to
cover (outflow side) ends of the commissure posts 210. The jacket 300 being
formed and configured in this manner may help minimize stagnate blocd regions
and/or thrombus formation by filling a gap 1500 behind the outflow side of the
leaflets 310 and the leaflet frame 200.

[000156] In certain instances, the jacket 300 may include an inflow and an
outflow portion that couple together about the leaflet frame 200 (e.g., as described
above with reference to FIGs. 3A-B). In other instances, the jacket 300 may be a
single piece directly coupled or overmolded to the leaflet frame 200. In addition,
portions of the jacket 300 may also be coupled or overmolded to portions of the
leaflets 310.

[000157] In certain instances, the jacket 300 may be formed of a rigid polymer.
In certain instances, the jacket 300 may be formed of a fluoropolymer (e.g., a TFE-
PMVE copolymer). In these instances, the TFE-PMVE copolymer jacket 300 may
bond to the synthetic leaflets 310.

[000158] In certain instances, the prosthetic valve 100 (with the jacket 300) may
be directly implanted into a patient and in other instances, the prosthetic valve 100
may be arranged within a conduit as shown in FIG. 18.

[000159] FIG. 18 is a cross-sectional illustration of the jacket and the prosthetic
valve shown in FIG. 17 as arranged in a conduit, in accordance with an embodiment.
The prosthetic valve 100 is arranged within the conduit 1600 such that the leaflets
310 extend into the conduit 1600 and toward the center 1602 of the conduit 1600.
The prosthetic valve 100 may be coupled or adhered to an interior surface of the
conduit 1600. At the portion of the conduit 1600 to which the prosthetic valve 100 is
coupled or adhered, the conduit 1600 may be a densified portion 1604 as compared
to the other portions of the conduit 1600 as discussed in detail above. In addition, the
conduit 1600 may include one or more radiopague markers 1606 to assist in
visualizing a location of the prosthetic valve 100 within the conduit 1600 post-
procedure under fluoroscopic visualization. In addition, the exterior surface of the
conduit 1600 may be wrapped with a flexible film 1608 that may enhance longitudinal
tensile strength of the conduit 1600 by adding column strength to the conduit 1600.

[000160] The prosthetic valve 100 having a wall height extending adjacent or

up to ends of commissure posts 210, as shown in FIG. 17, may help minimize
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stagnate blood regions and/or thrombus formation by extending the gap 1500 behind
the outflow side of the leaflets 310 and the leaflet frame 200 within the conduit 1600.

[000161] FIG. 19 is a perspective view of an illustration of another example
jacket coupled to a prosthetic valve, in accordance with an embodiment. The
components of the prosthetic valve 100 (e.g., shown in greater detail in FIG. 1)
include a plurality of leaflets 310 and a leaflet frame 200 that includes a plurality of
commissure posts 210 flanked on each side by leaflet window frame element(s).
The leaflet frame 200 is operable to mechanically couple and support the leaflets
310 by way of, at least in part, a plurality of leaflet frame projections 260.

[000162] The jacket 300 may be joined to the leaflet frame 200 in order to
enhance the biocompatibility of the leaflet frame 200 and the prosthetic valve 100.
More specifically, the jacket 300 is configured to cover gaps, spaces, interfaces or
other structural aspects that are present in the leaflet frame 200 and/or interfaces
between the leaflet frame 200 and the one or more leaflets 310 attached to the
leaflet frame 200 to enhance the biocompatibility of the leaflet frame 200 as
discussed in further detail above (e.g., with reference to FIGs. 3A-B). In certain
instances, the jacket 300 may be joined to the leaflet if the leaflet frame 200 is
overmolded.

[000163] In certain instances, it may be beneficial for the jacket 300 to be formed
of aflexible component such as silicone. The jacket 300 may minimize a seam and
create a seal with compressive force in gaps between the leaflets 310 and the frame
200 as explained in further detail below with reference to FIGs. 21A-B. In certain
instances, portions of the jacket 300 may be formed of different materials. As noted
above (e.g., with reference to FIGs. 3A-B), the jacket 300 may include a first portion
302 (an outflow jacket portion) and a second portion 304 (an inflow jacket portion).
The inflow portion of the jacket 300, for example, may be formed of a different
material than the outflow portion of the jacket 300. In certain instances, the outflow
jacket may be formed of more flexible material (e.g., silicone) than the inflow jacket
(e.g., athermoplastic polymer or a rigid material overmolded with silicone).

[000164] In certain instances, the prosthetic valve 100 (with the jacket 300) may
be directly implanted into a patient and in other instances, the prosthetic valve 100
may be arranged within a conduit as shown in FIG. 18.

[000165] FIG. 20 is a cross-sectional illustration of the jacket and the prosthetic

valve shown in FIG. 19 as arranged in a conduit, in accordance with an embodiment.
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The prosthetic valve 100 is arranged within the conduit 1600 such that the leaflets
310 extend into the conduit 1600 and toward the center 1602 of the conduit 1600.
The prosthetic valve 100 may be coupled or adhered to an interior surface of the
conduit 1600. At the portion of the conduit 1600 to which the prosthetic valve 100 is
coupled or adhered, the conduit 1600 may be a densified portion 1604 as compared
to the other portions of the conduit 160 and the exterior surface of the conduit 1600
may be wrapped with a flexible film 1608 that may enhance longitudinal tensile
strength of the conduit 1600 by adding column strength to the conduit 1600.

[000166] In certain instances, the conduit 1600 may include one or more
radiopaque markers 1606 to assist in visualizing a location of the prosthetic valve
100 within the conduit 1600 post-procedure under fluoroscopic visualization. The
one or more radiopaque markers 1606 can be arranged adjacent to the prosthetic
valve 100 on the exterior surface of the conduit 1600.

[000167] The prosthetic valve 100 having a wall height extending adjacent or
up to ends of commissure posts 210, as shown in FIG. 19, may help minimize
stagnate blood regions and/or thrombus formation by extending the gap 1500 behind
the outflow side of the leaflets 310 and the leaflet frame 200 within the conduit 1600.

[000168] Fig. 21A-B are illustrations of a leaflet 310 arranged within the jacket
shown 300 in FIGs. 19-20, in accordance with an embodiment. As shown in FIG.
21B, the jacket 300 is flexible and compressible. The as formed jacket 300a may
compress longitudinally when arranged with the frame 200 and take the shape of the
compressed jacket 300b. As shown in FIG. 21A, the jacket 300 may minimize a
seam and create a seal with compressive force in gaps between the leaflets 310 and
the frame 200.

[000169] The prosthetic valves 100 disclosed herein may include a sewing cuff
285 along with a jacket 300 or the prosthetic valves 100 may be placed within a
conduit as shown in FIGs. 16, 18, and 20. In addition, the prosthetic valves 100 (and
the prosthetic valves 100 arranged within a conduit) may be implanted in the patient
outside of the heart such as within blood vessels (e.g., replacement or repair of
venous valves) or new valves within blood vessels.

[000170] As discussed herein, the leaflets 310 can be made of a polymer or
biological tissue. More particularly, the leaflets 310 can also be made from a sheet of
polymer material or biological tissue. Pre-shaped polymer leaflets can also be made

by starting from a cylinder of polymer material that has been cut into a shape.
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[000171] The leaflets 310 can comprise any biocompatible material sufficiently
compliant and flexible, suchas a biocompatible polymer and biological tissue. In
various embodiments, the leaflets 310 can comprise a material that is synthetic or of
animal origin. The leaflets 310 can comprise a membrane that is combined with an
elastomer or an elastomeric material or a non-elastomeric material to form a
composite material. The leaflet 310 can comprise, according to an embodiment, a
composite material comprising an expanded fluoropolymer membrane that
comprises a plurality of spaces within a matrix of fibrils, and an elastomeric material,
which the jacket 900 can be formed of. It should be appreciated that multiple types of
fluoropolymer membranes and multiple types of elastomeric materials can be
combined to form a composite material while remaining within the scope of the
present disclosure. It should also be appreciated that the elastomeric material can
include multiple elastomers, multiple types of non-elastomeric components, such as
inorganic fillers, therapeutic agents, radiopaque markers, and the like while
remaining within the scope of the present disclosure.

[000172] In various examples, any of the leaflets described herein (e.g., leaflets
310) may be formed of a biocompatible, synthetic material (e.g., including ePTFE
and ePTFE composites, or other materials as desired). Other biocom patible
polymers which can be suitable for use in synthetic leaflets include but are not
limited to the groups of urethanes, silicones (organopolysiloxanes), copolymers of
silicon-urethane, styrene/isobutylene copolymers, polyisobutylene, polyethylene-co-
poly(vinyl acetate), polyester copolymers, nylon copolymers, fluorinated hydrocarbon
polymers and copolymers or mixtures of each of the foregoing.

[000173] In other examples, such leaflet construct is formed of a natural
material, such as repurposed tissue, including bovine tissue, porcine tissue, or the
like.

[000174] As used herein, the term "elastomer" refers to a polymer or a mixture
of polymers that has the ability to be stretched to at least 1.3 times its original length
and to retract rapidly to approximately its original length when released. The term
"elastomeric material" refers to a polymer or a mixture of polymers that displays
stretch and recovery properties similar to an elastomer, although not necessarily to
the same degree of stretch and/or recovery. The term “non-elastomeric material’

refers to a polymer or a mixture of polymers that displays stretch and recovery
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properties not similar to either an elastomer or elastomeric material, that is,
considered not an elastomer or elastomeric material.

[000175] In accordance with an embodiment, the composite material includes
an expanded fluoropolymer material made from porous ePTFE membrane, for
instance as generally described in U.S. Pat. No. 7,306,729 to Bacino.

[000176] The expanded fluoropolymer membrane, used to form some of the
composites described, can comprise PTFE homopolymer. In alternative
embodiments, blends of PTFE, expandable modified PTFE and/or expanded
copolymers of PTFE can be used. Non-limiting examples of suitable fluoropolymer
materials are described in, for example, U.S. Patent No. 5,708,044, to Branca, U.S.
Patent No. 6,541,589, to Balllie, U.S. Patent No. 7,531,611, to Sabol et al., U.S.
Patent Publication No. 2009/0093602, to Ford, and U.S. Patent Publication No.
2010/0248324, to Xu et al.

[000177] In accordance with embodiments herein, the leaflet comprises a
composite material having at least one porous synthetic polymer membrane layer
having a plurality of pores and/or spaces and an elastomer and/or an elastomeric
material and/or a non-elastomeric material filling the pores and/or spaces of the at
least one synthetic polymer membrane layer. In accordance with other examples,
the leaflet further comprises a layer of an elastomer and/or an elastomeric material
and/or a non-elastomeric material on the composite material. In accordance with
examples, the composite material comprises porous synthetic polymer membrane by
weight in a range of about 10% to 90%.

[000178] An example of a porous synthetic polymer membrane includes
expanded fluoropolymer membrane having a node and fibril structure defining the
pores and/or spaces. In some examples, the expanded fluoropolymer membrane is
expanded polytetrafluoroethylene (ePTFE) membrane. Another example of porous
synthetic polymer membrane includes microporous polyethylene membrane.

[000179] The elastomer and/or an elastomeric material and/or a non-
elastomeric material may be combined with the expanded fluoropolymer membrane
such that the elastomer and/or the elastomeric material and/or the non-elastomeric
material occupies substantially all of the void space or pores within the expanded
fluoropolymer membrane.

[000180] Examples of an elastomer and/or an elastomeric material and/or a

non-elastomeric material include, but are not limited to, copolymers of
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tetrafluoroethylene and perfluoromethyl vinyl ether (TFE/PMVE copolymer),
(perfluoroalkylvinyletners (PAVE), urethanes, silicones (organopolysiloxanes),
copolymers of silicon-urethane, styrene/isobutylene copolymers, polyiscbutylene,
polyethylene-co-poly(vinyl acetate), polyester copolymers, nylon copolymers,
fluorinated hydrocarbon polymers and copolymers or mixtures of each of the
foregoing. In some examples, the TFE/PMVE copolymer is an elastomer comprising
essentially of between 60 and 20 weight percent tetrafluoroethylene and respectively
between 40 and 80 weight percent perfluoromethyl vinyl ether. In some examples,
the TFE/PMVE copolymer is an elastomeric material comprising essentially of
between 67 and 61 weight percent tetrafluoroethylene and respectively between 33
and 39 weight percent perflucromethyl vinyl ether. In some examples, the
TFE/PMVE copolymer is a non-elastomeric material comprising essentially of
between 73 and 68 weight percent tetrafluoroethylene and respectively between 27
and 32 weight percent perflucromethyl vinyl ether. The TFE and PMVE com ponents
of the TFE-PMVE copolymer are presented in wt%. For reference, the wt% of PMVE
of 40, 33-39, and 27-32 corresponds to a mol% of 29, 23-28, and 18-22,
respectively.

[000181] In some examples, the TFE-PMVE copolymer exhibits elastomer,
elastomeric, and/or non-elastomeric properties.

[000182] In some examples, the composite material further comprises a layer
or coating of TFE-PMVE copolymer comprising from about 73 to about 68 weight
percent tetrafluorocethylene and respectively from about 27 to about 32 weight
percent perfluoromethyl vinyl ether.

[000183] In some examples, the leaflet is an expanded polytetraflucroethylene
(ePTFE) membrane having been imbibed with TFE-PMVE copolymer comprising
from about 60 to about 20 weight percent tetrafluoroethylene and respectively from
about 40 to about 80 weight percent perfluoromethyl vinyl ether, the leaflet further
including a coating of TFE-PMVE copolymer comprising from about 73 to about 68
weight percent tetrafluoroethylene and respectively about 27 to about 32 weight
percent perfluoromethyl vinyl ether on the blood-contacting surfaces.

[000184] As mentioned above, a prosthetic valve may include a valve frame,
one or more leaflets, and a jacket. In some examples, the jacket is disposed about
one or more portions of the valve frame and/or the leaflets. In some examples, the

jacket is coupled to the valve frame. As mentioned above, coupling the jacket with
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the valve frame may include one or more snap fit interfaces, welds, or other means
of attachment. In some such examples, the jacket includes a plurality of distinct
portions that are coupled together (either permanently or semi-permanently). In
these examples, it will be appreciated that, although the jacket is disposed about the
valve frame and a portion of one or more of the leaflets, the jacket and the valve
frame, or at least one or more portions thereof, remain unbonded.

[000185] In some examples, coupling the jacket with the valve frame includes
molding (e.g., insert molding or overmolding) the jacket over the valve frame (such
as through one or more heat and/or pressure molding processes). In such
examples, it is to be appreciated that the jacket may be molded and remain
unbonded to one or more of the valve frame and the leaflets, or alternatively may be
molded such that the jacket is bonded with one or more of the valve frame and the
leaflets. Bonding the jacket with one or more of the valve frame and the leaflets help
minimize cracks, crevices, and other structural aspects of the various interfaces
existing between the jacket, and the valve frame and leaflets. And, as mentioned
above, minimizing cracks, crevices, and other structural aspects help minimize a
potential for thrombus formation. In some examples, creating or forming a bond
between the jacket and the leaflets helps minimize a potential for the infiltration of
blood components into any space underneath or inside the jackets. In some
examples, creating or forming a bond between the jacket and the leaflets helps
maintain attachment between the leaflets and the leaflet frame 200. In some
examples, as mentioned above, creating or forming a bond between the jacket and
the leaflets helps provide a beneficial strain relief for the leaflets in the flexing
environment.

[000188] As mentioned above, the jackets described herein may be formed of
(and thus may be molded from) one or more of a variety of materials including, but
not limited to, silicone, Polyether ether ketone (PEEK), expanded
Polytetrafluoroethylene (ePTFE), Fluorinated ethylene propylene (FEP), copolymers
of tetrafluoroethylene (TFE) and perfluoromethyl vinyl ether (PMVE) (TFE-PMVE
copolymer), urethanes, polyimides, thermoplastics, thermosets, 3D printable metals
and polymers (stainless steel, titanium, etc.) nylon, or any other biocom patible
material suitable for long term blood contact that is dimensionally stable, and does

not leech contaminates.
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[000187] In some examples, as mentioned above, the jacket material may be
bonded with one or more of the leaflet material and the valve frame material. In
some examples, prior to molding the jacket over the valve frame and the leaflets,
one or more fluoropolymer adhesives/materials (e.g., FEP, low-melt FEP,
copolymers of tetrafluoroethylene (TFE) and perfluoromethyl vinyl ether (PMVE)
(TFE-PMVE copolymer), urethanes, thermoplastics, thermosets) may be prebonded
to one or more portions of each leaflet (avoids cracks and crevices) and/or one or
more portions of the valve frame. In such examples, the jacket material is bonded
with the prebonded adhesives/materials on the leaflet and/or the valve frame.

[000188] In some examples, the jacket material is integrated into the sewing
cuff during the molding process to provide for an integrated sewing cuff. For
instance, the sewing cuff may be provided in combination with the valve frame and
the leaflets (e.g., as shown in FIGs. 3A-3C) to form a valve assembly (e.g., as shown
in part of the exploded views of FIGs. 3A-3C), and the jacket material may be
applied thereto through one or more heat and/or pressure processes, as described
further below.

[000189] A method of making a prosthetic valve, in accordance various
embodiments, comprises forming (such as by cutting a metal tube, casting, molding,
printing, or the like) a leaflet frame defining leaflet frame windows and one or more
leaflet retention surfaces, having commissure posts therebetween, and a plurality of
projections spaced apart from each other extending from one or more leaflet
retention surfaces. Each leaflet frame projection is configured to couple to a leaflet.
The leaflet frame projections can have a projection base portion and a projection
head portion, where the projection base portion meets the leaflet retention surface at
one side and the projection head portion on the opposite side. Some embodiments
of the leaflet frame can further define one or more slots that extend through one or
more frame elements that define the leaflet frame windows. Each slot is dimensioned
to receive at least a single thickness of the leaflet, e.g., the leaflet attachment region.
The slot can be a base receiving slot or a side receiving slot. In addition, each
commissure post defines a post slot dimensioned to receive a double thickness of
the leaflet. In further embodiments, the frames can comprise one or more attachment
slots or other frame openings that defines an internal edge from which leaflet frame

projections can extend.
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[000190] The same or different method can comprise obtaining a sheet or tube
of material comprising one or more layers of expanded PTFE composite and cutting
a leaflet from the sheet or tube, where one or more apertures are formed in the
leaflet attachment region of the leaflet. The apertures can be cut to dimensions
suitable for coupling to a leaflet frame projection on a leaflet frame. In particular, the
aperture can have a size and shape that is substantially the same as a transverse,
cross-sectional size and shape of the projection base portion of the leaflet frame
projection. The method can further comprise coupling a leaflet reinforcement to the
leaflet and further, cutting the leaflet apertures into both the leaflet and the leaflet
reinforcement simultaneously.

[000191] In some examples, the method of making a prosthetic valve further
includes coupling the leaflet to the leaflet frame (also referred to herein as a valve
frame) to form a valve assembly. In some examples, the method may further include
associating a sewing cuff with the valve assembily to form a valve assembly including
a sewing cuff. In some examples, the sewing cuff may be coupled with the valve
assembly, such as via one or more sutures, or other means as discussed above. |n
some instances, the sewing cuff may be frictionally retained on the leaflet frame, or
disposed about a flange extending from the valve frame (e.g., as shown in FIGs. 9A-
10B), and then secured to the valve assembly during the overmolding process, for
example.

[000192] Referring now to FIGs. 11A and 11B, an example molding process for
forming a jacket about a valve assembly is shown and described. In some
examples, the method includes providing a valve frame assembly, as shown in step
1000 of FIG. 11A. As mentioned above, in some examples, providing the valve
frame assembly may include providing one or more of a valve frame, one or more
leaflets, and a sewing cuff. As show in FIG. 11B, a valve frame assembly 1200
includes a valve frame, a plurality of leaflets, and a sewing cuff.

[000193] In some examples, the method further includes providing an outflow
jacket portion (also referred to herein as a first portion of a jacket), as shown in step
1002 of FIG. 11A. The outflow jacket portion may include a polymeric material and
may be pre-formed, such as to generally conform to or compliment a shape of the
valve frame assembly. For example, as shown in FIG. 11B, an outflow jacket portion
1300 generally compliments a shaped of the valve frame assembly 1200. In some

examples, the outflow jacket portion may be pre-formed and configured to change
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shape slightly during the molding process to adopt the desired final shape, based at
least in part on a geometry of a molding assembly, as discussed further below and
as those of skill in the art should appreciate.

[0001924] In some examples, the method further includes providing an inflow
jacket portion (also referred to herein as a second portion of a jacket), as shown in
step 1004 of FIG. 11A. The inflow jacket portion may include a polymeric material
and may be pre-formed, such as to generally conform to or compliment a shape of
the valve frame assembly. For example, as shown in FIG. 11B, an inflow jacket
portion 1400 generally compliments a shape of the valve frame assembly 1200. In
some examples, the outflow jacket portion may be pre-formed and configured to
change shape slightly during the molding process to adopt the desired final shape,
based at least in part on a geometry of a molding assembly, as discussed further
below and as those of skill in the art should appreciate.

[000195] In some examples, the method further includes arranging the valve
frame assembly relative to the outflow and inflow jacket portions within a mold
assembly, as shown in step 1006 of FIG. 11A. For example, arranging the valve
frame assembly 1200 relative to the outflow and inflow jacket portions 1300 and
1400 may include situating the valve frame assembly 1200 between the outflow and
inflow jacket portions 1300 and 1400, as shown in FIG. 11B. It is to be appreciated
that the valve frame assembly 1200 and the outflow and inflow jacket portions 1300
and 1400 may be independently arranged within molding assembily (e.g.,
sequentially placed within a molding assembily), or the valve frame assembly 1200
and the inflow and outflow jacket portions 1300 may be arranged into an assembily,
and the assembly may then be placed within the molding assembly.

[000198] The mold assembly may include a housing and one or more forming
elements. For instance, as shown in FIG. 11B, the molding assembly includes a first
housing element 1100A, a second housing element 1100B, a first forming element
1100C, and a second forming element 1100D. The first and second housing
elements 1100A and 1100B are generally configured to withstand one or more of
heat and pressure during the molding process, and thus may generally comprise any
suitable size and shape conducive for accommodating the valve frame assembly
1200, the outflow and inflow jacket portions 1300 and 1400, and the first and second
forming elements 1100C and 1100D. The first forming element 1100C is shown as

including a geometry complementary of the valve frame assembly 1200 and the
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inflow jacket portion 1400. For example, as shown in FIG. 11B, the first forming
element 1100C includes features (e.g., surfaces) configured to provide support to the
leaflets of the valve frame assembly 1200 during the molding process. The first
forming element 1100C may be formed of silicone. Other non-limiting examples for
the forming element include Polyether ether ketone (PEEK), thermoplastics,
thermosets, Stainless Steel, Inconel. These materials may thus be soft or rigid
materials. More rigid materials provide that the jacket shape can be held constant,
while allowing the second forming element 1100D to expand to provide
molding/bonding pressure. Various other features of the first forming element 1100C
are configured to accommodate and provide support for the valve frame assembly
1200 and the inflow jacket portion 1400, as will be apparent to those of skKill in the art
when referring to FIG. 11B.

[000197] Additionally, in some examples, the first forming element 1100C also
includes a geometry that is complimentary of the desired size and shape of the
inflow side of the formed prosthetic valve (e.g., the size and shape of the inflow side
of the formed prosthetic valve after completion of the molding process). For
instance, in some examples, the first forming element 1100C may include one or
more features, profiles, or geometries corresponding with the desired final profile of
the prosthetic valve not otherwise present in or defined by the preformed inflow
jacket portion 1400. For example, the first forming element 1100C may include one
or more fillets that are not present in or defined by the preformed inflow jacket
portion 1400 (e.g., the preformed inflow jacket portion 1400 does not include any
fillets). Thus, it is to be appreciated that, during the molding process, the first
forming element 1100C operates to control or define a change in shape of the inflow
jacket portion 1400 (e.g., during the molding process, the preformed inflow jacket
portion 1400 changes shape slightly to define one or more fillets, the shape and size
of which are controlled or defined by the first forming element 1100C).

[000198] The second forming element 1100D is shown as including a geometry
complementary of the valve frame assembly 1200 and the outflow jacket portion
1300. For example, as shown in FIG. 11B, the second forming element 1100D
includes features (e.g., surfaces) configured to provide support to the leaflets of the
valve frame assembly 1200 during the molding process. The second forming
element 1100D may be formed of silicone. Similar to first forming element 1100C,

second forming element 1100D can be compliant or rigid, and may include the same
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materials discussed above with respect to first forming element 1100C. Silicone, for
example, expands during heating thereby providing molding/bonding pressure during
the manufacturing process. Various other features of the second forming element
1100D are configured to accommodate and provide support for the valve frame
assembly 1200 and the outflow jacket portion 1300, as will be apparent to those of
skill in the art when referring to FIG. 11B.

[000199] Additionally, in some examples, the second forming element 1100D
also includes a geometry that is complimentary of the desired size and shape of the
outflow side of the formed prosthetic valve (e.g., the size and shape of the outflow
side of the formed prosthetic valve after completion of the molding process). For
instance, in some examples, the second forming element 1100D may include one or
more features, profiles, or geometries corresponding with the desired final profile of
the prosthetic valve not otherwise present in or defined by the preformed outflow
jacket portion 1300. For example, the second forming element 1100D may include
one or more fillets that are not present in or defined by the preformed outflow jacket
portion 1300 (e.g., the preformed outflow jacket portion 1300 does not include any
fillets). Thus, it is to be appreciated that, during the molding process, the second
forming element 1100D operates to control or define a change in shape of the
outflow jacket portion 1300 (e.g., during the molding process, the preformed outflow
jacket portion 1300 changes shape slightly to define one or more fillets, the shape
and size of which are controlled or defined by the second forming element 1100D).

[000200] In some examples, the method further includes applying one or more
of heat and pressure to the molding assembly, as shown in step 1108 of FIG. 11A

[000201] Though the method of making a prosthetic valve discussed above
includes providing preformed outflow and inflow jacket portions 1300 and 1400 in
combination with the valve frame assembly 1200, it is to be appreciated that the
valve frame assembly (e.g., valve frame assembly 1200 may be provided within a
mold assembly without preformed outflow and/or inflow jacket portions, and the
jacket material may be injected into the mold assembly under one or more of heat
and pressure to form the prosthetic valve (e.g., an injection molding process).

[000202] The inventive concepts of this application have been described above
both generically and with regard to specific embodiments. It will be apparent to
those skilled in the art that various modifications and variations can be made in the

embodiments without departing from the scope of the disclosure. Thus, it is intended
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that the embodiments cover the modifications and variations of the inventive
concepts provided they come within the scope of the appended claims and their

equivalents.
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WHAT IS CLAIMED IS:

1. A prosthetic valve comprising:

a frame;
one or more leaflets attached to the frame; and
a jacket surrounding the frame and configured to cover at least one of gaps, spaces, or
interfaces in the frame, interfaces between the frame and the one or more
leaflets, or both the gaps and spaces, or interfaces in the frame and the
interfaces between the frame and the one or more leaflets to enhance the
biocompatibility of the frame, the jacket being molded to at least one of the frame
and the one or more leaflets and the one or more leaflets and the jacket are each
formed of a first material .
2. The prosthetic valve of claim 1, wherein the first material comprises a fluoropolymer.
3. The prosthetic valve of claim 1, wherein the jacket includes a first portion and a second
portion, and the first portion and the second portion are coupled together to join the jacket to the
frame.
4. The prosthetic valve of claim 3, wherein the first portion includes a first connector, the
second portion includes a second connector, wherein the first connector snaps together with the
second connector to join the first portion of the jacket with the second portion of the jacket.
5. The prosthetic valve of claim 3, wherein the first portion and the second portion are
secured together by at least one of swaging, an adhesive, a screw, and a rivet.
6. The prosthetic valve of any one of claims 1-5, further comprising a sewing cuff arranged
with the frame, wherein the jacket is configured to cover an interface between the sewing cuff
and the frame.
7. The prosthetic valve of claim 6, wherein the jacket is bonded to the sewing cuff.
8. The prosthetic valve of any one of claims 1-7, wherein the jacket is configured to avoid
thrombosis to enhance the biocompatibility of the frame.
9. The prosthetic valve of any one of claims 1-8, wherein the jacket is configured to block
tissue ingrowth into the one or more leaflets to enhance the biocompatibility of the prosthetic
valve.
10. The prosthetic valve of any one of claims 1-8, wherein the jacket is configured to
promote tissue ingrowth.
11. The prosthetic valve of any one of claims 1-10, wherein the jacket includes an outflow
edge and a transition between the one or more leaflets and the outflow edge includes a fillet.

12. The prosthetic valve of claim 11, wherein the fillet includes a nonlinear surface.
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13. The prosthetic valve of claim 11, wherein the fillet extends radially inwardly.
14. The prosthetic valve of any one of claims 3-13, wherein the first portion of the jacket
defines an outflow side of the prosthetic valve, and wherein a flange extends radially outwardly
from the first portion of the jacket.
15. The prosthetic valve of any one of claims 6-13, wherein a flange extends radially
outwardly from the jacket on an outflow side of the sewing cuff.
16. The prosthetic valve of claim 15, wherein the flange is longitudinally offset from the
sewing cuff.
17. The prosthetic valve of any one of claims 15 -16, wherein the flange is configured to
operate as a tissue ingrowth boundary to help obstruct tissue ingrowth into the one or more
leaflets.
18. The prosthetic valve of any one of claims 15-17, wherein the flange is positioned
between the sewing cuff and an outflow side of the one or more leaflets.
19. The prosthetic valve of any one of claims 1-18, wherein the jacket is formed of a rigid
material.
20. The prosthetic valve of claim 19, wherein the jacket is formed of a TFE-PMVE
copolymer.
21. The prosthetic valve of any one of claims 1-18, wherein a portion of the jacket is formed
of a flexible polymer.
22. The prosthetic valve of claim 21, wherein the flexible polymer is silicone.
23. The prosthetic valve of any one of claims 21-22, wherein another portion of the jacket is
formed of a rigid material.
24. The prosthetic valve of any one of claims 1-23, further comprising a conduit and wherein
the jacket is coupled to the conduit to form a valved conduit.
25. A prosthetic valve comprising:
a frame;
one or more leaflets attached to the frame to define one or more frame-to-leaflet
interfaces ; and
a jacket that encapsulates the one or more frame-to-leaflet interfaces and is configured
to isolate the interface from blood flow, the jacket including an outflow edge and
a transition between the one or more leaflets and the outflow edge includes a
fillet and the fillet extends radially inwardly.
26. The prosthetic valve of claim 25, wherein the jacket is configured to create tissue

ingrowth boundaries.

44

Date Regue/Date Received 2021-08-26



27. The prosthetic valve of any one of claims 25-26, wherein the jacket is configured to alter
the blood flow.

28. The prosthetic valve of any one of claims 25-27, further comprising a sewing cuff, and
the jacket is bonded to at least one of the frame, the leaflets, and the sewing cuff.

29. The prosthetic valve of any one of claims 25-28, wherein the jacket is overmolded over
the frame.

30. The prosthetic valve of any one of claims 25-29, wherein the jacket is configured to
promote tissue ingrowth.

31. The prosthetic valve of claim 30, wherein the jacket is configured to restrict the tissue
ingrowth to the frame without extending onto the one or more leaflets.

32. The prosthetic valve of any one of claims 30-31, wherein the jacket includes a surface
modification to promote tissue ingrowth.

33. The prosthetic valve of claim 25, wherein the fillet includes a nonlinear surface.

34. The prosthetic valve of claim 25, wherein the fillet extends radially inwardly.

35. The prosthetic valve of any one of claims 28-34, wherein a flange extends radially
outwardly from the jacket on an outflow side of the sewing cuff.

36. The prosthetic valve of claim 35, wherein the flange is longitudinally offset from the
sewing cuff.

37. The prosthetic valve of any one of claims 35-36, wherein the flange is configured to
operate as a tissue ingrowth boundary to help obstruct tissue ingrowth into the one or more
leaflets.

38. The prosthetic valve of any one of claims 35-37, wherein the flange is positioned
between the sewing cuff and an outflow side of the one or more leaflets.

39. A prosthetic valve comprising:

a frame;

one or more leaflets attached to the frame;

a jacket surrounding the frame and configured to cover at least one of gaps, spaces,
or interfaces in the frame, and interfaces between the frame and the one or more
leaflets, or both the gaps, spaces, or interfaces in the frame and the interfaces
between the frame and the one or more leaflets to enhance the biocompatibility
of the frame; and

a sewing cuff arranged with the frame, wherein the jacket is configured to cover an

interface between the sewing cuff and the frame.
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