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MEDICAL VALVE AND LEAFLET PROMOTING TISSUE INGROWTH

ABSTRACT

Described embodiments are directed toward centrally-opening leaflet prosthetic valve
devices (100) having synthetic leaflets (310) that are configured to promote and encourage tissue
ingrowth thereon and/or therein. The leaflets (310) are coupled to a leaflet frame (200) to form a

prosthetic valve suitable for use in biological anatomy.
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MEDICAL VALVE AND LEAFLET PROMOTING TISSUE INGROWTH

Cross-Reference to Related Applications

[0001] This application is a divisional application of Australian Patent Application No.
2021286397, which in turn is a divisional application of Australian Patent Application No.

2018362079, the entire disclosures of each of which are incorporated herein by reference.

Field

[0002] The present disclosure relates generally to prosthetic valves and more specifically to

flexible synthetic leaflets for use in prosthetic heart valve devices.

Background

[0003] A number of fabrication techniques have been used to manufacture synthetic leaflets for
use in prosthetic valves. In many cases, the resulting leaflet is supported on a prosthetic valve
frame and defines a flap having a mounting edge where the leaflet is coupled to the prosthetic
valve frame and a free edge that allows the flap to move. These prosthetic valve frames may
include one, two, three, or more than three leaflets. The leaflet generally moves or transitions
between open and closed configurations under the influence of fluid pressure in a patient’s
anatomy. In operation, the leaflets open when the fluid pressure on the inflow side of the
prosthetic valve (e.g., upstream of the prosthetic valve) exceeds the fluid pressure on the outflow
side of the prosthetic valve (e.g., downstream of the prosthetic valve) and closes when the fluid
pressure on the outflow side of the prosthetic valve exceeds the fluid pressure on the inflow side
of the prosthetic valve. The free edges of the leaflets coapt (either partially or completely) under
the influence of downstream fluid pressure, which operates to minimize or prevent downstream
blood from flowing retrograde through the prosthetic valve. Generally, the term “distal” is used
in the disclosure to refer to the outflow end (distal end) or outflow direction of a prosthetic
valve, and in turn the term “proximal” is used to refer to the inflow end of a prosthetic valve, or

a direction opposite the direction of primary flow through the prosthetic valve.

[0004] The tissue response associated with the implantation of conventional prosthetic heart
valves with synthetic leaflets can lead to a number of known complications, as well as decreased

leaflet performance in some instances. It is believed that conventional leaflet designs that
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include materials that are impermeable or otherwise inhibitory to cellular tissue ingrowth
perpetually traumatize endothelial cells surrounding the valve and/or leaflet, causing
inflammation and promoting platelet activation. One potential result of this response by the

body is thrombus formation, which can lead to a number of known complications.

Summary of Invention

[0005] It is an object of the present invention to substantially overcome or ameliorate at least

one drawback of present arrangements, or provide a useful alternative.

[0006] According to one aspect, the present invention provides a tissue ingrowth composite
material for implantable heart valves, the tissue ingrowth composite material comprising:

a base layer including an expanded fluoropolymer membrane having a plurality of spaces
formed within a matrix of fibrils; and

a fluoroelastomer imbibed into the expanded fluoropolymer membrane, the
fluoroelastomer including tetrafluoroethylene and perfluoromethyl vinyl ether (TFE/PMVE
copolymer), the TFE/PMVE copolymer comprising from 67 to 61 weight percent

tetrafluoroethylene and from 33 to 39 weight percent perfluoromethyl vinyl ether.

[0007] According to another aspect, the invention provides a tissue ingrowth composite material
for implantable heart valves, the tissue ingrowth composite material comprising:

a base layer including an expanded fluoropolymer membrane having a plurality of spaces
formed within a matrix of fibrils;

a fluoroelastomer imbibed into the expanded fluoropolymer membrane; and

a layer of tetrafluoroethylene and perfluoromethyl vinyl ether (TFE/PMVE copolymer)
comprising from about 73 to 68 weight percent tetrafluoroethylene and from about 27 to 32

weight percent perfluoromethyl vinyl ether.

[0008] According to one example, (“Example 17), there is provided a prosthetic valve, including
a leaflet frame; a leaflet construct including a synthetic leaflet, each leaflet including a portion
configured to promote tissue ingrowth thereon such that tissue is encouraged to grow between

the leaflet frame and the leaflet.
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[0009] According to an example, (“Example 2”), further to Example 1, the leaflet includes a
tissue ingrowth curtain coupled to an underlying leaflet base, wherein the tissue ingrowth

curtain is configured to promote tissue ingrowth.

[0010] According to another example, (“Example 3”) further to Example 2, the leaflet includes
a plurality of tissue ingrowth curtains coupled to the underlying leaflet base, wherein each tissue
ingrowth curtain of the plurality of tissue ingrowth curtains is configured to promote tissue

ingrowth.

[0011] According to another example, (“Example 4”) further to Example 3, the plurality of
ingrowth curtains includes a first tissue ingrowth curtain and a second tissue ingrowth curtain,
wherein the first tissue ingrowth curtain is coupled to a first side of the underlying leaflet base of
the leaflet, and wherein the second tissue ingrowth curtain is coupled to a second side of the

underlying leaflet base of the leaflet.

[0012] According to another example, (“Example 57) further to Examples 2 to 4, the tissue

ingrowth curtain comprises a porous membrane.

[0013] According to another example, (“Example 6”) further to Example 5, the tissue ingrowth

curtain comprises a fluoropolymer membrane.

[0014] According to another example, (“Example 7”) further to Example 6, the fluoropolymer

membrane includes an expanded fluoropolymer.

[0015] According to another example, (“Example 8”) further to Example 7, the expanded

fluoropolymer membrane comprises ePTFE.

[0016] According to another example, (“Example 97) further to Examples 2 to 8, the tissue

ingrowth curtain is bonded to the underlying leaflet base.

[0017] According to another example, (“Example 10”) further to any of the preceding

Examples, the leaflet frame is configured to promote tissue ingrowth.

[0018] According to another example, (“Example 117 further to any of the preceding

Examples, tissue is encouraged to grow across the leaflet frame onto the leaflet.
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[0019] According to another example, (“Example 12”) further to any of the preceding

Examples, the leaflet frame is covered with a tissue ingrowth promoting material.

[0020] According to another example, (“Example 13”) further to Example 11, the tissue

ingrowth promoting material is a fabric.

[0021] According to another example, (“Example 14”) further to Examples 2 to 13, the tissue

ingrowth curtain is coupled to the underlying leaflet base with an adhesive.

[0022] According to another example, (“Example 15”) further to any of the preceding
Examples, the leaflet includes a porous membrane having a first zone and a second zone,
wherein a first elastomeric material is contained within the first zone of the porous membrane of
the leaflet, and wherein the second zone of the porous membrane of the leaflet is free of the first

elastomeric material.

[0023] According to another example, (“Example 16) further to Example 15, the tissue

ingrowth curtain is coupled to the second zone of the porous membrane of the leaflet.

[0024] According to another example, (“Example 17”°) further to Example 16, the tissue
ingrowth curtain is coupled to the second zone of the porous membrane of the leaflet with an

adhesive.

[0025] According to another example, (“Example 18”) further to Examples 15 to 17, the porous
membrane of the leaflet includes a first side and a second side and wherein the tissue ingrowth
curtain completely covers the second zone of the porous membrane of the leaflet on the first side

of the porous membrane of the leaflet.

[0026] According to another example, (“Example 19”’) further to Examples 15 to 18, the porous

membrane is a fluoropolymer membrane.

[0027] According to another example, (“Example 20”’) further to Example 19, the

fluoropolymer membrane includes an expanded fluoropolymer.

[0028] According to another example, (“Example 21”°) further to Example 20, the expanded

fluoropolymer comprises ePTFE.
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[0029] According to another example, (“Example 22”°) further to Examples 15 to 21, the first

elastomeric material is silicone.

[0030] According to another example, (“Example 23”) further to Examples 15 to 21, the first

clastomeric material is a fluoroelastomer.

[0031] According to another example, (“Example 24”) further to Examples 15 to 21, wherein

the first elastomer is a urethane.

[0032] According to another example, (“Example 25”) further to Examples 15 to 21, the first

elastomeric material is a TFE/PMVE copolymer.

[0033] According to another example, (“Example 26”) further to Examples 15 to 25, a second

elastomeric material is contained within the first zone of the porous membrane of the leaflet.

[0034] According to another example, (“Example 27”’) further to any of the preceding
Examples, the tissue ingrowth curtain is coupled to the underlying leaflet base with an adhesive
such that the adhesive forms a transition between one or more edges of the tissue ingrowth

curtain and the underlying leaflet base.

[0035] According to another example, (“Example 87”) further to Example 27, a fillet is formed

across a transition between the tissue ingrowth curtain and the leaflet base.

[0036] According to another example, (“Example 29”), there is provided a method of forming a
synthetic leaflet including providing a first synthetic porous membrane; imbibing one or more
portions of the first porous membrane with one or more filler materials such that one or more of
the imbibed portions or areas are rendered unsuitable for supporting or promoting tissue
ingrowth; providing a second synthetic porous membrane that is suitable for promoting tissue

ingrowth thereon; and securing the second porous membrane to the first porous membrane.

[0037] According to yet another example, (“Example 30”), there is provided a method of
forming a synthetic leaflet including providing a synthetic porous membrane, the porous
membrane including a first zone and a second zone, the first and second zones being suitable for

promoting tissue ingrowth thereon; imbibing a first zone of the porous membrane with a filler
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material such that imbibed first portion of the porous membrane is rendered unsuitable for

supporting or promoting tissue ingrowth thereon.

[0038] According to a further example, (“Example 317), there is provided a method of treating a
failing or dysfunctional native valve with a prosthetic valve, the method comprising: replacing
the native valve with a prosthetic valve in accordance with the prosthetic valve as described

herein.

[0039] While multiple embodiments are disclosed, still other embodiments will become
apparent to those skilled in the art from the following detailed description, which shows and
describes illustrative embodiments. Accordingly, the drawings and detailed description are to be

regarded as illustrative in nature and not restrictive.

Brief Description of Drawings

[0040] 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.

[0041] FIG. 1A is an outflow side isometric view of a prosthetic heart valve in accordance with

an embodiment;

[0042] FIG. 1B is an inflow side isometric view of the embodiment of the valve of FIG. 1A;

[0043] FIG. 2 is a front view of a leaflet construct, according to some embodiments;

[0044] FIG. 3 is a representation of the leaflet frame shown in FIG. 2 that has been unrolled to a

flat orientation, according to some embodiments;

[0045] FIG. 4 is a magnified view of circle 4 in FIG. 3;

[0046] FIG. 5 is a representation of a leaflet, according to some embodiments;

[0047] FIG. 6 is a cross section view of the leaflet shown in FIG. 4, taken along line 6—6,

according to some embodiments;
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[0048] FIG. 7A is a cross section view of a leaflet, according to some embodiments;

[0049] FIG. 7B is a cross section view of a leaflet, according to some embodiments;

[0050] FIG. 7C is a cross section view of a leaflet, according to some embodiments;

[0051] FIG. 8A is a top view of a leaflet, according to some embodiments;

[0052] FIG. 8B is a top view of a leaflet, according to some embodiments;

[0053] FIG. 8C is a cross section view of the leaflet shown in FIG 8A taken along line 8C—8C,

according to some embodiments;

[0054] FIG. 9 is a top view of a leaflet, according to some embodiments;

[0055] FIG. 10 is a top view of a leaflet, according to some embodiments;

[0056] FIG. 11 is a top view of a leaflet, according to some embodiments;

[0057] FIG. 12 is a top view of a leaflet, according to some embodiments;

[0058] FIG. 13 is a top view of a leaflet, according to some embodiments;

[0059] FIG. 14 is a top view of a leaflet, according to some embodiments;

[0060] FIG. 15 is a cross section view of the leaflet shown in FIG 14 taken along line 15—15,

according to some embodiments;

[0061] FIG. 16 is a cross section view of a leaflet, according to some embodiments;

[0062] FIG. 17 is a top view of a leaflet, according to some embodiments;

[0063] FIG. 18 is a cross section view of the leaflet shown in FIG 17 taken along line 18—18,

according to some embodiments;

[0064] FIG. 19 is a top view of a leaflet, according to some embodiments;
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[0065] FIG. 20 is a cross section view of the leaflet shown in FIG 19 taken along line 20—20,

according to some embodiments;

[0066] FIG. 21 is a top view of a leaflet, according to some embodiments;

[0067] FIG. 22 is a cross section view of the leaflet shown in FIG 21 taken along line 22—22,

according to some embodiments;

[0068] FIG. 23 is a cross section view of a leaflet, according to some embodiments;

[0069] FIG. 24 is a cross section view of a leaflet, according to some embodiments;

[0070] FIG. 25 is a top view of the outflow side of a prosthetic valve, according to some

embodiments;

[0071] FIG. 26 is a top view of the outflow side of a prosthetic valve, according to some

embodiments;

[0072] FIG. 27 is a cross section view of the prosthetic valve shown in FIG 25 taken along line

27—27, according to some embodiments;

[0073] FIG. 28A is a top view of an outflow side of another prosthetic valve, according to some

embodiments; and

[0074] FIG,. 28B is a side view of a frame of the prosthetic valve shown in FIG. 28A;

[0075] FIGS. 29 and 30 are illustrative of methods of delivering prosthetic valves to treatment

locations, according to some embodiments.

Description of Embodiments

[0076] Persons skilled in the art will readily appreciate that various aspects of the present
disclosure can be realized by any number of methods and apparatus configured to perform the
intended functions. Stated differently, other methods and apparatus can be incorporated herein
to perform the intended functions. It should also be noted that the accompanying drawing

figures referred to herein are not necessarily drawn to scale, but may be exaggerated to illustrate
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various aspects of the present disclosure, and in that regard, the drawing figures should not be

construed as limiting.

[0077] Although the embodiments herein may be described in connection with various
principles and beliefs, the described embodiments should not be bound by theory. For example,
embodiments are described herein in connection with prosthetic valves, more specifically
cardiac prosthetic valves. However, embodiments within the scope of this disclosure can be
applied toward any valve or mechanism of similar structure and/or function. Furthermore,

embodiments within the scope of this disclosure can be applied in non-cardiac applications.

[0078] The term leaflet as used herein in the context of prosthetic valves is a flexible component
of a one-way valve wherein the leaflet is operable to move between an open and closed position
under the influence of a pressure differential. In an open position, the leaflet allows blood to
flow through the valve. In a closed position, so as to block or occlude the valve orifice and
partially or entirely prevent flow in response to differential fluid pressure. It will be appreciated
that, in some instances, coaptation of adjacent leaflets may operate to completely block the flow
of fluid (e.g., blood) through the prosthetic valve, while in others coaptation of adjacent leaflets
may operate to block less than all of the flow of fluid (e.g., blood) through the prosthetic valve.

[0079] In embodiments comprising multiple leaflets, each leaflet generally cooperates with at
least one neighboring or adjacently situated leaflet to block or restrict the retrograde flow of
blood. The pressure differential in the blood is caused, for example, by the contraction of a
ventricle or atrium of the heart, such pressure differential typically resulting from a fluid
pressure building up on one side of the leaflets when closed. As the pressure on the inflow side
of the valve rises above the pressure on the outflow side of the valve, the leaflets open and blood
flows therethrough. As blood flows through the valve into a neighboring chamber or blood
vessel, the pressure on the inflow side equalizes with the pressure on the outflow side. As the
pressure on the outflow side of the valve raises above the blood pressure on the inflow side of
the valve, the leaflet returns to the closed position generally preventing retrograde flow of blood

through the valve.

[0080] The embodiments and examples discussed herein include various apparatus, systems,
and methods for a prosthetic valve, such as, but not limited to, cardiac valve replacement. In

some examples, the prosthetic valve is operable as a one-way valve wherein the prosthetic valve
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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. In the instant disclosure,
the examples are primarily described in association with prosthetic valves or mechanisms of
similar structure and/or function, including surgically implanted valves, although it should be
readily appreciated features of such examples are equally applicable to transcatheter cardiac

valve applications.

[0081] FIGS. 1A and 1B are outflow and inflow, respectfully, views of a prosthetic valve 100 in
the form of a prosthetic heart valve, in accordance with an embodiment. The components of the
prosthetic valve 100 shown in FIGS. 1A and 1B include a leaflet frame 200 and a plurality of
leaflets 310 coupled to the leaflet frame 200. In some examples, the prosthetic valve 100

includes a sewing cuff 400.

[0082] The leaflet frame 200 is operable to hold and support the leaflets 310. Examples of
suitable leaflet frame constructions and sewing cuffs are illustrated and described in U.S. Patent
Application Nos. 13/833,650, 14/973,589, and 14/853,654, the contents of each of which are
incorporated herein by reference. It will be appreciated that the leaflet frame 200 can be etched,
cut, laser cut, stamped, or three-dimensional printed, among other suitable processes, into an
annular structure or a sheet of material, with the sheet then formed into an annular structure. In
various examples, the leaflet frame 200 can comprise, such as, but not limited to, any
biocompatible and elastically deformable metallic or polymeric material including a shape-
memory material, such as nitinol, a nickel-titanium alloy. Other materials suitable for the leaflet
frame 200 include, but are not limited to, other titanium alloys, stainless steel, cobalt-nickel
alloy, polypropylene, polyethylene terephthalate, PEEK, acetyl homopolymer, acetyl
copolymer, other alloys, polymers, and thermoplastics, or any other material that is generally
biocompatible having adequate physical and mechanical properties to function as a leaflet frame

200 as described herein.

[0083] In various embodiments, one or more portions of the leaflet frame 200 may be covered
with material suitable for promoting tissue ingrowth. For example, the leaflet frame 200 can be
wrapped with a material, suitable for promoting tissue ingrowth. In various examples, such
tissue ingrowth promoting materials can be applied to leaflet frame 200 entirely, or alternatively
to less than all of the leaflet frame 200. For example, suitable materials for promoting tissue

ingrowth could be coupled to the leaflet frame inner surface and the leaflet frame outer surface
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of the leaflet frame and optionally between the leaflet frame projections prior to leaflet
attachment. Some nonlimiting examples of materials that can be applied to the leaflet frame 200
(or other portions of the prosthetic valve 100) include expanded polytetrafluoroethylene
(ePTFE), such as an ePTFE membrane, fabric, film, or coating, and a polyethylene terephthalate
fabric (e.g., Dacron fabric).

[0084] The leaflets 310 are coupled to the leaflet frame 200 such that they each generally extend
radially inwardly from the leaflet frame 200 toward a triple point 348, as shown in FIG. 1A.
FIGS. 2 to 3 show a leaflet 310, according to some embodiments. FIG. 2 is a front view of a
leaflet construct 300 including a plurality of leaflets 310. FIG. 3 is a representation of the leaflet
construct 300 shown in FIG. 2 that has been longitudinally cut, opened, and laid flat to better
illustrate the features of the leaflets 310. It should be appreciated that the location and
illustration of the cut made through the leaflet in FIG. 3 is for illustration purposes only and
should not be construed as limiting. It should also be appreciated that while the embodiments
and examples discussed herein include prosthetic valves that includes multiple leaflets, and
leaflet constructs that are comprised of multiple leaflets, the tissue ingrowth curtains and
imbibing techniques discussed herein may be applied to synthetic leaflets for prosthetic valves

incorporating one, two, three, or more than three leaflets.

[0085] FIGS. 3 to 5 show several nonlimiting exemplary leaflet configurations. FIG. 4 is a
magnified top view of the circle of FIG. 3, and shows one of the leaflets 310 of the leaflet
construct 300 of FIG. 3. FIG. 5 is a top view of an alternative leaflet 510 for a prosthetic valve
configuration wherein each leaflet 510 of the prosthetic valve forms an independent monolithic
component that is coupled to a leaflet frame of a prosthetic valve independent of any other
leaflets of the prosthetic. In a flat configuration, both leaflets 310 and 510 are generally
configured in a shape of an isosceles trapezoid with bowed sides, as shown. It will be
appreciated, however, that the leaflets adopt a different shape when applied to a leaflet frame of
a prosthetic valve (see, e.g., FIGS. 1A and 1B). For example, a shape adopted by a leaflet when
coupled to a leaflet frame is determined, at least in part, by a shape of the leaflet frame, a shape
of the portion of the leaflet attached to the leaflet frame, and a fluid pressure that the leaflet
encounters during operation, among other factors. In some examples, a shape of a leaflet may be
influenced or altered by other techniques, such as, but not limited to, leaflet molding and shape-

setting.
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[0086] With specific reference now to FIG. 4, each of the leaflets 310 generally includes a
leaflet attachment region 330, a leaflet belly region 322, and a leaflet free edge 312. In some
examples, the leaflet belly region 322 terminates at the leaflet free edge 312. In some examples,
the leaflet belly region 322 additionally or alternatively terminates at the leaflet attachment
region 330. In some examples, a leaflet base 325 is defined at an intersection between the leaflet
attachment region 330 and the leaflet belly region 322. In various examples, the leaflet belly
region 322 of the leaflet 310 is the operating portion of the leaflet 310 when assembled into a
prosthetic valve 100. In various examples, the leaflet attachment region 330 corresponds to the
portion of the leaflet 310 configured for attachment to the leaflet frame 200. In some examples,
the leaflet attachment region 330 extends around a portion of a periphery of the leaflet 310 and
terminates into the leaflet free edge 312 on an opposing side of a center point of the leaflet free
edge. In various examples, the leaflet attachment region 330 borders the leaflet belly region 322.
In some examples, the leaflet 310 can be configured to wrap around one or more portions of the
leaflet frame 200. Some examples of suitable methods for attaching the leaflet 310 to the leaflet
frame 200 are illustrated and described in U.S. Patent Application Nos. 13/833,650, 14/973,589,
and 14/853,654, mentioned above.

[0087] The leaflet 510 shown in FIG. 5 similarly includes a leaflet attachment region 530, a
leaflet belly region 522, a leaflet free edge 512, and a leaflet base 525 defined at an intersection
between the leaflet attachment region 530 and the leaflet belly region 522. As shown in FIG. 5,
the leaflet 510 includes a tissue ingrowth curtain 532 that extends into the leaflet belly region
522 such that a boundary 534 is defined at an intersection of the tissue ingrowth curtain 532 and
the leaflet belly region 522. Additionally, as shown, the leaflet 510 includes one or more
features for securing the leaflet 510 to a corresponding leaflet frame. Though illustrated in FIG.
5 as a leaflet aperture 508, it will be appreciated that these features for securing the leaflet 510 to
a corresponding leaflet frame may take any alternative suitable form without departing from the
spirit or scope of the present disclosure. It will also be appreciated that, while not illustrated
with such, the leaflet 510 may include similar features (e.g., leaflet apertures) for securing the

leaflet 510 to the corresponding leaflet frame 200.

[0088] In accordance with various embodiments, the various leaflet constructs discussed herein
including the leaflets are synthetic in that the leaflets and the various other portions of the leaflet
constructs comprise one or more biocompatible materials that are not of a biological source and

that are sufficiently compliant and strong for the particular purpose, such as a biocompatible
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polymer. In some embodiments, the leaflets comprise a membrane that is combined with an
elastomeric material, such as a fluoroelastomer, to form a composite material, as disclosed
herein. It will be appreciated that while various examples are discussed with regard to leaflet
constructs 300 and 900, the various examples and embodiments discussed herein may be
universally applied across each of the leaflet constructs and/or the various components of the

leaflet constructs discussed herein.

[0089] In some examples, the leaflet construct 300 including leaflets 310 can be made by
starting from a cylinder of polymer material that has been cut into a shape like that shown in
FIGS. 2 and 3. In some other examples, a plurality of leaflets 310 are made from a sheet of
polymer material that has been cut into a shape like that shown in FIG. 4 and subsequently
coupled together into an annular shape like that shown in FIGS. 2 and 3. In some other
examples, the leaflet construct 300 and/or the leaflets 310 may be formed by way of one or more

compression or injection molding processes.

[0090] As mentioned above, the leaflets 310 are generally formed as a synthetic composite
material. In various embodiments, the leaflets 310 include an underlying synthetic leaflet base
material combined with a tissue ingrowth curtain that may be incorporated into the leaflet base
material and/or coupled with the leaflet base material as explained further below. In some
examples, the composite material forming the underlying synthetic leaflet base includes an
expanded fluoropolymer membrane, which comprises a plurality of spaces within a matrix of
fibrils, and an elastomeric material such as a fluoroelastomer imbibed or otherwise incorporated
into the expanded fluoropolymer membrane. In some examples, the underlying leaflet base
includes an imbibed porous monolayer. It will be appreciated that multiple types of
fluoropolymer membranes and multiple types of elastomeric materials (and non-elastomeric
materials) can be combined to form a composite material of the underlying leaflet base while
remaining within the spirit and 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 spirit and scope of the present disclosure.

[0091] Further examples include a leaflet construct 300 comprising at least one fluoropolymer
membrane layer, wherein the leaflet construct 300 comprises a composite having more than one

fluoropolymer membrane layer, and wherein the at least one fluoropolymer membrane layer is
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an expanded fluoropolymer membrane layer. In some examples, the leaflet construct 300
comprises a composite material having at least one fluoropolymer membrane layer having a
plurality of pores and an elastomer and/or an elastomeric material present in the pores of at least

one of the fluoropolymer membrane layers.

[0092] In various examples, any of the leaflet constructs described herein (e.g., leaflet construct)
may be formed of a biocompatible, synthetic material (e.g., including ePTFE and ePTFE
composites, or other materials as desired). Other biocompatible 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.

[0093] 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 properties not similar to either an elastomer or elastomeric material, that is,

considered not an elastomer or elastomeric material.

[0094] In accordance with some embodiments herein, the leaflet construct 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 construct 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 some examples, the composite material comprises

porous synthetic polymer membrane by weight in a range of about 10% to 90%.

[0095] 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)
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membrane. Another example of porous synthetic polymer membrane includes microporous

polyethylene membrane.

[0096] Examples of an elastomer and/or an elastomeric material and/or a non-elastomeric
material include, but are not limited to, copolymers of tetrafluoroethylene and perfluoromethyl
vinyl ether (TFE/PMVE copolymer), (per)fluoroalkylvinylethers (PAVE), 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. 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 perfluoromethyl 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
perfluoromethyl vinyl ether. The TFE and PMVE components 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.

[0097] In some examples, the TFE-PMVE copolymer exhibits elastomer, elastomeric, and/or

non-elastomeric properties.

[0098] 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 tetrafluoroethylene and

respectively from about 27 to about 32 weight percent perfluoromethyl vinyl ether.

[0099] In some examples, the leaflet construct is an expanded polytetrafluoroethylene (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 construct 300 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.
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[0100] As discussed above, 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.

[0101] In accordance with an embodiment, the composite material can include an expanded
fluoropolymer material made from porous ePTFE membrane, for instance as generally described

in U.S. Patent No. 7,306,729 to Bacino.

[0102] 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 Baillie, U.S. Patent No. 7,531,611, to Sabol et al., U.S.
Patent Application No. 11/906,877, to Ford, and U.S. Patent Application No. 12/410,050, to Xu

et al,

[0103] In various embodiments, the leaflet 310 is constructed in a manner that promotes tissue
ingrowth. In some embodiments, the leaflet 310 may be constructed to encourage tissue
ingrowth and proliferation across one or more discrete regions, portions, or sections of one or
more of the materials forming the leaflet 310, or alternatively across an entirety of one or more
of the materials forming the leaflet 310. Tissue ingrowth and proliferation may be promoted on
an outflow side or surface of the leaflet 310, and/or on an inflow side or surface of the leaflet

310, and/or within one or more materials forming the leaflet.

[0104] According to some examples, as will be discussed in greater detail below, this promotion
of tissue ingrowth is facilitated by the coupling of one or more synthetic tissue ingrowth curtains
to one or more underlying leaflet base materials such that tissue is encouraged to grow (or is not
otherwise prevented or inhibited from growing) into and/or onto the one or more tissue ingrowth
curtains. That is, in some examples, one or more layers configured to promote tissue ingrowth
may be applied to an underlying leaflet structure or material. In some examples, as described
herein, the underlying leaflet structure or material may be configured to inhibit or prevent tissue

ingrowth.
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[0105] Additionally or alternatively, in some examples, this promotion of tissue ingrowth is
facilitated by selectively imbibing, such as with one or more fluoroelastomers, one or more
portions of the one or more materials forming the leaflet 310. That is, in some examples, in
addition to or as an alternative to coupling one or more synthetic tissue ingrowth curtains to one
or more underlying leaflet base materials, the underlying leaflet base materials themselves are
configured to promote or accommodate tissue ingrowth. In some such examples, as discussed in
greater detail below, underlying leaflet base materials are configured such that tissue is
encouraged to grow (or is not otherwise prevented or inhibited from growing) into and/or onto
one or more discrete or designated sections, portions, or regions of the one or more underlying

leaflet base materials.

[0106] In various embodiments, the tissue ingrowth curtain generally includes an expanded
fluoropolymer membrane, which comprises a plurality of spaces within a matrix of fibrils, and
that is suitable for promoting and supporting the ingrowth of tissue. Other nonlimiting example
materials include other biocompatible porous materials such as knit PTFE. However, as
mentioned above, and as discussed in greater detail below, in some examples the tissue ingrowth

curtain(s) may be applied to the underlying leaflet base in the form of one or more coatings.

[0107] In some examples, the tissue ingrowth curtain includes an expanded fluoropolymer
material made from a porous ePTFE membrane. However, it will be appreciated that the tissue
ingrowth curtain may be formed from a number of different types of membranes, including
other fluoropolymer membranes, and other biocompatible porous materials such as knit PTFE.
For instance, the expandable fluoropolymer can comprise PTFE homopolymer. In some
examples, the tissue ingrowth curtain can be formed from copolymers of hexafluoropropylene
and tetrafluoroethylenethe, such as Fluorinated Ethylene Propylene (FEP). In some examples,
blends of PTFE, expandable modified PTFE and/or expanded copolymers of PTFE can be used.
It will thus be appreciated that the tissue ingrowth curtain may be formed from a variety of
different polymeric materials, provided they are biocompatible and possess or are modified to
include a suitable microstructure suitable for promoting or supporting tissue ingrowth. In
various examples, the tissue ingrowth curtains may range in thickness from between one

microns and four hundred microns depending on the selected material.

[0108] In some examples, the polymeric material may include one or more naturally occurring

and/or one or more artificially created pores, reliefs, or channels for supporting tissue ingrowth.
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Other biocompatible porous materials which can be suitable for use forming the tissue ingrowth
curtain include but are not limited to the groups of urethanes, fluoropolymers,
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, for example.

[0109] Turning now to FIG. 6 and FIGS. 7A to 7C, in various examples, one or more synthetic
tissue ingrowth curtains 332 are applied to a leaflet base 320. FIG. 6 is a cross section view of
the leaflet 310. FIGS. 7A to 7C are cross section views (similar to that of FIG. 6) of the leaflet
710. FIG. 7B, for example, is a cross section view of the leaflet 710 of FIG. 9 taken along line
7B—T7B. FIGs. 7A and 7C are cross section views similar to that of FIG. 7C except that the
leaflets 710 shown in FIGs. 7A and 7C include alternative configurations for applying a tissue

ingrowth curtain 732 to the underlying leaflet base 720.

[0110] As shown in FIGS. 4 and 6, the leaflet 310 includes a leaflet base 320 and a tissue
ingrowth curtain 332, As discussed above, in various examples, the tissue ingrowth curtain 332
is applied to a portion of less than all of the leaflet base 320. For example, as shown in FIGS. 4
and 6, the tissue ingrowth curtain 332 extends from an edge 314 of the leaflet 310 opposite the
leaflet free edge 312, and extends onto the leaflet belly region 322 toward the leaflet free edge
312. In various examples, the tissue ingrowth curtain 332 extends onto or across a portion of the
leaflet belly region 322 and terminates thereon such that a boundary 334 is defined at an
intersection between the tissue ingrowth curtain 332 and the leaflet belly region 322. As shown
in FIG. 4, the boundary 334 is generally complimentary to the edge 314, however, as discussed
below, other configurations are contemplated. As discussed further below with regard to FIGS.
8 to 13, the leaflet 310 can be configured with the tissue ingrowth curtain terminating in the
leaflet belly region 322 such that the boundary 334 adopts virtually any linear or nonlinear,

continuous, or discontinuous (e.g., multiple boundaries) profile.

[0111] Moreover, as discussed above and as shown in FIG. 6, the leaflet 310 includes a plurality
of tissue ingrowth curtains, such as tissue ingrowth curtain 332a and tissue ingrowth curtain
332b. That is, the leaflet 310 is configured with tissue ingrowth curtains disposed on both an
inflow side 316 and an outflow side 318 of the leaflet 310. Thus, it will be appreciated that the
leaflet 310 can be constructed with a tissue ingrowth curtain 332 coupled to or otherwise

disposed over one or more portions of one or both sides of the leaflet base 320. As shown, the
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first tissue ingrowth curtain 332a is coupled to or otherwise disposed over the inflow side 316 of
the leaflet base 320 and the second tissue ingrowth curtain 332b is coupled to or otherwise

disposed over the outflow side 318 of the leaflet base 320.

[0112] While the leaflet 310 is shown in FIG. 6 as including first and second tissue ingrowth
curtains 332a and 332b disposed over a first side (e.g., an inflow side 316) and a second side
(e.g., an outflow side 318), respectively, it should be appreciated that in various other examples,
the leaflet 310 may be constructed such that a tissue ingrowth curtain is disposed on only one of
the first side and second sides 316 and 318 of the leaflet base 320. For example, as shown in
FIG. 7A, aleaflet 710 includes an underlying leaflet base 720 and a first tissue ingrowth curtain
732 disposed on a first side 716 of the leaflet 710 (e.g., on an inflow side of the underlying
leaflet base 720). It will be appreciated that the first tissue ingrowth curtain 732 may
alternatively be disposed on a second side 718 of the leaflet 710 (e.g., on an outflow side of the

underlying leaflet base 720).

[0113] Additionally, as discussed above, in some embodiments, the leaflet 310 is configured
such that one or more tissue ingrowth curtains 732 cover one or both sides of the underlying
leaflet base 720 entirely. For example, as shown in FIGS. 7B and 9, a leaflet 710 includes an
underlying leaflet base 720 and a first tissue ingrowth curtain 732 disposed on a second side 718
of the leaflet 710 such that the first tissue ingrowth curtain 732 covers the second side 718 of the
leaflet 710 entirely. As discussed above, it will be appreciated that the first tissue ingrowth
curtain 732 may alternatively be disposed on a first side 716 of the leaflet 710.

[0114] Moreover, as discussed above, in some examples, a second tissue ingrowth curtain may
be disposed on a second side 718 of the leaflet 710 in addition to any tissue ingrowth curtain
disposed on the first side 716 of the leaflet 710. For example, as shown in FIG. 7C, a leaflet 710
includes an underlying leaflet base 720 and a first tissue ingrowth curtain 732a disposed on a
first side 716 of the leaflet 710 (e.g., on an inflow side of the underlying leaflet base 720) such
that the first tissue ingrowth curtain 732a covers the first side 716 of the leaflet 710 entirely. As
shown in FIG. 7C, a second tissue ingrowth curtain 732b disposed on a second side 718 of the
leaflet 710 (e.g., on an outflow side of the underlying leaflet base 720) such that the second
tissue ingrowth curtain 732b covers the second side 718 of the leaflet 710 entirely.
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[0115] Additionally, while the first and second tissue ingrowth curtains 332a and 332b shown in
FIG. 6 are essentially mirror images of one another, the leaflet 310 may be constructed such that
a first tissue ingrowth curtain disposed on a first side (e.g., an inflow side) of the leaflet base 320
has a different profile and/or cross section than does a second tissue ingrowth curtain disposed
on a second side (e.g., an outflow side) of the leaflet base 320. For instance, in some examples,
given the differing environmental conditions and dynamics on the inflow and outflow sides of
the prosthetic valve 100, it may be desirable to configure the leaflet such that a first side of the
leaflet includes a first tissue ingrowth curtain having a first size, and/or a first material, and/or a
first shape, and/or a first cross section, and/or a first boundary having a first profile, and such
that a second side of the leaflet includes a second tissue ingrowth curtain having a second size,
and/or a second material, and/or a second shape, and/or a second cross section, and/or a second

boundary having a second profile.

[0116] For example, as shown in FIGS. 8A to 8C, similar to leaflet 310, a leaflet 810 includes
an underlying leaflet base 820, a leaflet free edge 812, an edge 814, first and second sides 816
and 818, a leaflet belly region 822, a leaflet base 825, and a leaflet attachment region 830. The
leaflet 810 further includes a first tissue ingrowth curtain 832a disposed over a portion of the
first side 816 of the leaflet 810 (e.g., on an inflow side of the underlying leaflet base 820), and a
second tissue ingrowth curtain 832b disposed over the second side 818. The first tissue ingrowth
curtain 832a extends onto or across a portion of the leaflet belly region 822 on the first side 816
and terminates such that a boundary 834a is defined at an intersection between the first tissue
ingrowth curtain 832a and the leaflet belly region 822. The second tissue ingrowth curtain 832b
extends across the leaflet belly region 822 on the second side 818 and terminates such that a
boundary 834b is defined at an intersection between the second tissue ingrowth curtain 832b and
the leaflet belly region 822 (which in this instance corresponds with the leaflet free edge 812).
Thus, as shown, the second tissue ingrowth curtain 832b has a different cross section and/or

boundary profile and/or shape and/or size than the first tissue ingrowth curtain 832a.

[0117] FIGS. 10 to 13 show a variety of additional configurations for a leaflet 310 including a
tissue ingrowth curtain 332. FIG. 10 shows a leaflet 310 having a tissue ingrowth curtain 332
applied to a portion of a leaflet base 320 and terminating in the leaflet belly region 322 at
approximately a midpoint between the leaflet free edge 312 and edge 314 such that the boundary
334 is substantially linear. It will be appreciated that, in some other examples, the tissue

ingrowth curtain 332 may larger or smaller than that shown in FIG. 10 such that the linear
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boundary shown in FIG. 10 may shift closer to (or alternatively farther away from) the leaflet

free edge 312.

[0118] Additionally, while the tissue ingrowth curtain may terminate into the leaflet belly such
that the boundary 334 adopts a linear profile (see, e.g., FIG. 10), in some other examples, the
tissue ingrowth curtain may terminate into the leaflet belly such that the boundary 334 adopts a
nonlinear profile. FIGS. 11 and 12 show a leaflet 310 having a tissue ingrowth curtain 332
applied to a portion of a leaflet base 320 and terminating in the leaflet belly region 322 such that
the boundary 334 adopts a nonlinear shape. As shown in FIG. 11, the boundary 334 adopts a
convex shape relative to the leaflet free edge 312. As shown in FIG. 12, the boundary 334
adopts a concave shape relative to the leaflet free edge 312. In some examples, the tissue
ingrowth curtain may taper where it terminates into the leaflet free edge 312. In other examples,
the tissue ingrowth curtain may taper into the edge 314. In some examples, such a taper operates
to minimize tissue growing between adjacently situated leaflets (e.g., bridging across adjacently

situated leaflets from one tissue ingrowth curtain to another).

[0119] As mentioned above, in some examples, one or more tissue ingrowth curtains can be
applied to an underlying leaflet base such that a profile of the boundary between the leaflet belly
region and the tissue ingrowth curtains is discontinuous. With reference now to FIG. 13, a
leaflet 310 includes a first tissue ingrowth curtain 332a applied to a first portion of a first side of
a leaflet base 320 and a second tissue ingrowth curtain 332b applied to a second portion of the
first side of the leaflet base 320. As shown, the leaflet 310 includes a first boundary 334a and a
second boundary 334b. While the leaflet 310 shown in FIG. 13 includes two distinct tissue
ingrowth curtains applied to one side of an underlying leaflet base, it will be appreciated that
three or more distinct tissue ingrowth curtains may be applied to a given side of the underlying
leaflet base without departing from the spirit or scope of the present disclosure. For instance, in
some examples, a plurality of distinct tissue ingrowth curtains may be applied to a given side of

the underlying leaflet base to achieve a designated pattern (e.g., tiled).

[0120] The tissue ingrowth curtains discussed herein may be applied, bonded, or otherwise
coupled with the underlying leaflet base according to methods known to those of skill in the art.
For instance, in some examples, one or more adhesives, such as FEP, may be used to bond the
tissue ingrowth curtains to the underlying tissue leaflet base. Other suitable adhesive include,

but are not limited to urethane, thermoplastics, fluoropolymers, silicone/urethane blends,
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epoxies, fluoroelastomers, FEP, and copolymers of FEP. Such adhesives may be applied to one
or more of the underlying leaflet base and the tissue ingrowth curtain. In some such examples,
the underlying adhesive is wicked or imbibed into the underlying leaflet base and/or the tissue
ingrowth curtain prior to combining the underlying leaflet base and the tissue ingrowth curtain.
In some examples, the underlying leaflet base and the tissue ingrowth curtain may additionally
or alternatively be subjected to one or more thermal processes and/or pressing processes to

facilitate bonding between the tissue ingrowth curtain and the underlying leaflet base.

[0121] While the above-discussed tissue ingrowth curtains generally include membranes, films,
knits, or other structures that are bonded, applied, or otherwise attached to the underlying leaflet
base, as mentioned above, in some examples the tissue ingrowth curtain(s) may be applied to the
underlying leaflet base in the form of one or more coatings. In some such example, a coherent
irregular network is distributed or deposited onto one or more portions, regions, sections, areas,
or zones of the underlying leaflet base. Examples of distributing such coherent irregular
networks are illustrated and described in U.S. Patent Application No. 12/879,333, the contents
of which are incorporated herein by reference. In some examples, the coherent irregular network
is applied to one or more portions of the underlying leaflet base to create a surface texture
suitable for supporting the ingrowth and proliferation of tissue, as those of skill will appreciate.
For example, the coherent irregular network may be selectively applied to one or more discrete
or designated sections, portions, or regions of the underlying leaflet base. In some such
examples, the coherent irregular network is applied to the designated areas by masking or
otherwise covering those portions of the underlying leaflet where ingrowth of tissue is
undesirable such that the cover or mask can be removed subsequent to the coherent irregular
network application process to achieve a leaflet having a first region including the coherent
irregular network and a second region free of a coherent irregular network. In some examples,
one or more sacrificial sheets, such as one or more polyimide sheets (e.g., Kapton sheets), are
arranged on the underlying leaflet base and operate to mask or otherwise prevent the coherent
irregular network from being applied to the masked or covered areas. Some nonlimiting
examples of sacrificial sheet materials include polyester, polyetheretherketone (PEEK), PET,
ePTFE/Kapton blends such as mapton, ePTFE, PTFE, silicones, and stainless steel, or other thin
metal sheeting. In some examples, the one or more sacrificial sheets can be removed after the
coherent irregular network application process to reveal a leaflet having a structure including
one or more regions including the coherent irregular network and one or more regions free of

the coherent irregular network (e.g., where the underlying leaflet base material is exposed). Such
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a configuration provides for a construction of the leaflet that minimizes a possibility for

delamination between bonded membrane layers.

[0122] As mentioned above, in some examples, in addition to or as an alternative to applying
one or more tissue ingrowth curtains to the underlying leaflet base, the underlying leaflet base
materials themselves are configured to promote or accommodate tissue ingrowth. For instance,
in some examples, the underlying leaflet base materials are configured such that tissue is
encouraged to grow (or is not otherwise prevented or inhibited from growing) into and/or onto
one or more discrete or designated sections, portions, or regions of the one or more underlying
leaflet base materials. For instance, as mentioned above, the composite material forming the
underlying synthetic leaflet base may include an elastomer and/or an elastomeric material such
as a fluoroelastomer imbibed or otherwise incorporated into the expanded fluoropolymer
membrane. In various examples, to achieve an underlying leaflet base that promotes or
otherwise accommodates the ingrowth and proliferation of tissue the expanded fluoropolymer
membrane is selectively imbibed, such as with one or more fluoroelastomers, such that the
expanded fluoropolymer membrane includes one or more discrete portions, regions, sections,
zones, or areas that are free of or are not otherwise imbibed with the elastomeric filler material
(or at least are not filled to the extent that the elastomeric filler material operates to prevent
tissue ingrowth). Selectively imbibing the underlying synthetic leaflet base material may be

done in accordance with techniques as known to those of skill in the art.

[0123] FIGS. 14 and 15 show a leaflet 1410 having an underlying leaflet base 1420 that
includes a membrane that has been selectively imbibed to form the leaflet 1410. FIG. 14 is a top
view of the leaflet 1410. FIG. 15 is a cross section of the leaflet 1410 illustrated in FIG. 14 taken
along line 15—15. Similar to leaflet 310, the leaflet 1410 includes an underlying leaflet base
1420, a leaflet free edge 1412, an edge 1414, first and second sides 1416 and 1418, a leaflet
belly region 1422, a leaflet base 1425, and a leaflet attachment region 1430. The underlying
leaflet base 1420 includes a membrane 1421. As shown, the membrane 1421 has been
selectively imbibed in the belly region 1422 to form the underlying leaflet base 1420.
Specifically, as shown, the portion of the membrane 1421 between the leaflet free edge 1412
and boundary 1435 has been imbibed with a filler material in accordance with the embodiments
and examples discussed herein, while the portion of the membrane 1421 between the edge 1414
and the boundary 1435 remains free of any filler material. That is, the portion of the membrane

1421 between the edge 1414 and the boundary 1435 has not been imbibed. It should thus be
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appreciated that the boundary 1435 is defined at an intersection between the portion(s) of the
membrane 1421 imbibed with a filler material and the portion(s) of the membrane 1421 that are
free of filler material. Additionally, it will be appreciated that while the cross section view of
FIG. 15 shows the filler material penetrating uniformly between the first and second sides 1416
and 1418 of the underlying leaflet base 1420, in some examples, the filler may penetrate only
partially into the membrane 1421 beginning at each of the first and second sides 1416 and 1418.
Thus, it will be appreciated that, in various examples, during the imbibing process, the filler
material is imbibed into the membrane from both the first and second sides 1416 and 1418.
Depending on the particular methods used, the filler material may penetrate entirely through (or
alternatively partially through) the membrane 1421 between the first and second sides 1416 and
1418.

[0124] As mentioned above, the leaflet 310 may be constructed to include first and second
tissue ingrowth curtains disposed on opposing first and second sides of the leaflet base 320 such
that the leaflet 310 has a first tissue ingrowth curtain with a different cross section and/or
boundary profile and/or shape and/or size than the second tissue ingrowth curtain. Similarly, the
membrane 1421 of the leaflet 1410 may be imbibed such that the first side 1416 includes one or
more portions, regions, sections, zones, or areas not imbibed with filler material (if any) that
differ from the one or more portions, regions, sections, zones, or areas of the second side 1418
not imbibed with filler material (if any). In other words, the membrane 1421 of the leaflet 1410
may be imbibed such that the first side 1416 and the second side 1418 have different tissue

ingrowth profiles and/or capabilities.

[0125] For example, FIG. 16 shows a cross section view of a leaflet 1410 (which is taken along
a line similar to line 15—15 of FIG. 14), wherein the leaflet 1410 includes a membrane 1421
that has had a filler material imbibed across an entirety of a first side 1416 of the membrane
1421, and that has had the filler material imbibed across a portion of less than all of the second
side 1418.

[0126] While the above discussed embodiments and examples include applying a tissue
ingrowth curtain to one or more portions of one or more surfaces of an underlying leaflet base,
or selectively imbibing one or more portions of one or more sides of a membrane of an
underlying leaflet base with a filler material, it will be appreciated that, in various examples, a

leaflet may be constructed by both imbibing one or more portions of the membrane and applying
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a tissue ingrowth curtain to the selectively imbibed underlying leaflet base. FIGS. 17 to 20 show
various leaflets that include one or more selectively imbibed portions, regions, zones, or areas

and that include one or more tissue ingrowth curtains.

[0127] FIG. 17 is a top view of a leaflet 1710. FIG. 18 is a cross section of the leaflet 1710
illustrated in FIG. 17 taken along line 18—18. Similar to leaflet 1410, the leaflet 1710 includes
an underlying leaflet base 1720, a leaflet free edge 1712, an edge 1714, first and second sides
1716 and 1718, a leaflet belly region 1722, a leaflet base 1725, and a leaflet attachment region
1730. The underlying leaflet base 1720 includes a membrane 1721. As shown, the membrane
1721 has been selectively imbibed in the belly region 1722 to form the underlying leaflet base
1720. In particular, the membrane 1721 has been selectively imbibed in the same manner as
membrane 1421 of leaflet 1410 to achieve an underlying leaflet base 1720 that is identical to the
underlying leaflet base 1420. Additionally, similar to the construction of leaflet 310 shown in
FIG. 4 a tissue ingrowth curtain 1732 has been applied to a portion the second side 1718 of the
underlying leaflet base 1720.

[0128] In particular, the ingrowth curtain 1732 has been applied to a portion the second side
1718 of the underlying leaflet base 1720 not imbibed with the filler material (e.g., the portion of
second side 1718 of the underlying leaflet base 1720 extending between the edge 1714 and the
boundary 1735). Thus, the boundaries 1734 and 1735 are overlapping one another in FIG. 17.
Thus, in some examples, the ingrowth curtain 1732 may be applied to an entirety of the portion
the second side 1718 of the underlying leaflet base 1720 not otherwise imbibed with the filler
material. Such a configuration provides that the first side 1716 of the leaflet 1710 includes a
tissue ingrowth promotion region defined by a portion of the membrane 1421 not imbibed with
filler material, while the second side 1718 of the leaflet 1710 includes a tissue ingrowth
promotion region defined by the tissue ingrowth curtain 1732. In some examples, tissue is
encouraged to grow or proliferate into and/or onto and/or across both of these tissue ingrowth
regions. It will be appreciated that, in various other examples, a tissue ingrowth curtain 1732
may be additionally or alternatively applied to the portion the first side 1716 of the underlying
leaflet base 1720 not imbibed with the filler material (e.g., the portion of first side 1716 of the
underlying leaflet base 1720 extending between the edge 1714 and the boundary 1735).

[0129] In some examples, the ingrowth curtain 1732 may be applied to less than an entirety of

those portions of the first and/or second sides 1716 and 1718 of the underlying leaflet base 1720
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not otherwise imbibed, or may additionally or alternatively be applied to one or more portions of
the first and/or second sides 1716 and 1718 of the underlying leaflet base 1720 imbibed with a

filler material.

[0130] FIGS. 19 and 20 show a leaflet 1910 that includes one or more selectively imbibed
portions, regions, zones, or areas and that includes one or more tissue ingrowth curtains. FIG. 19
is a top view of a leaflet 1910. FIG. 20 is a cross section of the leaflet 1910 illustrated in FIG. 19

taken along line 20—20.

[0131] Similar to leaflet 1710, the leaflet 1910 includes an underlying leaflet base 1920, a
leaflet free edge 1912, an edge 1914, first and second sides 1916 and 1918, a leaflet belly region
1922, a leaflet base 1925, and a leaflet attachment region 1930. The underlying leaflet base 1920
includes a membrane 1921. As shown, the membrane 1921 has been selectively imbibed to form
the underlying leaflet base 1920. In particular, the membrane 1921 has been selectively imbibed
in the belly region 1922 in a similar manner as membrane 1721 of leaflet 1710 to achieve an

underlying leaflet base 1920 that is identical to the underlying leaflet base 1720.

[0132] Additionally, similar to the construction of leaflet 1710 shown in FIGS. 17 and 18, a
tissue ingrowth curtain 1932 has been applied to a portion the second side 1918 of the
underlying leaflet base 1920. However, as shown in FIGS. 19 and 20, the tissue ingrowth
curtain 1932 extends to a position between the edge 1914 and the boundary 1935 such that a
boundary 1934 is defined between the edge 1914 and the boundary 1935. That is, as shown in
FIGS. 19 and 20, the tissue ingrowth curtain 1932 is applied to less than all of portion of the
second side 1918 of the underlying leaflet base 1920 not imbibed with the filler material. Thus,
both the tissue ingrowth curtain 1932 and a portion of the second side 1918 of the underlying
leaflet base 1920 not imbibed with the filler material are exposed to surrounding tissue. In some
examples, tissue may be encouraged to grow or proliferate into and/or onto and/or across both
the tissue ingrowth curtain 1932 and this transition area of the underlying leaflet base 1920

between the boundaries 1934 and 1935.

[0133] It will be appreciated that, in various other examples, a tissue ingrowth curtain 1932 may
be additionally or alternatively applied to a portion of less than all of the first side 1916 of the
underlying leaflet base 1920 not imbibed with the filler such that a portion of the first side 1916

of the underlying leaflet base 1920 not imbibed with the filler is exposed to surrounding tissue.
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In some examples, tissue is encouraged to grow or proliferate into and/or onto and/or across

these additional tissue ingrowth regions.

[0134] In various examples, the underlying leaflet base may be imbibed with a plurality of filler
materials. That is, in some examples, a first portion, area, region, section, or zone of the
membrane of underlying leaflet base may be imbibed with a first filler material while a second
portion, area, region, section, or zone of the membrane of the underlying leaflet base is imbibed
with a second filler material. For instance, in some examples, a first portion of the membrane of
underlying leaflet base is imbibed with a first filler material such that the first portion of the
membrane is resistant to or otherwise inhibits or prevents tissue ingrowth into and/or onto
and/or across the first portion. However, in some examples, those portions of the membrane
imbibed with the first filler may also be unsuitable for accommodating the bonding or coupling
of a tissue ingrowth curtain. Accordingly, in examples where it is desirable bond or otherwise
couple a tissue ingrowth leaflet to a second portion of the membrane, the second portion may be
imbibed with a second filler material such that the second portion of the membrane is suited to
have a tissue ingrowth curtain bonded or otherwise coupled thereto. In some examples, the
second filler material may additionally or alternatively encourage tissue ingrowth. That is, in
some examples, one or more portions of the membrane may be imbibed with a filler material
that encourages tissue ingrowth and proliferation. Alternatively, as mentioned above, the second
portion may not be imbibed with any filler material at all, but may instead remain free of filler

material.

[0135] FIGS. 21 and 22 show a leaflet 2110 that includes a plurality of selectively imbibed
portions, regions, zones, or areas and that includes one or more tissue ingrowth curtains. FIG. 21
is a top view of a leaflet 2110. FIG. 20 is a cross section of the leaflet 2110 illustrated in FIG. 21
taken along line 20—20. As shown, the membrane includes a first portion and a second portion.
The first portion of the membrane corresponds to the portion, region, zone, or area extending
between the leaflet free edge 2112 and the boundary 2135, and the second portion of the
membrane corresponds to the portion, region, zone, or area extending between the edge 2114
and the boundary 2135. As shown, the membrane 2121 has been selectively imbibed such that
the first portion of the membrane 2121 is imbibed with a first filler material (shown as lighter
shading) and such that the second portion of the membrane is imbibed with a second filler

material (shown as darker shading).
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[0136] Additionally, as shown, a tissue ingrowth curtain 2132 has been applied to the second
portion of the membrane 2121 on the second side 2118 of the underlying leaflet base 2120.

[0137] It will be appreciated that, in various examples, a tissue ingrowth curtain 2132 may be
additionally or alternatively applied to the second portion of the membrane 2121 on the first side
2116 of the underlying leaflet base 2120. It will also be appreciated that the tissue ingrowth
curtain 2132 may be applied to less than all of the second portion of the first and/or second sides
2116 and 2118 of the underlying leaflet base 2120. Similarly, it will be appreciated that the
underlying leaflet base 2120 may be constructed such that less than all of the second portion of
the membrane 2121 is imbibed with the second filler material. That is, in some examples, one or
more regions or zones of the second portion may be free of both the first and the second filler

material.

[0138] It has been observed that some leaflet constructions that include a tissue ingrowth curtain
bonded or adhered to an underlying leaflet base have a failure mode of detachment or
delamination. In some examples, detachment or delamination occurs at or near the edges of the
tissue ingrowth curtain. Generally, delamination occurs between adjoining surfaces of the tissue
ingrowth curtain and the underlying leaflet base proximate to or at where the adjoining surface
of the tissue ingrowth curtain terminates into an edge of the tissue ingrowth curtain. Thus, in
some instances, delamination or detachment occurs between adjoining surfaces of the tissue
ingrowth curtain and the underlying leaflet base at or proximate where the tissue ingrowth
curtain 332 and the leaflet belly region 322 intersect. Put differently, in some instances,

delamination or detachment occurs at or proximate to the boundary 334, discussed above.

[0139] In some examples, to minimize a potential for delamination or detachment between the
tissue ingrowth curtains and underlying leaflet bases, the adhesive or adhesive layer coupling
the tissue ingrowth curtain and the underlying leaflet base together (or additionally or
alternatively an additional adhesive layer) can be applied such that it forms a transition between
one or more edges of the tissue ingrowth curtain and the underlying leaflet base. In some
examples, such a transition area is formed across the intersection between the tissue ingrowth

curtain 332 and the leaflet belly region 322 (e.g., across the boundary 334).

[0140] Turning now to FIGS. 23 and 24, a leaflet 310 includes a leaflet base 320 and a tissue
ingrowth curtain 332 applied or bonded to the second side 318 of the leaflet 310 via an adhesive
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or adhesive layer 340. The leaflet 310 shown in FIG. 23 is similar in construction to leaflet 310
shown in FIGS. 4 and 6 with the exception that the leaflet 310 shown in FIG. 23 includes only
one tissue ingrowth curtain 332, which is applied or bonded to the second side 318 of the leaflet
310. It will be appreciated that, in other examples, the leaflet includes a tissue ingrowth curtain
332 applied on both the first and second sides 316 and 318. FIG. 23 is a cross section view of a
leaflet 310 that is taken along a line similar to line 6—6 in FIG. 4. As shown, the adhesive or
adhesive layer 340 extends along the adjoining surfaces between the tissue ingrowth curtain 332
and the leaflet base 320. Additionally, as shown in FIG. 23, the boundary 334 marks an abrupt
or sharp transition between the tissue ingrowth curtain 332 and the leaflet base 320. As
mentioned above, the boundary 334 is defined along the intersection between the tissue
ingrowth curtain 332, and the leaflet belly region 322 is the operating portion of the leaflet 310.
Thus, those of skill in the art will appreciate that stress concentrations generally occur along the
boundary 334. In some examples, these stress concentrations can be minimize by modifying the
geometry of this intersection between the tissue ingrowth curtain 332 and the leaflet base 320 to

more evenly distribute stress.

[0141] FIG. 24 is a cross section view of the leaflet 310 shown in FIG. 23 with the exception
that the adhesive or adhesive layer 340 coupling the tissue ingrowth curtain 332 and the leaflet
base 320 together is applied such that it forms a transition between one or more edges of the
tissue ingrowth curtain and the underlying leaflet base. For example, as shown, the adhesive or
adhesive layer 340 is applied such that a fillet 342 is formed across the transition between the
tissue ingrowth curtain 332 and the leaflet base 320. In various examples, the tissue ingrowth
curtain 332 and the leaflet base 320 are thermally pressed to form a natural filleted geometry. In
some examples, adhesive or filler material is applied in the transition between the tissue
ingrowth curtain 332 and the leaflet base 320 and utilizing one or more of heat and pressure to
form the adhesive or filler material into the desired shape. In some examples, the adhesive or

filler material may be in the form of a precut sheet.

[0142] A method of making a prosthetic valve in accordance with some embodiments, includes
forming one or more leaflets in accordance with the above- discussed embodiments and
examples, and securing the one or more leaflets to a leaflet frame. In some examples, forming
the one or more leaflets includes obtaining a tube or sheet comprising one or more layers of a
membrane, such as an ePTFE construct, that is suitable for forming the underlying leaflet

material, as discussed herein. In some examples, one or more portions of the membrane are
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imbibed (entirely or selectively) with one or more filler materials such that one or more of these
imbibed portions or areas are rendered unsuitable for supporting or promoting tissue ingrowth.
As discussed above, the membrane may be imbibed with the filler material according to

methods known to those of skill in the art.

[0143] In some examples, the method further includes providing a membrane, such as an ePTFE
construct, such as a film or membrane, that is suitable for forming the tissue ingrowth curtain, as
discussed herein. It will be appreciated that a variety of constructs ranging in size, shape,
thickness, and material are contemplated. The method further includes bonding or otherwise
coupling the tissue ingrowth curtain with the underlying leaflet base. However, in some
examples, prior to applying or bonding the tissue ingrowth curtain with the underlying leaflet
base, the method includes applying an adhesive to the tissue ingrowth curtain. In some
examples, an adhesive, such as FEP, is wicked or imbibed into the tissue ingrowth curtain. In
some examples, the adhesive is wicked or imbibed into the tissue ingrowth curtain from one or
more sides of the construct. Additionally or alternatively the adhesive is wicked or imbibed into
the tissue ingrowth curtain from one or more edges of the construct. In some examples, the
adhesive is wicked or imbibed to a distance ranging from between five percent (5%) to ninety

five percent (95%) of the thickness of the construct.

[0144] In some examples, a desired pattern for the tissue ingrowth curtain is then cut from the
construct according to known methods, such as laser cutting for example. Thereafter, in some
examples, the tissue ingrowth curtain is applied to the underlying leaflet base. In some
examples, the tissue ingrowth curtain is layered with an accompanying underlying leaflet base
and the tissue ingrowth curtain and the underlying leaflet base are bonded together. It will be
appreciated that the tissue ingrowth curtain and the underlying leaflet base may be bonded
according to known methods, including but not limited to, pressing, and/or thermal processing,

and/or heat setting, and/or solvent welding.

[0145] In some examples, the method further includes cutting the leaflet from the resulting
construct according to known methods. In some examples, a final free edge cutting operation
may be performed to achieve a clean free edge of the resulting leaflet according to known

methods, as those of skill will appreciate.
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[0146] In some examples, the method includes applying an adhesive to the underlying leaflet
base in addition to or as an alternative to applying the adhesive to the tissue ingrowth curtain, as
discussed above. In some examples, an adhesive, such as FEP, is similarly wicked or imbibed
into one or more portions of the underlying leaflet base, after which the tissue ingrowth curtain

and the underlying leaflet base are pressed together and/or heat set according to known methods.

[0147] In some other examples, in addition to or as an alternative to applying adhesives to the
tissue ingrowth curtain and the underlying leaflet base separately or individually, the tissue
ingrowth curtain (e.g., having a designated pattern) and the underlying leaflet base are layered
with one or more adhesives or adhesive layers therebetween, after which the layered construct is
pressed and/or heat set according to known methods. The method further includes cutting the
leaflet from the resulting construct according to known methods. In some examples, a final free
edge cutting operation may be performed on the leaflet to achieve a clean free edge of the

resulting leaflet according to known methods, as those of skill will appreciate.

[0148] In some examples, the method further includes securing the leaflets to a leaflet frame
such that tissue is encouraged to grow onto and/or into the leaflets when the prosthetic valve is
implanted in a patient’s anatomy. In some examples, the method includes securing the leaflets to
the leaflet frame such that the tissue ingrowth curtains are adjacent the leaflet frame. In some
examples, the method includes securing the leaflets to the leaflet frame such that the portion of
the underlying leaflet configured to promote tissue ingrowth is adjacent the leaflet frame. In
some examples, the method includes securing the leaflets to the leaflet frame such that tissue is
encouraged to grow across the leaflet frame and/or across the interface between the leaflets and

the leaflet frame and/or onto the leaflets.

[0149] FIGS. 25 to 27 show an outflow side of a prosthetic valve 100 with leaflets 310
including tissue ingrowth curtains 332. FIG. 27 is a cross section view of the prosthetic valve

100 of FIG. 25 taken along line 27—27.

[0150] As shown in the FIGS. 25 and 26, the prosthetic valve 100 is constructed such that the
tissue ingrowth curtain 332 of the leaflets 310 is situated adjacent the leaflet frame 200. FIG. 25
shows leaflets 310 with tissue ingrowth curtains 332 that are approximately twelve hundred
microns (1.2mm) wide, measured from the leaflet frame 200. FIG. 26 shows leaflets 310 with

tissue ingrowth curtains 332 that are approximately two hundred microns (0.2mm) wide,
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measured from the leaflet frame 200. The examples illustrated in FIGS. 25 and 26 should not be
construed as limiting. For example, as discussed above, the tissue ingrowth curtain may be
applied across an entire surface of the underlying leaflet base (see, e.g., FIGS. 7B, 7C, and 8C).
While some of the above discussed embodiments and examples refer to a width of the tissue
ingrowth curtain as measured from an edge 314 of the leaflet, it should be appreciated that
suitable curtain widths will generally vary based on the manner in which the leaflets are attached

to the leaflet frame.

[0151] Moreover, as mentioned above one or more portions of the leaflet frame 200 may be

covered with material suitable for promoting tissue ingrowth.

[0152] Thus, it will be appreciated that the prosthetic valve 100 is configured such that tissue is
encouraged to grow onto the leaflet frame 200 (e.g., onto and/or into the material covering the
leaflet frame 200), and additionally from the leaflet frame 200 onto and/or into the leaflet (e.g.,
the tissue ingrowth curtain and/or the portions of the underlying leaflet base configured to
promote tissue ingrowth). In some examples, unlike conventional designs, the embodiments and
examples discussed herein include prosthetic valve configurations including fully synthetic (or
non-biological) leaflets, wherein tissue is encouraged to proliferate and grow across the interface

between the leaflet frame 200 and the leaflet 310 and onto the synthetic leaflet 310.

[0153] FIG. 28A is a top view of an outflow side of another prosthetic valve 100, according to
some embodiments. The prosthetic valve 100 may be constructed such that a tissue ingrowth
curtain 332 of leaflets 310 is situated adjacent the leaflet frame 200. The tissue ingrowth curtain
332 may be applied across an entire surface of the underlying leaflet base (see, e.g., FIGS. 7B,
7C, and 8C). While some of the above discussed embodiments and examples refer to a width of
the tissue ingrowth curtain as measured from an edge of the leaflet, it should be appreciated that
suitable curtain widths will generally vary based on the manner in which the leaflets are attached
to the leaflet frame. In addition, the tissue ingrowth curtain 332 may be on either side (inflow

and outflow) or both sides of the leaflets 310.

[0154] Moreover, as mentioned above, one or more portions of the leaflet frame 200 may be

covered with material suitable for promoting tissue ingrowth.

[0155] Thus, it will be appreciated that the prosthetic valve 100 is configured such that tissue is

encouraged to grow onto the leaflet frame 200 (e.g., onto and/or into the material covering the
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leaflet frame 200), and additionally from the leaflet frame 200 onto and/or into the leaflet (e.g.,
the tissue ingrowth curtain and/or the portions of the underlying leaflet base configured to
promote tissue ingrowth). The embodiments and examples discussed herein include prosthetic
valve configurations including fully synthetic (or non-biological) leaflets, wherein tissue is
encouraged to proliferate and grow across the interface between the leaflet frame 200 and the
leaflet 310 and onto the synthetic leaflet 310. The prosthetic valve 100 shown in FIGs. 28-B
may be a surgically implanted valve. Thus, the prosthetic valve 100 may be implanted on top of
or over diseased or damaged natural leaflets of a patient. The tissue ingrowth curtain 332 may be
configured to encourage tissue ingrowth from or around the natural leaflets of the patient onto

the leaflet frame 200 and/or the leaflets 310.

[0156] FIG. 28B is a side view of a leaflet frame 200 of the prosthetic valve 100 shown in FIG.
28A. The leaflets 310 can be received within and coupled to the support structure 102 using any
of a variety of techniques (e.g., bonding, adhering, sewing, and others). The leaflet frame 200,
and thus the support structure 102 along with the leaflets 310, is optionally collapsible to a
reduced profile, delivery configuration and then expandable (e.g., self-expanding or expanded
by the application of an internal force, such as by balloon expansion) in situ. The leaflet frame
200 is optionally annular, defining a tapered cylinder (e.g., a cone), also described as a tapered
cylindrical shape or the frame 200 may generally define a generally continuous circular
transverse cross-section along the frame height in an unloaded state (e.g., when not under a
transverse load). IIt should be understood that any variety of cross-sections (e.g., oval- or

rectangular-shaped) are also contemplated.

[0157] FIGS. 29 and 30 are illustrative of methods of delivering prosthetic valves to treatment

locations, according to some embodiments.

Transcatheter Delivery System

[0158] In some embodiments, with reference to FIG. 29, a transcatheter delivery system 6000
comprises a prosthetic valve 6100, such as the prosthetic valve 100 shown in FIG. 28A-B,
having a diametrically compacted, or collapsed configuration, and an expanded operational
configuration (as shown) and a delivery catheter 6200, configured to deploy the prosthetic valve
6100. The prosthetic valve 6100 can be mounted to an end of the delivery catheter 6200 for

delivery through the vasculature and maintained in a collapsed state by a plurality of constraints
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1272 which are then released to permit expansion of the prosthetic valve 6100. In order to hold
the prosthetic valve 6100 in a collapsed configuration on the delivery catheter 6200, the
transcatheter delivery system 6000 may further comprise a removable sheath (not shown) or

other type of constraint to closely fit over the prosthetic valve 100.

[0159] Some methods of delivery include the steps of radially compressing the prosthetic valve
100 into its collapsed configuration onto the end of the delivery catheter 6200; delivering the
prosthetic valve 100 to a desired treatment location, including a tissue orifice 6400, such as a
native valve orifice (e.g., aortic valve orifice or a mitral valve orifice), via a transfemoral or
transapical route, and expanding the prosthetic valve 100 into the tissue orifice 6400. The
prosthetic valve 100 can be self- expanding and/or expansion can also be facilitated by

expanding a balloon (not shown).

Surgical Embodiments

[0160] It is appreciated that the prosthetic valve 100 (according to any of the examples
previously described) may be surgically implanted rather than using transcatheter techniques. As
shown in FIG. 30, the prosthetic valve 100 (according to any of the examples previously
described) may have a sewing cuff 6300 adjacent to the frame outer side. The sewing cuff 6300,
which may be of a type known in the art, is operable to provide structure that receives suture for
coupling the prosthetic valve 100 to an implant site, such as the tissue orifice 6400. The sewing
cuff may comprise any suitable material, such as, but not limited to, double velour polyester.
The sewing 6300 cuff may be located circumferentially around the frame of the prosthetic valve

100, for example.

[0161] It should be appreciated that where the leaflet is additionally or alternatively constructed
with selective imbibing in accordance with the embodiments and examples discussed above, the
corresponding portions, section, regions, areas, and/or zones suitable for supporting and/or

promoting tissue ingrowth may be similarly sized to the tissue ingrowth curtains.

[0162] Numerous characteristics and advantages have been set forth in the preceding
description, including various alternatives together with details of the structure and function of
the devices and/or methods. The disclosure is intended as illustrative only and as such is not
intended to be exhaustive. It will be evident to those skilled in the art that various modifications

can be made, especially in matters of structure, materials, elements, components, shape, size and
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arrangement of parts including combinations within the principles of the disclosure, to the full
extent indicated by the broad, general meaning of the terms in which the appended claims are
expressed. To the extent that these various modifications do not depart from the spirit and scope

of the appended claims, they are intended to be encompassed therein.

[0163] It is to be understood that, if any prior art publication is referred to herein, such reference
does not constitute an admission that the publication forms a part of the common general

knowledge in the art, in Australia or any other country.

[0164] In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense, i.c.
to specify the presence of the stated features but not to preclude the presence or addition of

further features in various embodiments of the invention.
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CLAIMS

1. A tissue ingrowth composite material for implantable heart valves, the tissue ingrowth
composite material comprising:

a base layer including an expanded fluoropolymer membrane having a plurality of spaces
formed within a matrix of fibrils; and

a fluoroelastomer imbibed into the expanded fluoropolymer membrane, the
fluoroelastomer including tetrafluoroethylene and perfluoromethyl vinyl ether (TFE/PMVE
copolymer), the TFE/PMVE copolymer comprising from 67 to 61 weight percent

tetrafluoroethylene and from 33 to 39 weight percent perfluoromethyl vinyl ether.

2. The tissue ingrowth composite material of claim 1, further comprising a layer of TFE-
PMVE copolymer comprising from about 73 to 68 weight percent tetrafluoroethylene and from

about 27 to 32 weight percent perfluoromethyl vinyl ether.

3. The tissue ingrowth composite material of claim 1 or claim 2, wherein a portion of the

tissue ingrowth composite material includes properties to inhibit tissue ingrowth.

4.  The tissue ingrowth composite material of any one of claims 1 to 3, wherein the tissue

ingrowth composite material has a thickness from about one micron to four hundred microns.

5. A tissue ingrowth composite material for implantable heart valves, the tissue ingrowth
composite material comprising:

a base layer including an expanded fluoropolymer membrane having a plurality of spaces
formed within a matrix of fibrils;

a fluoroelastomer imbibed into the expanded fluoropolymer membrane; and

a layer of tetrafluoroethylene and perfluoromethyl vinyl ether (TFE/PMVE copolymer)
comprising from about 73 to 68 weight percent tetrafluoroethylene and from about 27 to 32

weight percent perfluoromethyl vinyl ether.

6.  The tissue ingrowth composite material of claim 5, wherein the fluoroelastomer includes
tetrafluoroethylene and perfluoromethyl vinyl ether (TFE/PMVE copolymer), the TFE/PMVE
copolymer comprising from 60 to 20 weight percent tetrafluoroethylene and from 40 to 80

weight percent perfluoromethyl vinyl ether.

AH25(43074780_1):BIM



08 Nov 2023

2023263474

AH25(43074780_1):BIM

37

Edwards Lifesciences Corporation
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON



1714

€c0C NON 80  v.¥E92ECOC

FIG. 1B



08 Nov 2023

2023263474

300

Y

/

14




08 Nov 2023

2023263474

300

3/14

525

FIG. 5

FIG. 4



0¢i

o
Z 3 m‘\

e
A

4114

g/ 9ld

<O
=
T
L
e
Pmn
<o

e
S £

oo
=
P

€¢0C NON 80  v.¥€92EC0C

<>
fame

9 Ol

Lo
—_—
L]

3]
O
s
[a ]

~i
£y
<

<>

&3 \.,




5/14

€c0¢ NON 80

v.¥€92€20¢



08 Nov 2023

2023263474

O

PR Y {

A

4o QS N SN B 0 12 S 8 8 A A 8 0 80

6

/

14

FIG. 10




Gl Ol

~3
~——

L

==

et

—

7114

bt

€c0C NON 80  v.¥E92ECOC



s S 5161
g 26 e A
26 e
| 0864
il o
8l \
2081
T
- 20
3 bl
20

i
(o]
e n
~

et

~3
cn

€¢0C NON 80  v.¥€92EC0C



08 Nov 2023

2023263474

9/14

N

-
o

LX)
(S

O

FIG. 22

FIG. 21



08 Nov 2023

2023263474

10/14

FIG. 23

IERERERERENEEEEEEEEEEEEEEREEENENEEREEEREREENRREERERRRE]
IR

342

Iy v
°) o [t ]

&

FIG. 24



i

1it4

€c0¢ NON 80

v.¥€92€20¢

G0

nnty

e




12/14

€¢0¢ NON 80

ERELY
lieas
geerkn
Pl
g

o3
JrEaiTy

w../ N ///

v.¥€92€20¢

400

200

FIG. 27



13/14

€¢0¢ NON 80

g8¢ 9l

v.¥€92€20¢

e




08 Nov 2023

2023263474

14/14




	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

