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Prosthetic Heart Valve Including Self-Reinforced Composiie Leafletls

{0001} This application is being filed as a PCT International Patent application
on July 11, 2016 in the name of Bosion Scientific SciMed, Inc., a U.5. national
corporation, applicant for the designation of all countries and Mark W. Boden, a U.&.
Citizen, inventor for the designation of all countries, and Peter G. Edelman, a U.S.
Citizen, inventor for the designation of all countries, and Joseph Thomas Delansy
Jr., a U.S. Citizen, inventor for the designation of all countries, and claims priority o
U.S. Provisional Patent Application No. 62/192,340, filed July 14, 2015, and U.S.
Patent Application No. 15/205,098, filed July 8, 2016, the contents of which are
herein incorporated by reference in their entireties.

TECHNICAL FIELD
{0002] The present invention relates o prosthetic heart valves composed of
self-reinforced composites and methods related thereio.

BACKGROUND

{0003 More than 250,000 heart valves are replaced worldwide each year due
to struciural defects such as valve stenosis that may lead to regurgitation. Valve
stenosis is a condition where a heart valve is not able to fully open when blood is
pumped through the heart because the heart valve leaflets are too stiff or fused
together. Valve stenosis creates a narrowed opening that stresses the heart, which
in turn can cause fatigue and dizziness in a patient. Regurgitation, which is a
backward How of blood, can reduce efficiency of the heart pumping blood and also
cause a patient 1o experience fatigue as well as shortness of breath.

[0004] Long term implants, such as prosthetic heart valves, can be used for
diseased heart valve replacement. Some prosthetic heart vaives are made entirely
of synthetic materials, while others are made of a combination of synthetic materials
and animal tissues, for example, bovine or porcine pericardium. Prosthetic heart
valves made of synthetlic malerials can have inadequate chemical stability or cause
an undesirable biological response in a patient while prosthetic heart vaives made of
animal tissue are often vulnerable 1o structural deterioration caused by calcification

that results in the narrowing of the valve orifice and/or cusp tearing. There is a need



WO 2017/011392 PCT/US2016/041757

for a prosthetic heart valve that can have long term chemical stability and

mechanical properties that can mimic a native heart vaive.
SUMMARY

{0005] Disclosed herein are various embodimenis of prosthetic heart vaive
devices that include self-reinforced composite leallets and methods related thereto.
{0006] In Example 1, a prosthetic heart valve leaflet has a seli-reinforced
composite (SRC) structure that includes a first layer. The first layer can include a
first plurality of fused fibers composed of a first polymeric material. Each fiber of the
first layer can be fused o al least one adiacent fiber by a refiowed fiber domain
region.

{0007} In Example 2, the prosthetic heart valve leaflel of Example 1, further
including a second iayer that has a second plurality of fused fibers composed of a
second polymeric material in which each fiber can be fused to at least one adjacent
fiber by a reflowed fiber domain region

{00081 in Example 3, the prosthetic heart valve leaflet of Example 2, wherein
the first plurality of fused fibers and the second plurality of fused fibers are generally
aligned in at least two directions such that the first plurality of the fused fibers are
oriented at a first predetermined fiber angle relative to the second plurality of fused
fibers.

{0009} In Example 4, the prosthetlic heart valve leaflet of any one of Examples
1-3, wherein the first plurality of fused fibers are generally aligned in a direction
defining a first longitudinal axis, the first longitudinal axis being oriented ai an angle
relative to a free edge of the prosthetic heart valve leaflet.

{00107 frn Example 5, the prosthetic heart valve ieaflet of one of Examples 2-4,
wherein the first layer is disposed adjacent o the second layer.

{0011} in Example 6, the prosthetic heart valve leaflet of any one of Examples
2-4, wherein the first and second plurality of fused fibers are generally aligned
relative to each other o form a biaxial orientation within the SRC structure.

{0012} In Example 7, the prosthelic heart valve leailet of any one of Examples
3-5, wherein the predetermined fiber angle is an orthogonal angle.
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{00131 in Example 8, the prosthetic heart valve leaflet of any one of Examples
3-5, wherein the predetermined fiber angle is one of 10, 20, 30, 40, 45, 50, 60, 70, or
80 degrees.

{0014} In Example 9, the prosthetic heart valve leaflet of any one of Examples
1-8, wherein the SRC structure includes additional layers to form a three-, four-, or a
five-composite-tayered SRC structure.

{0015] In Example 10, the prosthetic heart valve leaflet of Example 9, wherein
the three-, four- or five-composite-layered of the SRC structure forms a triaxial, a
quadaxial or a guinaxial orientation, respectively.

{0016} In Example 11, the prosthetic heart valve leaflet of any one of
Examples 1-10, wherein each fiber of the first plurality of fused fibers includes an
aligned polymer crystal orientation that is generally paraliel with the first longitudinal
axis.

{0017} In Example 12, the prosthelic hearl valve leaflet of any one of
Examples 1-8, wherein the first polymeric material is a polyurethane, a
polvisobutylene urethane (PIB-PUR) copolymer, a polyamide, a polyimide, a
polycarbonate, a polyester, a polyetherether ketone, or a fluorinated polyolefin.
{0018} In Example 13, the prosthetic heart valve leaflet of any one of
Examples 2-10, wherein the first and second polymeric materials are different
materials.

{0019 In Example 14, the prosthelic heart valve leafiet of Example 13,
wherein the first polymeric material is a high-meli-temperature polyurethane and
second polymeric material is a low-meli-temperature polyurethane.

{0020} in Example 15, the prosthetic heart valve leaflet of any one of
Examples 2-10, wherein the first layer at least partially overlaps the second layer.
{0021} I Example 16, the prosthetic heart valve leaflet of Example 2, wherein
at least a portion of the first layer is fused o at least a portion of the second layer.
{0022} In Example 17, the prosthetic heart vaive leaflet of Example 1, wherein
gach fiber of the first plurality of fibers has a generally square, oval, or hexagonal
cross-sectional shape.

{0023} in Example 18, a method forming a prosthetic heart valve leaflet, the
method including compressing and heating a fibrous structure including a plurality of
fivers made of a polymeric malerial o a predetermined temperaiure for a
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predetermined amount of time to form a self-reinforced composite (SRC) structure in
which portions of the plurality of fibers are fused iogether.

[0024] I Example 19, the method of Example 18, wherein the fibrous
structure includes a plurality of fibers each having an original fiber diameler ranging
from about 10 nm o about 50,000 nm {(or 50 micrometers) prior to the compressing
and heating.

{0025] In Example 20, the method of Example 18, wherein the predetermined
temperature ranges from a glass transition temperature (Tg) and a melting
temperature {Tm); and a compressional strain of between 0 and 50 is applied to the
plurality of fibers of the fibrous structure during the compressing and the heating.

BRIEF DESCRIPTION OF THE DRAWINGS

{0026] FIG. 1 is an illusiration of an exemplary prosthetic heart valve provided
herein within a human anatomy.

00271 FIG. 2 is an enlarged view of the prosthetic heart vaive of FIG. 1.
{0028} FIG. 3 is a plan view of an exemplary leaflet provided herein including
a self-reinforced composite (SRC) structure.

{00291 FIG. 4 is a microscope image of a SRC structure provided herein.
[0030] FIG. 5 are schematic illusirations of various orientations of SRC
structures provided herein.

{0031} FIGS. 6A and 6B are schematlic illusirations of crystal orientations of
fibers of a SRC structure provided herein. FIG. 8A provides an illustration of a fiber
composed of random amorphous domains. FIG. 8B provides an illustration of a fiber
composed of aligned crystalline domains.

{0632} FIG. 7 is an illustration of another exemplary prosthetic heart valve
provided herein.

DETAILED DESCRIPTION

{00333 FIG. 1 shows an illustration of a prosthetic heart valve 100 provided
herein within a heart 102 of a human body 105. The human body 105 has four heart
valves: a pulmonary valve, a tricuspid valve, an aortic valve and a mitral valve. The

purpose of the heart valves is o allow blood to flow through the heart and from the
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heart info the major blood vessels connecled to the heart, such as the aorta and
pulmonary artery. Prosthetic heart valve 100 of FIG. 1 is an aortic prosthetic heart
valve that can be delivered using a transcatheter aorlic valve replacement (TAVR)
procedure {which is also described as percutanecus aocrlic valve replacement
(PAVR) or transcatheter aortic valve implantation (TAVH), which involves the use of
a deployment device 110 (which can also be referred 1o as a delivery catheter or
delivery system) placed through blood vessels from a femoral, subclavian, or direct
aortic incision. Deployment device 110 can deliver prosthetic heart valve 100 to the
desired location within the anaiomy, and release implantable heart valve 100 at an
implantation site. Although FIG. 1 shows an aortic prosthetic heart valve, it should
be appreciated by one skilled in the arl that prosthelic heart valve 100 can be
another type of heart valve {e.g., a mitral valve or a tricuspid valve}, in some cases.
In some cases, the prosthetic heart valve provided herein can be generally
applicable to other types of valves within the body.

{0034} FIG. 2 provides a close up view of the prosthetic heart valve 100 of
FiGa. 1, which has an inflow end 106 and an outlet end 108. Prosthetic heart valve
100 has a substantially tubular body 120, a plurality of leaflets 140, anchor elements
160, and a tubular seal 180. Tubular body 120 can be a radially expandable
member, e.g. annular frame or stent, having an annular cavity. As shown in FIG. 2,
the heart valve 100 can have three heart valve leaflets 140 coupled to the tubular
body 120 within the annular cavity. Three anchor elements 160 positioned within the
annular cavity of the tubular body 120 can each secure the heart valve leaflets to the
tubular body 120. Ekach anchor element 160 can be coupled o the tubular body 120
with an anchoring element and coupled 1o the leaflets with a clamping element. The
tubular seal 180 can be disposed about at least a portion of the tubular body 120, In
particular, the tubular seal can have an inflow end portion secured to bottomn edges
of the plurality of ieaflets at the inflow end 106 and have an outflow end portion
disposed about an outer surface of the tubular bedy 120 at the outflow end 108 to
restrict blood flow around the leafiets.

[0035] Prosthetic heart valve 100 can be made of various materials. In some
cases, at least a portion of the prosthetic heart valve 100, for example, the leaflets
140 or a portion of the tubular body 120, can be made of varicus synthetic materials.
In some cases, the prosthetic heart valve 100 can be made entirely of synthetic
materials. The synthetic materials of the prosthetic heart valve 100 can include
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polymeric materials, metals, ceramics, and combinations thereof. In some cases,
synthelic materials of the prosthetic heart valve 100 can include composite
structures. In some cases, as will be discussed in further seclions, a prosthetic heart
valve can be made of a specific type of composite such as a self-reinforced
composite (SRC) structure provided herein.

{0036] In use, prosthetic hearl valve 100 is implanied (e.g., surgically or
through transcatheter delivery) in a mammalian heart. The edge portions of the
polymeric ieaflets 140 move into coaptation with one another to substantially restrict
fluid from flowing past prosthetic heart valve 100 in a closed position. The edge
portions of the leaflets 140 move away from one another to an open position,
permitting fluid to flow past prosthetic heart valve 100. Movement of the leaflels
between the closed and open positions can substantially approximate the
hemodynamic performance of a healthy natural valve.

{0037} FIG. 3 shows an example of a prosthelic heart valve leafiet 300
provided herein. As shown, leaflet 300 can include a body portion 310 {or belly
region of the leaflet) and two sleeve portions 320 that extend cutwardly from the
body portion 310, In some cases, the body portion 310 has a botiom edge 330, a
first side edge 340, a second side edge 350, and a free edge 360. Leaflet 300
further includes a front side {i.e., the side that blood flows toward), a back side {i.e.,
the side that blood flows away from). The botiom edge 330 and side edges 340, 350
of the body portion 310 can be shaped for suturing and for forming a leaflet profile
simitar 1o a native valve. The sleeve portions 320 can be shaped o be compatible
with anchor elements, such as anchor elements 160 of FIG. 2.

{06038} As the prosthetic heart valve opens and closes, each leaflet flexes
between the open and closed position. Tensile and flexural strain on each leaflet
can change depending on its position. As such, the leaflet 300 can elongate in
various directions as the valve opens and closes. For instance, leaflet 300 can
elongate along the body portion 310 and the sleeve portions 32¢ in a radial direction
B, or a circumierential direction D¢, or both. The radial direction Dg of aleaflet in a
heart valve can extend radially inwardly or outwardly, e.g., a radial direclion can
extend from the center of the heart valve along a free edge of a valve leaflet o a
commissure. The circumferential direction D¢ can extend along a circumference of a
heart valve, £.g., an inner circurmference of the tubular body 120 of FIG. 2. As
shown in FIG. 3, the radial direction Dy can exiend from the free edge 360 to the
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bottom edge 330 of the leaflet. A circumferential direction D¢ extends in a direction
that is generally orthegonal to the radial direction Dy More specifically, the
circumnferential direction D¢ can extend from one side edge to the opposite side edge
of the sleeve portion. The circumferential direction D¢ can also extend from one side
of the body portion {e.q., the first side edge 340) to an opposite side of the body
portion {e.g., ihe second side edge 350), which can be described as a
circumferential direction D¢ in the belly region of the leaflet 300. in some cases, the
leaflet 300 can elongate in a direction having an angle that is obligue relative to the
radial and circumiferential directions.

[0039] The prosthelic heart valves provided herein can be made of self-
reinforced composite (SRC) structures (which can also be described as seli-fused
composites). The "self-reinforced composite” structure is a composite material
composed of a plurality of fused fibers in which an outer surface of each fused fiber
is fused to at least one adjacent fiber by a reflowed fiber domain region. In some
cases, the SRC struclures can be made of fibers of a single polymer. In some
cases, the SRO structures can be made of composite fibers, e.g., fibers having a
core and a sheath, in which the sheath of the composite fiber is a different material
than the core. Self-reinforced composite structures provided herein can be used to
form at least a portion of a heart valve device, such as a heart vaive leaflet or a
portion of a heart valve ieaflet.

{0040} FIG. 4 provides an image of an exemplary SRC structure 400 provided
herein that is composed of a pluralily of fused fibers 410 in which each fused fiber
410 is fused to af least one adjacent fiber by a reflowed fiber domain region 420.
The depicted SRO structure 400 shows fibers 410 that have been lightly compacted
and heated together. Individual fibers 410, when compressed and healed, can fuse
to adjacent fibers by melling at interfacial regions that form reflowed fiber domain
regions 420 between the fibers 410. Reflowed fiber domains are portions of a fiber
that have re-solidified after having been melted and subseqguently cocled. In some
cases, the refliowed fiber domain region 420 can be formed when an outer portion of
the original fiber is melled and re-solidified. In some cases, the reflowed fiber
domain region 420 can adhere a surface of the original fiber to a surface of one or
more adjacent fibers, causing the fibers 410 to become fused fogether. The
reflowed fiber domains can, in some cases, How away from an area of the original

fiber, e.g., when an adjacent fiber compresses against a melted outer portion of the
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original fiber. In some cases, the reflowed fiber domain can §ill into a gap (i.e., a
pore) that had previously existed between the original fiber and at least one adjacent
fiber. As such, the reflowed fiber domain region 420 can fill the gaps that existed
between the original fiber and its neighboring fibers 1o form a plurality of fused fibers
410 with a generally closed pore configuration. In some cases, a SRC structure 400
can have a generally closed pore configuration, meaning that pores {i.e., voids)
within the structure do not extend from one side of the structure 400 to an opposite
side of the structure 400, i.e., pores do not continuously extend through the entire
SRC structure 400.

{0041} The SRC structure 400, in some cases, includes reflowed fiber domain
regions 420 that are formed from a plurality of fibers 410 of the SRC structure 400.
The reflowed fiber domains and the fibers of a SRC structure 400 can therefore, in
some cases, be made of a same polymeric material.  As used herein, a “same
polymeric malerial” is a term used for two or more materials from the same polymer
class, or, more specifically, two or more materials having a number average
molecuiar weight within a 10 % relative standard deviation (R3D).  In some cases,
the fused fibers of the SRC structures 400 result is a higher tensile strength and/or
greater toughness as compared io structures having non-fused fibers. SRC
structures can therefore offer the benefit of producing thin leaflets, in some cases,
which can be particularly advantagecus for valves to be implanted using a TAVR
procedure. In some cases, SRC structures can be utilized to form synthetic heart
leaflets that can mimic mechanical properties of native leaflets, for example,
exhibiting anisoiropic properties.

{06042} fn some cases, the SRC structure 400 can result from compressing
fibers of a given diameter, which are aligned in one direction {or arranged in layers of
aligrned fibers), then compacted while healing near the melling point for a
predetermined amount of fime. In some cases, the resultant SRC can include a
matrix composed of the same polymers as the fibers since the malrix is generated by
melting the outer surface of the fibers therein.

{0043} In some cases, the 8RO structure 400 is a structure that can arise from
placing a first plurality of fibers made of a first polyisobulylene urethane (PIB-PUR)
material and a second plurality of fibers made of a second PIB-PUR, the first PIB-
PUR and the second PIB-PUR have different molecular weights (MW) and different
hard segment 1o soft segment ratios (HS/SS ralio), and compacting the first and
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second plurality of fibers at temperatures near the melting point of the lower melting
fiber. In some cases, first and second plurality of fibers having different molecular
weights or hard segment {o soft segment ralios could be placed either paraliel to one
another in the same layer, or in successive layers. In some cases, the first and
second plurality of fibers can be intermingled or separated within a SRC structure
400. In some cases, a SRC structure can includes a layered structure that is formed
with a first layer of fibers having a first MW or HS/SS ratio, either paraliel 1o a
subsequent second layer of fibers having a second MW or HS/SS ratio, or at an
angle o the subsequent second layer of fibers. A SRC structure 400 can include a
range of different number of layers of fibers, as desired. For example, a SRC
provided herein can include a laminate structure having two layers, three layers, five
layers, ten layers, or more than ten layers of fibers, with subseguent layers placed at
an angle to the previous layer. In some cases, the number of layers within a SRC
structure may be limited by a desired diameter and thickness of a final structure.
{0044} Referring to FIG. 5, a SRC shructure 500, 510, 520, 530 can include
one or more layers in which each layer has a fibrous structure composed of a
plurality of fibers. The depicted SRC structures may provide fibers oriented at an
angle relative o a radial direction along a heart valve leaflet (e.g., the radial direction
along heart valve 300 in FIG. 3). For example, in FIG. 5, 0 degrees can reflect a
radial orientation while 20 degrees can reflect a circumferential direction. In some
cases, a layer of the SRC structure 500, 510, 520, 530 can include a fibrous
structure that has a plurality of aligned, oriented fibers. For example, a depicled
unidirectional SRC structure 500 is made of a layer 502 having a plurality of fibers
504 generally oriented in one direction for providing a heart leaflet with anisotropic
mechanical properties. In some cases, the plurality of fibers, e.g., fibers 504, can
extend along from one edge of a leaflet 1o an opposiie edge of the leaflet. in some
cases, the unidirectional SRC structure 500 can include multiple layers in which each
layer is composed of fibers made of different or same materials oriented in the one
direction. In some cases, the fibrous struclure includes a plurality of randomly
oriented fibers.

[0045] in some cases, the SRC struciure 500, 510, 520, 530 can be formed by
including one or more layers. In some cases, one layer can be disposed over
another layer. For instance, in some cases, a first layer (2.g., layer 502} can be
disposed over at least a portion of a second layer. The SRC structures 500, 510,
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520, 530 can include one or more layers of SRC structures in which one or more
layers have different fiber orientations, in some cases. in some cases, a first and a
second layer of the SRC struciure can be made of the same materials, bul have
different fiber orientations. As shown in FIG. 5, 3RO structures, such as SRC
structure 510, can include a biaxial structure. The biaxial SRC 510 can include a
first layer 512 composed of fibers oriented in a first direction and a second layer 513
composed of fibers oriented in a second direction. In some cases, the first direction
of the first layer 512 can define a longitudinal axis from which a second direction of
the second layer 513 can be oriented, as desired. For example, in some cases, the
first direction of the first layer 512 can define a longitudinal axis in which the second
direction of the second layer 513 is oriented at an angle orthogonal therefrom. In
some cases, the first direction of the first layer 512 can define a longitudinal axis in
which the second direction of the second layer 513 is oriented at an angle oblique
therefrom. In some cases, the second direction of the second layer 513 is oriented
at angle of about 0 degrees, about 10 degrees, about 15 degrees, about 20 degrees,
about 25 degrees, about 30 degrees, about 35 degrees, about 40 degrees, about 45
degrees, about 50 degrees, about 55 degrees, about 60 degree, about 65 degrees,
about 70 degrees, about 75 degrees, about 80 degrees, about 85 degrees, or about
890 degrees with respect 1o the longitudinal axis defined by the first direction of the
first layer 512. In various cases of the heart valve leaflet described herein, SRC
structures can include fibers that include a variance in the angle orientation in the
range of plus or minus 2 degrees {(i.e., +/-2°% of the stated value, which is signified
using the term “about” in describing the malerial. In some cases, the second
direction of the second layer 513 is oriented at angle of about 0 degree o about 10
degrees, about 10 degrees to 20 degrees, from about 20 degrees 1o 30 degrees,
from about 30 degrees to about 40 degrees, from about 40 degrees to about 45
degrees, from about 45 degrees o aboul 50 degrees, from aboul 50 degrees 1o
about 60 degrees, from about 80 degrees to about 70 degrees, from about 70
degrees o about 80 degrees, or from about 80 degrees to about 80 degrees with
respect to the longitudinal axis defined by the first direction of the first layer 512,

{0046} The SRC structure can, in some cases, inciude a piurality of randomly
oriented fibers. A 5SRO structure composed of a random fiber configuration can
provide a highly useable improvement in Young's modulus. For example, in some
cases, a SRC structure {e.g., cast films and films) provided herein can include hot

10
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compacted fibers for increasing a Young's Modulus by at least about 10%, about
20%, about 30%, about 40%, about 50%, or more than about 50% as compared o
structures lacking compacted fibers. In some cases, a SRC structure (e.g., cast
films and films) provided herein can include hot compacted fibers for increasing
glongation at yvield by at least about 10% about 20%, about 30%, about 40%, about
50%, or more than about 50% as compared 1o a structures thal lack compacied
fibers. A SRC structure (e.g., cast films and films) provided herein, in some cases,
can include a fiber configuration for increasing the ultimate tensile strength by at
least about 25%, about 50%, about 60%, aboul 70%, about 80%, about 100%, or
greater than 100% in the direction of fiber alignment, for exampile, when compared to
structures that do not have compacted fibers. In some cases, SRC siructures can
include fibers having an ordered, aligned configuration. SRC structures that include
an aligned, orderly fiber configuration can offer a substantial increase in Young's
moduius of a fibrous structure in a particular direction. Aligned fiber configurations
can provide high strength in a desired axial direction and anisolropic properties that
can increase the robustness of a heart valve leaflet material.

{00477 Still referring to FIG. 5, SRO structures 500, 510, 520, 530 can include
biaxial 510, triaxial 520 or quadraxial 530 structures. In some cases, SRC struclures
510, 520, 530 can be composed of fibers oriented at different angles. In some
cases, the fibers {(or layers of fibers) of a SRC structure 510, 520, 530 can be
oriented at different angles. For example, as shown in FIG. 5, a triaxial SRC 520
can include a first plurality of fibers having a first direclion and a second plurality of
fibers having a second direction at a first angle and a third plurality of fibers having a
third direction at a second angle. In some cases, for example, a triaxial SRC 520
can include a first layer composed of a SRC material having fibers oriented in a first
direction and defining a longitudinal axis, a second layer composed of a SRC
material having fibers oriented in a second direction of about 45 degrees from the
longitudinal axis, and a third layer composed of a SRC material having fibers
oriented in a second direction of about 90 degrees from the longitudinal axis. Still
referring to FIG. &, in some cases, a quadraxial SRC 530 can include a first plurality
of fibers having a first direction, a second plurality of fibers having a second direction
at a first angle, a third plurality of fibers having a third direction at a second angle,
and a fourth plurality of fibers having a fourth direction at a third angle.

11
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{0048} In some cases, at least two layers of the multilayered SRC 510, 520,
530 can be oriented at the same or different angle with respect to one another. In
some cases, the SRO struciure can include more than five layers, for example, a
guinaxial SRC structure {(not shown). In some cases, fibers can be placed in a
desired orientation within the SRC structure 500, 510, 520, 530 to increase and/or
maximize the mechanical properties in a particular direction in the leafiel provided
herein. By including multiple layers having different fiber orientations in a SRC
structure 500, 510, 520, 530, mechanical properties of the SRC structure 500, 510,
520, 530 can be modified as desired in different directions.

{00491 A SRC siructure, in some cases, is a laminate structure that can
include fwo layers, three layers, five layers, ten layers, or more than ten layers of
fibers made of 2 or more distinct polymers. For example, in some cases, first and
second layers of a SRC structure 500, 510, 520, 530 can be made of different, but
heat-fusible, compatible materials (e.g., compatible polymeric materials). The first
and second layers can be oriented 1o have the same fiber orientalion, in some
cases. An exemplary SRC, in some cases, can include a first layer composed of a
SRC structure 500, 510, 520, 530 made of polyurethane that can be heat fused to a
second layer composed of a SRC structure 500, 510, 520, 530 made of a polyamide.
in some cases, first and second layers of a SRC structure 500, 510, 520, 530 can be
made of the same material, but have different physical properties. For example, in
some cases, a prosthetic heart leaflet material can include a first layer composed of
a SRC structure 500, 510, 520, 530 made of a first polyurethane and a second layer
composed of a SR structure 500, 510, 520, 530 made of a second polyurethane
having a lower durometer than the first polyurethane.

{00507 Reterring to FIGS. 6A and 68, each fiber 600, 850 of a SRC structure
(e.9., SRC structure 500, 510, 520, 530 of FIG. 5) provided herein can be made of a
polymeric material composed of a plurality of polymer crystals 610, 660. Polymer
crystals 610, 660 are regions of three-dimensional ordering formed by intramolecuiar
folding and/or stacking of adjacent polymeric chains. In some cases, as shown in
FIG. B8A, an individual fiber 800 can be composed primarily of amorphous domains,
or randomiy oriented polymer crystals 610, In some cases, as shown in FIG. 68, an
individual fiber 650 can be composed primarily of crystaliine or semi-crysialiine
domains, for example, aligned crystals 660 that are oriented in one direction. In
some cases, the individual fiber 850 can include aligned crystals 660 oriented in two
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or more directions. For instance, in some cases, each fiber 650 can include crystals
660 configured in a uniaxial, biaxial, traxial, or quadraxial orientation. In some
cases, fibers 600, 650 can be oriented within g SRC structure such that the crystal
structure of individual fibers 600, 650 are aligned o increase and/or maximize the
mechanical properties in a particular direction in the heart valve leaflets provided
herein.

{0051} SRC structures (e.g., fibers and reflowed fiber domain regions)
provided herein can be composed of various polymeric materials. In various cases,
a SRC structure, for example, fibers {e.g., fiber 800, 650), can be made of a
medically suitable polymeric material. Suitable polymeric materials can include, bul
are not limited to, polypropylenes, polyesters, polytetrafiuoroethylenes (PTFE) such
as TEFLON® by E1. DuPont de Nemours & Co., polysthylenes, polyurethanes,
polyamides, nvions, polyetheretherketones (PEEK), polysulfones, fiberglass,
acrylics, tantalum, polyvinyl alcohols, carbon, ceramics, melals {e.g., titanium,
stainless steel), and combinations thereof. In some cases, suitable polymers for
forming SRC can be made from polyurethanes, for example, polyisobutylene
urethanes {PIB-PUR), polyurethane elastomers (e.g. Pellethane), polyether-based
polyurethanes (e.Q. Tecothane), polycarbonaie-based polyurethanes {e.g. Bionate
and/or Chronofiex) and combinations thereof. Some examples of suitable polymer
materials for SRC structures include, but are not limited to, polycarbonate, polyether,
polyester, polyamide, nyion 8, nylon 12, polyetherimide and combinations thereof. In
some cases, SRC siructures can be made of a silk-based biomaterial. Silk-based
biomaterials can include maierials constructed from silk proteing such as silkworm
fibroin, spider fibroin or Bombyx mori silk fibroin.  In some cases, SRC structures can
be composed of silk-like materials such as fibronectin, elastin, or other silk-like
proteins, for example, aneroin which is a prolein derived from the sea anemone
Nematostella veciensis.

{0052] In some cases, fibers and reflowed fiber domain regions within the
SRC material of a leallet (e.9., leaflet 300 of FIG. 3} provided herein can be made of
a liquid crystalline polymer (LCP). LCPs are a special class of aromatic polyester
and/or polyamide copolymers thai have semi-crystalling properties due {o regions of
highly ordered crystalline structures formed therein. Suitable fiber materials made of
LCPs include, but are not limited 1o, thermolropic polyester such as Vectran®,
poly{p-phenylene lerephthalamide) (PPTA}, and poly{phenylene benzobisoxazole)
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(PBO} and combinations thereof. Well-known LCPs include Keviar®, Vectran®,
Nomex®, Herachron®, Technora®, Twaron®, and Zylon®. In some cases, high
performance fibers can be ulilized in composite materials, such as gel-spun ulira-
high molecuiar weight polyethylene (Dyneema®).

[0053] LCPs are generally chemically inert and have a high creep resistance,
a high modulus and a high tensile strength. LCPs provide the advaniage of using
materials with thinner and smaller dimensions, e.g., layer thickness or fiber diameter,
without compromising strength, robustness and durability. In some cases, the
diameter of LCP fibers can be as small as 0.5 micrometers (microns), or about
00002 inches, and a total thickness of a leafiet (e.q., leafiet 300 of FIG. 3} provided
herein that are composed of LCP fibers can be as thin as about 50 microns to about
100 microns {or about .002 to about .004 inches).

{0054] In some cases, SRO structures {e.g., the fibers and the reflowed fiber
domain regions of a SRC structure) be made of an elastomeric polymer. Suitable
fibers and the reflowed fiber domain regions include, but are not limited to,
homopolymers, copolymers and terpolymers. Various polyurethanes can be used to
construct the fibers and the reflowed fiber domain regions, such as polyurethanes
with soft segments such as polyether, perfluoropolvether, polycarbonate,
polyisobutylene, polysiloxane, or combinations thereof. Polyurethane hard segmenis
can include, but are not limited 1o, methyiene diphenyt diisocyanate (MDD, 4,4'-
Methviene dicycichexyl dilsocyanate (H12MDE) and hexamethylene (HMDI). In
some embodiments, the polymer matrix can be formed from block polymers such as,
for example, poly(styrene-isobutylene-styrene) (SIBS) iri-block polymers.  Some
suifable elastomeric materials include, but are not limited 1o, silicones, nitrile rubber,
fluoroelastomers, polyolelin elastomers, latex-type elastomers, various natural
elastomers such as those made from collagen, elastin, celiulose, proteins,
carbohydrates and combinations thereof.

{0055] Leaflets provided herein (e.q., leaflet 300 of FIG. 3} can include SRC
composite structures having original {(i.e., pre-fused) fiber diameters that can range
from about 10 nanometers (nm) to about 100 nm, from about 100 nm {o about
50,000 nm or 50 micrometers, or from about 0.5 microns to about 200 microns {(or
about .00002 inches to about .0079 inches). In some cases, fibers can have original
diameters or average diameters of at least 1 micron {or .00004 inches). Pre-fused
fibers can be, in some cases, in the range of about 1 micron to about 100 microns
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{or about 00004 inches o about 004 inches), including all ranges and values
therebetween. in some cases, for example, suitable original fiber diameter sizes can
include ranges of about 1 micron to 5 microns {or aboul .00004 inches to aboul
0002 inches), 5 microns o 10 microns (or 0002 inches 1o about .0004 inches), 10
microns to 20 microns (or .0004 inches o about .0008 inches), 20 microns fo 50
microns (or .0008 inches to about .0020 inches), and 50 microns o 100 microns {or
002 inches fo about .004 inches). In some cases, original fibers can have diameters
in the range of about 1 microns to about 10 microns {or .0004 inches o about .0020
inches), including all ranges and values therebetween. In some cases, the pre-fused
fiber made from polymers can range from about 5 microns to about 100 microns {(or
00002 inches to about .0040 inches), from about 10 microns to about 75 microns {or
0004 inches to about .003 inches), from about 10 micron 1o about 50 microns {or
.0004 inches to about .0020 inches), from about 20 microns to about 100 microns {or
0008 inches to about .0040 inches), from about 25 microns o about 200 microns {(or
001 inches 1o about .008 inches), or from about 20 microns 1o about 50 microns {(or
0008 inches to about .002 inches). in some cases, pre-fused fibers, such as LCP
fibers, can range from 0.5 microns {(or 500 nanometers) to 5 microns {or about
00002 inches to about .00020 inches).

{0056} Leaflets provided herein (e.q., leaflet 300 of FIG. 3} can include SRC
composite structures having original {i.e., pre-fused) fibers that are circular in cross
sectional shape, or square, or oval, or hexagonal, or some other shape. In some
cases, the cross-sectional shape of the fibers of a SRC composite siructure can be
different before and after fusing. For example, in some cases, a SRC composite
structure having original {i.e., pre-fused) fibers with a circular cross-sectional shape
can have post-fused fibers with a non-circular cross-sectional shape, such as a
reclangular or oval shaped cross-sectional shape.

{0057} FIG. 7 provides anocther embodiment of a prosthetic heart valve 700.
Prosthetic heart valve 700 includes a base 712 defining a substantially cylindrical
passage 713 and a plurality of polymeric leallels 714 disposed along the
substantially cylindrical passage 713. Each polymeric leaflel 714 includes a
respective root portion 716 coupled 1o base 712 and a respective edge portion 718
movable relative 1o the root portion 718 1o coapt with the edge portions of the ather
polymeric leaflets along a coaptation region.  In some cases, the entire heart valve
700 can be made of a composite malerial provided herein. In some cases, portions
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of heart valve 700, e.g., the polymeric leafleis 714 of the heart valve 700, can be
made of composite materials provided herein. In some cases, the polymeric leaflets
714 can include SRC structures provided herein.

{0058} Base 712 includes a frame 722 disposed in a polymer layer 724, The
polymer layer 724 can be composed of composite materials provided herein. In
some cases, polymer layer 724 can include a SRC siructures provided herein.
Polymer layer 724 secures respective root portions 716 of polymeric leallets 714 {o
the base 712. Polymer layer 724 can form a substantially continuous surface with
respective root portions 716 of polymeric leaflets 714, This can reduce the likelihood
of stress concenirations at the junclion of respective root portions 716 and base 712.
Additionally or alternatively, polymer layer 724 can be disposed between each of
polymeric leaflets 714 and frame 722 such that polymer layer 724 protects polymeric
leaflets 714 from inadvertent contact with frame 722 {e.g., as can occur through
ecceniric deformation of prosthetic heart valve 700 on a calcium deposit present at
the implantation siie).

{00591 In some cases, frame 722 is substantially cylindrical such that the outer
surface of the base 712 is substantially cylindrical and the polymer layer 724
disposed on the frame 722 forms the substantially cylindrical passage 713. In some
cases, frame 722 is completely disposed in the polymer layer 724, with the polymer
layer 724 forming a conioured outer surface of the valve 700. In some cases, the
frame 722 is partially disposed in the polymer layer 724. in some cases, the polymer
layer 724 is applied to the frame 722 to form a substantially smooth inner and/or
outer surface of the valve 700.

{00601 Although the prosthetic heart valves provided herein are generally
made of synthelic materials, such as SRC structures, in some cases, prosthetic
heart valves can be made of both synthetic materials and non-synthelic materials
such as animal lissue. For example, in some cases, at least a portion of a leaflel
provided herein can be made from SRC structures provided herein as well as tissue

obtained from an animal, e.g., bovine pericardium or porcine tissue.

Methods of Forming Self-Heinforced Composiie Siructures

{0061} Various methods can be utilized to form SRC structures provided
herein. For example, in some cases, a method for forming the prosthetic heart
valves provided herein includes, but is not limited to, the use of hot compaction. In
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some cases, a hot compaction process can be applied to form SRC structures
provided hersin. In some cases, hot compaction is uliized to form synthetic heart
leaflets that can mimic mechanical properties of native leaflets, for example,
exhibiting anisotropic properties.

{0062} Referring back to Fi(a. 4, which provides an image of an exemplary
SRC structure 400 provided herein, fibers 610 can be lightly compacted and heated
tagether to fuse adjacent fibers logether. Individual fibers 410, when compressed
and heated, can melt interfacial regions that form reflowed fiber domain regions 420
between the fibers 410.

[0063] In some cases, SRC structures provided herein can be formed by
compressing and heating a fibrous structure o a predetermined temperature for a
predetermined amount of time o fuse the fibers without compromising the crystal
orientation of individual fibers of the fibrous structure. A suitable predetermined
temperature can range between a glass transition temperature (Tg) and the melling
point temperature (Tm) of a fiber material. In some cases, the predetermined
temperature can be near a melting point temperature, for example, about = 1 degree
Ceilsius of the melling point temperature, about £ 5 degrees Celsius of the melting
point temperature, about £ 10 degrees of the melting point temperature, or about +
15 degrees Celsius of the melting point temperature, about = 20 degrees Celsius of
the melting point temperature, or about £ 50 degrees Celsius of the meiting point
temperature. The predetermined temperature can be just above the meliing point
temperature, for example, in some cases, about 1 degree Celsius, 3 degrees
Celsius, 5 degrees Celsius, 7 degrees Celsius, 10 degrees Celsius, 15 degress
Celsius, 20 degrees Celsius, 25 degrees Celsius, 30 degrees Celsius, 35 degrees
Celsius, 40 degrees Celsius, 45 degrees Celsius, or 50 degrees Celsius above the
melting temperature of a fiber material.  In some cases, the fibrous structure is
heated to a temperature ranging from about 1 degree Celsius to 5 degrees Celsius,
about 5 degrees Celsius 1o about 7 degrees Celsius, about 7 degrees Celsius o
about 10 degrees Celsius, about 10 degrees Celsius to about 15 degrees Celsius,
about 15 degrees Celsius to about 20 degrees Celsius, about 20 degrees Celsius to
about 25 degrees Celsius, about 25 degrees Celsius to about 30 degrees Celsius,
about 30 degrees Celsius to about 35 degrees Celsius, about 35 degrees Celsius to
about 40 degrees Celsius, about 40 degrees Celsius 1o about 45 degrees Celsius,
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about 45 degrees Celsius to about 50 degrees Ceisius, or greater than 50 degrees
Celsius above or below the melling termperature of the polymer.

[0064] I some cases, the fibrous siructure is compressed and heated from
aboui 1 minuie {min) to about 180 minutes, including any values or ranges
therebetween. In some cases, the fibrous structure is compressed and heated from
about 1 minute {min) lo about 30 minutes, aboul 30 minules to about 80 minutes,
about 60 minutes o about 90 minutes, about 90 minules to about 120 minutes,
about 120 minules o about 150 minutes, about 150 minutes o about 180 minutes.
in some cases, the fibrous structure is compressed and heated from about 1 minute
{min} to about 5 minutes, about 5 minutes to aboul 10 minutes, about 10 minules {o
about 15 minules, about 15 minutes o about 20 minutes, about 20 minules to about
30 minutes, about 30 minutes {o about 40 minutes, aboul 40 minutes to about 50
minutes, aboul 50 minules to about 60 minutes, about 60 minutes o about 90
minutes, about 90 minutes to about 120 minutes, about 120 minutes o about 150
minutes, about 150 minutes to about 180 minutes, or greater than 180 minuies.
[0065] in some cases, the fibrous structure is compressed with a pressure
ranging from about 0.1 tons (about 91 kilograms) to about 10 tons (8,071 kilograms)
of pressure, including all values and ranges thersbetween.

{00686} in some cases, the holt compaction process includes using a
predetermined temperature that can range from a glass transition temperature {Tg)
and a melling temperature {Tm) of the fiber material. In some cases, a
compressional strain percentage ranging from about 0% o about 50% is applied to a
plurality of fibers of the fibrous siructure during the compressing and the heating
steps of the hot compaction process.

[0067] SR structures can, in some cases, include “melt regions” between
fibers of the structure. In some cases, the melt regions can be formed when portions
of the fibers melt and fuse o adjacent fibers and/or melt regions. In some cases, the
meli regions can fuse the fibers of the SRC struciure together. As the SRC structure
cools, its melt regions can recrystallize info a different structure or remain in a same
or similar structure as compared {0 pre-melied fibrous struclure, in some cases. For
example, in some cases, a SRC struciure can include melt regions that recrystallize
into an amorphous structure that was existent in the fibrous structure prior {0 the melt

processing.
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[0068] The melt processing provided herein, in some cases, vields a SRC
structure that fuses each fiber with its neighboring, adjacent fibers. Benefits of the
resultant SRC structure can include increasing the sirength of the material by
producing highly aligned crystalling fibers and/or enhancing material toughness due
to fused interfiber regions. In some cases, hot compaction processing can enable
the use of a wide selection of material compositions and fiber alignments for
producing a synthetic leaflet capable of more closely mimicking nalive leaflet
properties.

10069} There are several methods that can be used o achieve the initial fiber
alignment and resultant fused SRC structure. Suitable methods can include, but are
not limited to, an injection molding, uniaxial or biaxial pressing, isostatic pressing,
slip casting, or extrusion molding process. Suitable methods can, in some cases,
include an overheating methed or a film stacking method, as will be discussed
herein.

{0070} An overhealing method can be used io creale a large enough
processing window for creating SRC siructures. In the overheating method, fibers
are embedded into a molten reflowed fiber domain regions composed of the same
material as the fibers. The fibers are constrained while being embedded into the
molten reflowed fiber domain regions , e.g., consirained in g fibrous struciure, such
that the melling temperature of the fibers shift o a higher melting temperature.
Polymer fibers can be coverheated above their meiting temperature when the fibers
are constrained. The overhealing method provides the benefit of preventing or
minimizing shrinkage during processing of the resultant SRC structure,

{0071} A film stacking method is a method that hot presses together a fibrous
structure {which can also be described as a reinforcing textile structure) placed
between two malrix films. Suilable malerials that can be used when applying the film
stacking method include, but are not limited to, nylon such as aramid, polypropylene
(PP}, polyethylene (PE), ulira-high-molecular-weight polyethylene {(UHMWPE),
poiylactic acid (PLA), and isotactic polypropyiene (iPP) fibers. Advantages of the
film-stacking method include the use of a wide processing window, freedom of the
material selection, and simplified manufacturing.

{0072} in some cases, an initial SKRC structure can be formed and then
subsequently laminated with additional fibers (or layers of fibers) in successive
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layers that are deposited in a non-parallel arrangement.  Multiple layers could be
built up in this manner prior to compaction.

{0673} SRC structures can be made, in some cases, by using two or more
polymer types. In some cases, an exemplary SRC siructure can be formed by
producing a pre-cursor structure composed of a bicdegradable material {(e.q.,
polylactic acid) and a non-biodegradable material {(e.g., polyurethane). In some
cases, the fibers and/or portions of the reflowed fiber domain regions are composed
of the non-biodegradable material. In some cases, a portion of the fibers and/or
reflowed fiber domain regions are composed of the biodegradable material. The
exemplary SRC can be formed when the biodegradable material degrades, leaving
the non-biodegradable material behind. The resullant exemplary SRC structure
includes a porous composite composed of fibers fused together with reflowed fiber
domain regions made of the same material as the fibers.

[0074] In some cases, a SRC structure can be made using two or more
materials composed of a same base material, but having different physical
properties, e.g., different melting points. For example, in some cases, an exemplary
SRC structure can inciude a first plurality of fused fibers made of a high-meit-
temperature polyurethane and a second plurality of fused fibers are made of a low-
melt-temperature polyurethane.  The reflowed fiber domain regions can be
composed of the low-melt-temperature polyurethane, the high-melt-temperature
poiyurethane or both, in some cases.

{0075} The SRC structure provided herein can be formed with aligned polymer
crystals oriented in one or more directions. Suitable methods of orienting crystals in
a self-reinforced composite include, but are not limited to, exiruding, drawing, and
rolling. For instance, in some cases, extruding, drawing or rolling fibers can align
polymer molecules and/or polymer crysials within each fiber, thus increasing or
maximizing crystal alignment of the resultant self-reinforced composite. In some
cases, oplimizing process parameters can maximize crystal alignment, for example,
parameters such as solvent selection and composilion, drying time and target

distance in electrospinning.
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CLAIMS

We claim:

1.

A prosthetic heart valve leaflet comprising a seif-reinforced composite (SRC)
structure that includes a first layer comprising a first plurality of fused fibers
includes a first polymeric material and characterized by each fiber being fused
o at least one adjacent fiber by a reflowed fiber domain region.

The prosthetic heart valve leaflet of claim 1, further comprising a second layer
that includes a second plurality of fused fibers composed of a second
polymeric material and characterized by each fiber being fused to al least one
adjacent fiber by a reflowed fiber domain region

The prosthetic heart valve leaflet of claim 2, wherein the first plurality of fused
fibers and the second plurality of fused fibers are generally aligned in at least
two directions such that the first plurality of the fused fibers are oriented at a
first predetermined fiber angle relative to the second plurality of fused fibers.
The prosthetic heart valve leaflet of any one of claims 1-3, wherein the first
plurality of fused fibers are generally aligned in a direction defining a first
longitudinal axis, the first longitudinal axis being oriented at an angle relative
to a free edge of the prosthetic heart valve leaflet.

The prosthetic heart valve leallet of any one of claims 2-4, wherein the first
layer is disposed adjacent to the second layer.

The prosthetic heart valve leaflet of any one of claims 2-4, wherein the first
and second plurality of fused fibers are generally aligned relative to each
other to form a biaxial orientation within the SRC structure.

The prosthetic hearl valve leaflet of any one of claims 3-5, wherein the
predetermined fiber angle is an orthogonal angle.

The prosthetic heart valve leaflet of any one of claims 3-5, wherein the
predetermined fiber angle is one of 10, 20, 30, 40, 45, 50, 60, 70, or 80
degrees.

The prosthetic heart valve leaflet of any one of claims 1-8, wherein the SRC
structure comprises additional layers io form a three-, four-, or a five-

composite-layered SR struchure.
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1.

12.

14.

16.

17.

18.

The prosthetic heart valve of claim 9, wherein the three-, four- or five-
composite-layered of the SRC structure forms a triaxial, a quadaxial or a
quinaxial orientalion, respectively.
The prosthetic heart valve leaflet of any one of claims 1-10, wherein each
fiber of the first plurality of fused fibers comprises an aligned polymer crystal
orientation that is generally parallel with the first longitudinal axis.
The prosthetic heart valve lealflet of any one of claims 1-8, wherein the first
polymeric material is a polyurethane, a polyiscbutylene wrethane (PIB-PUR)
copolymer, a polyamide, a polyimide, a peolycarbonate, a polyester, a
polyetherether ketone, or a fluorinated polyolefin.
The prosthetic heart valve leaflet of any one of claims 2-10, wherein the first
and second polymeric materials are different materials.
The prosthetic heart valve leaflet of claim 13, wherein the first polymeric
material is a first polyurethane and second polymeric material is a second
polyurethane, wherein the first polyurethane has a higher mell temperature
than the second polyurethane.
A method forming a prosthetic heart valve leaflet defined by one of claims 1-
14, the method comprising:

compressing and heating a plurality of fibers made of the first polymeric
material 1o a predetermined temperature for a predetermined amount of time
o form the self-reinforced composite structure in which portions of the
plurality of fibers are fused together.
A prosthetic heart valve leaflet comprising a self-reinforced composite (SRC)
structure that includes a first layer comprising a first plurality of fused fibers
composed of a first polymeric material and each fiber being fused to at least
one adjacent fiber by a reflowed fiber domain region.
The prosthetic heart valve leaflet of claim 186, further comprising a second
layer that includes a second plurality of fused fibers composed of a second
polymeric material and characterized by each fiber being fused o at least one
adjacent fiber by a refliowed fiber domain region
The prosthetic heart vaive leaflet of claim 17, wherein the first plurality of
fused fibers and the second plurality of fused fibers are generally aligned in at
least two directions such that the first plurality of the fused fibers are oriented
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19.

20.

21.

22.

23.

24.

25.

28.

27.

28.

at a first predetermined fiber angle relative to the second pluraiity of fused
fibers.

The prosthelic heart valve leaflet of claim 16, wherein the first plurality of
fused fibers are generally aligned in a direction defining a first longitudinal
axis, the first longitudinal axis being criented at an angle relative to a free
edge of the prosthetic heart valve leaflet.

The prosthetic heart valve leaflet of claim 17, wherein the first layer is
disposed adjacent to the second layer.

The prosthetic heart valve leaflet of claim 17, wherein the first and second
plurality of fused fibers are generally aligned relative to each other o form a
biaxial orientation within the SRC structure.

The prosthetic heart valve leaflet of claim 18, wherein the predetermined fiber
angle is an orthogonal angle.

The prosthetic heart valve leaflel of claim 18, wherein the predetermined fiber
angle can range from about 10 degrees o 20 degrees, from about 20 degrees
o 30 degrees, from about 30 degrees to about 40 degrees, from about 40
degrees to about 45 degrees, from about 45 degrees to about 50 degrees,
from about 50 degrees 1o about 60 degrees, from about 60 degrees to about
70 degrees, from about 70 degrees to about 80 degrees.

The prosthetic heart valve leaflet of claim 16, wherein the SRO structure
comprises additional layers to form a three-, four-, or a five-composite-layered
SR structure.

The prosthetic heart valve of claim 24, wherein the three-, four- or five-
composite-layered of the SRC structure forms a triaxial, a quadaxial or a
quinaxial orientation, respectively.

The prosthetic heart valve leaflet of claim 16, wherein each fiber of the first
piurality of fused fibers comprises an aligned polymer crystal orientation that
is generally paraliel with the first longitudinal axis.

The prosthetic heart valve leaflet of claim 16, wherein the first polymeric
material is a polyurethane, a polyisobutylene urethane (PIB-PUR) copolymer,
a polyamide, a polyimide, a polycarbonate, a polyester, a polyetherether
ketone, or a fluorinated polyolefin.

The prosthetic heart valve leaflet of claim 17, wherein the first and second

polymeric materials are different materials.
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29.

30.

31.

32.

34.

35.

The prosthelic heart vaive leaflet of claim 28, wherein the first pelymeric
material is a high-melt-lemperature polyurethane and second polymeric
material is a low-melt-temperature polyurethane.

The prosthetic heart valve leaflet of claim 17, wherein the first layer at least
partially overlaps the second layer.

The prosthetic heart valve leaflet of claim 17, wherein at least a portion of the
first layer is fused 1o at least a portion of the second layer.

The prosthetic heart valve leaflet of claim 16, wherein each fiber of the first
plurality of fibers has a generally square, oval, or hexagonal cross-sectional
shape.

A method forming a prosthetic heart valve leaflet, the method comprising
comprassing and heating a fibrous structure comprising a plurality of fibers
made of a polymeric material to a predetermined temperature for a
predetermined amount of time to form a self-reinforced composite (SRC)
structure in which portions of the plurality of fibers are fused together.

The method of claim 33, wherein the fibrous structure comprises a plurality of
fibers each having an original fiber diameter ranging from about 10 nm to
about 50,000 nm (or 50 micrometers) prior 1o the compressing and healing.
The method of claim 33, wherein the predelermined iemperaiure ranges from
a glass transition temperature (Tg) and a melting temperature {Tm); and a
compressional strain of between § and 50 is applied {o the plurality of fibers of
the fibrous structure during the compressing and the heating.
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