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SUTURE WITH APERTURE FOR USE IN PROSTHETIC DEVICES
CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of U.S. Provisional Application No.
62/984,959, filed March 4, 2020, the content of which is incorporated herein by

reference in its entirety.
FIELD

[002] The present disclosure concerns aspects of prosthetic valves and sutures
used to provide enhanced structural integrity and strength thereto.

BACKGROUND

[003] The human heart can suffer from various valvular diseases. These valvular
diseases can result in significant malfunctioning of the heart and ultimately require

the replacement of the native valve with an artificial valve.

[004] When the native valve is replaced, surgical implantation of a
prosthetic valve had required an open-chest surgery during which the heart is
stopped, and the patient is placed on cardiopulmonary bypass (a so-called “heart-
lung machine”). Because of the drawbacks associated with conventional open-heart
surgery, percutaneous and minimally-invasive surgical approaches are garnering
intense attention. In one technique, a prosthetic valve is configured to be implanted
in a much less invasive procedure by way of catheterization. For instance, U.S. Pat.
Nos. 5,411,522 and 6,730,118, which are incorporated herein by reference, describe
collapsible transcatheter heart valves that can be percutaneously introduced in a
compressed state on a catheter and expanded in the desired position by balloon
inflation or by utilization of a self-expanding frame or stent.

[005] An important design parameter of a transcatheter heart valve is to ensure the
integrity of all valve components. Many of the prosthetic valve components are

connected with various sutures. Similar sutures are also used to connect the valve’s
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components with the surrounding tissues as appropriate. One drawback of this
structure is that the suture can cut through the tissue causing unnecessary damage
to the valve resulting in valve malfunction. Therefore, there are needs for
reinforcement members and methods for attaching the same that substantially
eliminate these issues and improve the safety of the patient. These needs and other
needs are at least partially satisfied by the present disclosure.

SUMMARY

[006] Aspects of the present disclosure relate to prosthetic valves. Some aspects
relate to a prosthetic valve that comprises at least one reinforcement member
configured to be attached with an attachment member to one or more components of
the prosthetic valve. In such aspects, the at least one reinforcement member can
comprise a suture having a longitudinal axis and a transverse axis perpendicular to
the longitudinal axis, and wherein at least a portion of the suture comprises a
plurality of apertures. Furthermore, in certain aspects, each of the plurality of
apertures is configured to receive the attachment member for coupling the suture to
the prosthetic valve.

[007] One aspect of the prosthetic valve can comprise the attachment member
that comprises one or more stitches. In certain aspects, the stitches are used to
couple the suture to the prosthetic valve. In such aspects, the stitches pass through
the plurality of apertures present in the at least one suture and couple the suture to

the device.

[008] Also disclosed herein are aspecis thal encompass methods of making the
disclosaed prostheblic valves. In one aspect, the mathod comprises: providing al least
one reinforcement mempber; attaching the al least one reinforcement meamber with a
first attachment member o one or more components of a prosthetic valve] wherein
the gt least one reinforcement member comprises a suturg having a longiiudinal axis
and a transverse axis perpandicular 1o the longitudinal axis, and wherein al least a
portion of the suture comprises 3 plurality of apertures, wherein gach of the plurality

of apertures iz conbigured 1o receive the first gilgchment member for coupling the
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suture {0 the prosthetic valve,  In further aspects and similarly io described above,
the first attachment member can comprise one or morg stiiches. it is further
understood that the aspects described in the methods of making the disciosed valve

can comprise any disclosed above sutures.

[009] Also disclosed herein is a kit comprising: at least one suture having a
ongiludinal axis and a ransverse axs perpendicular o the ongitudinal axis, and
wherein at least a portion of the suture comprises a plurality of aperiures, whersin
each of the plurality of aperfures s cordigured [0 raceive an attachment member for
coupling the suture to an article. In these aspects, the first attachment member can

comprise one or more stitches, flexible connectors, or any combination thereof.

[010] The foregoing and other features and advantages of the disclosure will
become more apparent from the following detailed description, which proceeds with
reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[011] FIGURES 1A-1B show a top flat-view of exemplary sutures; FIGURE 1C

shows g photograph of an sxemplary suture.

[012] FIGURE 2 shows a front view of an exemplary aspect of a prosthetic heart

valve.

[013] FIGURE 3 shows a side view of the prosthetic heart valve of FIG. 2 with the
puter skift removed o show an nner skird and valvular structure mouniad on the

frame.
[014] FIGURE 4 shows a rotated front view of the prosthetic heart valve of FIG. 3.

[015] FIGURES 5A-5B show an enlarged, partial cross-sectional view of a
prosihetic heart valve, according to some aspects.

[016] FIGURE 6 shows an endarged, partial cross-sectional view of a prosthetic

heart valve, according to ong aspect.
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[017] FIGURE 7 shows a top plan view of the prosthetic heart valve of FIG. 2.

[018] FIGURE 8 shows a side view of an exemplary leaflet shown in g flattened

configuration.

[019] FIGURE 9 shows a perspactive view of an exemplary frame of the prosthetic
heart valve of FIG. 2.

[020] FIGURE 10 shows a perspective view of an sxemplary frame of the

prosthetic heart vabve of FIG. 2.
DETAILED DESCRIPTION

[021] The present disclosure can be understood more readily by reference to the
following detailed description, examples, drawings, and claims, and their previous
and following description. However, before the present articles, systems, and/or
methods are disclosed and described, it is to be understood that this disclosure is
not limited to the specific or exemplary aspects of articles, systems, and/or methods
disclosed unless otherwise specified, as such can, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing

particular aspects only and is not intended to be limiting.

[022] The following description of the disclosure is provided as an enabling
teaching of the disclosure in its best, currently known aspect. To this end, those
skilled in the relevant art will recognize and appreciate that many changes can be
made to the various aspects of the disclosure described herein while still obtaining
the beneficial results of the present disclosure. It will also be apparent that some of
the desired benefits of the present disclosure can be obtained by selecting some of
the features of the present disclosure without utilizing other features. Accordingly,
those of ordinary skill in the pertinent art will recognize that many modifications and
adaptations to the present disclosure are possible and may even be desirable in
certain circumstances and are a part of the present disclosure. Thus, the following
description is again provided as illustrative of the principles of the present disclosure

and not in limitation thereof.
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DEFINITIONS

[023] As used in this application and in the claims, the singular forms “a,” “an,” and
“the” include the plural forms unless the context clearly dictates otherwise. Thus, for
example, reference to a “suture” includes aspects having two or more such sutures

unless the context clearly indicates otherwise.

[024] It is also to be understood that the terminology used herein is for the purpose
of describing particular aspects only and is not intended to be limiting. As used in
the specification and in the claims, the term “comprising” can include the aspects
“consisting of” and “consisting essentially of.” Additionally, the term “includes”

means “comprises.”

[025] For the terms “for example” and “such as,” and grammatical equivalences
thereof, the phrase “and without limitation” is understood to follow unless explicitly

stated otherwise.

[026] Ranges can be expressed herein as from “about” one particular value and/or
to “about” another particular value. When such a range is expressed, another aspect
includes from the one particular value and/or to the other particular value. Similarly,
when values are expressed as approximations, by use of the antecedent “about,” it
will be understood that the particular value forms another aspect. It should be further
understood that the endpoints of each of the ranges are significant both in relation to

the other endpoint, and independently of the other endpoint.

[027] Throughout this disclosure, various aspects of the disclosure can be
presented in a range format. It should be understood that the description in range
format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosure. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible subranges
as well as individual numerical values within that range. For example, description of
a range such as from 1 to 6 should be considered to have specifically disclosed
subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
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3 to 6, etc., as well as individual numbers within that range, for example, 1, 2, 2.7, 3,
4, 5, 5.3, 6 and any whole and partial increments therebetween. This applies
regardless of the breadth of the range.

[028] Further, the terms “coupled” and “associated” generally means electrically,
electromagnetically, and/or physically (e.g., mechanically or chemically) coupled or
linked and does not exclude the presence of intermediate elements between the
coupled or associated items.

[029] As used herein, the term “suture” refers to a multiflament thread, where the
filaments are braided together to form a thread having predetermined dimensions. In
certain aspects, the suture described herein can comprise two or more threads
(cords) that are fused together. It is understood that the sutures of the present

disclosure do not comprise woven or nonwoven fabric.

[030] As used herein, the term “stitch” refers to a monofilament or multifilament
thread that is used as an attachment member. Some exemplary stitching sutures can
have dimensions from 6-0 to 4-0.

[031] As used herein, the term or phrase “effective,” “effective amount,” or
“conditions effective to0” refers to such amount or condition that is capable of
performing the function or property for which an effective amount or condition is
expressed. As will be pointed out below, the exact amount or particular condition
required will vary from one aspect to another, depending on recognized variables
such as the materials employed and the processing conditions observed. Thus, it is
not always possible to specify an exact “effective amount” or “condition effective to.”
However, it should be understood that an appropriate effective amount will be readily

determined by one of ordinary skill in the art using only routine experimentation.

[032] Although the operations of exemplary aspects of the disclosed method may
be described in a particular, sequential order for convenient presentation, it should
be understood that disclosed aspects can encompass an order of operations other
than the particular, sequential order disclosed. For example, operations described
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sequentially may, in some cases, be rearranged or performed concurrently. Further,
descriptions and disclosures provided in association with one particular aspect are
not limited to that aspect and may be applied to any aspect disclosed.

[033] Moreover, for the sake of simplicity, the attached figures may not show the
various ways (readily discernable, based on this disclosure, by one of ordinary skill in
the art) in which the disclosed system, method, and apparatus can be used in
combination with other systems, methods, and apparatuses. Additionally, the
description sometimes uses terms such as “produce” and “provide” to describe the
disclosed method. These terms are high-level abstractions of the actual operations
that can be performed. The actual operations that correspond to these terms can
vary depending on the particular implementation and are, based on this disclosure,
readily discernible by one of ordinary skill in the art.

[034] In one aspect disclosed herein is a prosthetic valve compriging: al least one
reinforcement member configured 10 be altached with a first attachment member
one of more components of the prosthetic valve; whersin the at least one
refrforcement  meamber comprises a sulwre having a longitudingl axis and a
fransverse axis perpendicutar to the longitudinal axiz, and wherein at teast a portion
of the sutre comprisaes a plurality of aperiures, wherein each of the plurality of
apertures is contigured {0 receive the first allachment member for coupling the
suture {0 the prosthetic vabve. It is understood, however, that the sutire, as disclosed
hersin, does not have {o function as a reinforcement member but can be used as a
member configured to couple various components of the prosthetic valve or a simple

article.

[035] i cerimin aspects and as described herein, the sulure comprises &
muitifilament thread. In such aspects, the thread comprises wo or more filamenis
wharein the filaments have 3 thicknass from about .02 mm o about 0.5 mm,
including exemplary values of gbout 0.03 mm, about 0.04 mm, about 0.05 mm, abowt
G.06 mm, aboul 0.07 mm, about 8.1 mm, about 812 mm, about 815 mum, about .17
mim, about 0.2 mm, abowd 822 mum, aboul 8.25 mm, about 8.27 mmy, abowd 8.3 mim,

about 0.32 mm, about 8.35 mm, sbhout £.37 mm, about 8.4 mm, sbout 0.42 mm,
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about §0.45 mm, and about 0.47 wmm. It s further undersicod that each of the

flaments in the thread can have the same thickness or different.

[036] i stll further aspecis, the suture can comprise two or more threads thal are
coupled together. In such exemplary aspecis, each thread can comprise two of more
filaments, as disclosed above. In yet further aspects, the sulure can have a width
from about 01 mum 1o about 10 mm, including examplary values about 0.2 mm,
about 0.3 mm, about 0.4 mmy, about 0.5 mm, about 6.6 mm, about 0.7 mim, about 0.8
mm, abouwl 8.9 myn, about 1.0 mm, about 1.2 mm, aboul 1.5 mm, about 1.8 mm,
about 2 mm, aboul 2.2 mm, about 2.5 mm, about 2.8 mim, aboul 3 mm, about 3.2
mrn, about 3.5 mm, about 3.8 rn, about 4 mm, about 4.2 rumn, about 4.5 mm, about
4.8 mm, about & mm, aboul 5.2 mm, about 5.5 mm, aboul 58 mm, about § mm,
about 8.2 mm, about 8.5 mm, aboul 6.8 mm, about 7 mn, about 7.2 mm, about 7.5
mim, about 7.8 mm, about 8 mm, about 8.2 mm, about 8.5 mm, about 8.8 mm, about
8 mm, ghoul 9.2 ram, about 4.5 mm, and about 9.8 mm. I is undersiood that the

width of the sulure can have any value belwesn any two foregoing values.

[037] FIGS 14-1C show exemplary aspects of g reinforcemeant mamber comprising
a suture 100 FIG. 14 and 1B, for example, show the suture 108, having a
fongitudinal axis 103 and transverse axis 101, The suture 100 also comprises a
centerline 102, Exemplary suture 184 in FIG. 14 is g multifilament thread (cord)
having a reclanguiar shape and having a plurality of apertures 104 disposed slong at
teast a porlion of the centerline 102, The plurality of apsrtures 104, which forms an
opening extending through sl or a portion of the sulure 100, FIG. 1B shows a
braided suture 100 having a plurality of aperiures 104 braided within the suture 100
FiG. 10 shows a photograph of the exemplary suture 100 comprising two separate

braided threads 105 and 107 fused together 1o form g plurality of apertures 104,

[038] Apertures 184, in cerlain aspects, can be positioned within at least a poriion
of the cenierline 182, That is, the opening formed by the aperiures 1084 is posilioned
laterally (e, along a ransverse axis 101 of the suture 1008} along atf least a portion
of the centerline 102, along alt or a portion of the entire length of the suture 100, For
example, the gpertures 184 can be centered along the centerline 182 of the suture

-8-
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100, That is, the lateral center of the aperture 104 is ghigned with the centerline 102.
Yei, in other aspects, the plurglity of apertures 1084 can be located along the
centeriing 102 such that the cenler of the aperiure 104 i not aligned with the
caenierline 102, For example, the lateral center of each {or a subset) of the pluralily of
apsriures 104 iz not aligned with the centariing 102 of the sulure 108, e.g., offsst
from the centerling 102 along the transverse axis 101 of the suture 104G, In further
aspects, alf or a portion of the plurality of apertures 184 are located along the sulure
100 such that the aperture 104 is not aligned with the centerline 102, In such
sxemplary aspects, some of the plurality of aperiures are located slong the sulure
100 such thal the aperiure 104 is not aligned with the centerline 102, while others
are aligned. In some examplary aspects, no portion of the opening overlaps/aligns

with certerling 102 of the suture 184,

[039] in ceriain aspects and withoul any mitations, apertures 104 pragent in a
suiure 100 can have any design that would allow the desired outcome. For example,
apsriures 104 can have any regular or breguiar shape, including, for example, a
curvilinear {e.q., circular, olliptical, egy-shaped) or rectilinear shape {e.g., square,
reclangle, trapezoid, rhombus, Wangle, star. Various aperiures of a phurality of
apertures can have the same or different shapes. In certain aspects, a plurality of
apertures 104 can be positionsd in one longiiudinally-extending row along a length of
the suture 100, while in other aspects, a plurality of apertures 184 can be posilionad
in two or more longitudinally-extending rows along a length of the sulure 184, In
ceriain aspects, i a plurality of aperiures 184 are positioned in two or mors
ongitudinallv-extending rows, the apertures 104 can be positioned on the same line
along the ransverse axis, or they can be shifled/oHsel relative [0 each other. L is
undersicod that the present disclosure does not lmit the design and specific
positioning of the plurality of aperiures 144 in the suture 104

[040] Varicus aperiures of the plurality of apertures 184 within the sulure 180 can
have the same size or can have different sizes. The size of gach ot the pluralily of
aperiures 104 is substantially large encugh o gliow a needie and a stitch to pass

through. In certain aspects and withou! limitalions, the size of each of the pluralily of
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apertures 104 s from about 0.001 mm to gbout 1 om, including exemplary values of
about 8.002 rmm, about 8.005 mm, about 0.008 mm, about 8.01 rn, about .02 mm,
about .05 mm, about 0.08 mim, about G.1 mmn, gbout 0.2 mm, about 8.5 mm, about
£.8 mmy, about 1.0 mn, about 1.2 mm, about 1.5 mm, about 1.8 mm, about 2.6 mm,
about 2.2 mm, about 2.5 mm, about 2.8 mm, about 3.0 mm, aboul 3.2 mm, about 3.5
mm, about 3.8 mm, abowt 4.0 mm, shout 4.2 mm, about 4.5 mm, about 4.8 mm,
abzout 5.0 mm, aboul 5.2 mm, about 5.5 mm, about 5.8 mm, about 5.0 mm, about 5.2
mrn, about 5.5 mm, about 58 mm, about 8.0 mm, ghoul 6.2 mm, about 6.5 mm,
about 6.8 mm, about 7.0 mm, ahout 7.2 mm, about 7.5 mm, about 7.8 mm, about 8.0
i, gbout 8.2 mm, about 8.5 mm, asbout 8.8 mm, about 9.0 mm, aboul 9.2 mm,
aboul 8.5 mm, and aboul 2.8 mm. For axample, and without imitalions, in some
aspects, a portion of the plurality of gpertures 104 in the sulure 180 can have g zize
different from another portion of the plurality of apertures 104, BEven in turther
aspects, two adiacent aperiures 184 in the plurality of apertures 184 can have the
same size or different. It is understood that the size, as defined herein, references o
diamater or [0 the largest dimeansional length depending on the speacific shape and

wpe of the aperiure 104,

[041] in =till further gspects, the aperiures of 3 plurghly of gapertures 104 are spaced
apart by a spacing increment « along a length of the suture 100, The spacing ¢
measured belwesn the proximal end of the opening of a first gperture and a distal
end of the opening of an adiacent/second aperture. I is undersiood that in some
aspects, the spacing increment d bebween any two adiacent aperturaes of the plurality
of apertures 104 iz consistent amongst the plurality. While in other aspects, the
spacing incremeant ¢ bebween any two adiacent aperturas of the plurality of aperiures
104 varies amongst the plurghty. In still further aspects, the spacing increment ¢ can
have any valug thatl is substantial enough 1o ensure the sbuctural integrity of the
suivre 100, In certain aspects, the spacing increment o between any two adiacent
apartures is at least about 5% of the largest size aperture of the pluralily of apertures
presant in the sulure, at least about 10%, al least about 15%, al least aboul 20%, at
teast gbout 30%, at least ahout 40%., gt legst about 50%, about least about 60%, at
teast about 70%, at least aboul 80%, at least about 20%, al teast aboul 100%, or at
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tleast aboul 150% of the lgrgest size aperture of the plurghty of aperiures present in
the suture,

[042] i is undersiood that the disclosed hersin suture 100 is configured o ba
attached with the firsi alfachment member and/or second aitachment member o one
or more components of the prosthetic valve. The first attachment member or the
szcond allachment member can be any member configurad 1o permanently, semi-
permanently, and/or removably alfach the suture 100 1o the prosthetic vabve, in
ceriain aspsacts, the first attachment member and the second atlachmen! member
are the same, while in other aspects, they are different. In certain aspects, the first
attachment member (and/or second atiachmeant member) comprises stitches. In et
other aspecis, the first attachment member {and/or second atigchment member)
comprises any Haxble connectors known in the art and applicable 1o the desived
application. The stitches {or any othar altachment members as known in the arl)
pass through one or more apertures 1o couple the subure o the prosthetic valve, In
cerlain aspects, 4 needis can be used 1 pass the stitches {or any other attachment
members as known in the art) through the one or more gpertures 184, In certain
aspects, the stilches comprise a mono or multifilament thread comprising filaments
having a thickness from 6-0 o 4-0. In vet other aspects, the stiticthes comprise a
mang or multiifament thread comprising filaments having a thickness of from about
$.02 mm 1o about 0.5 mm, including exemplary values of about 0.03 mm, about 6.04
i, about 8.05 mm, sbout 0.08 mm, about 0.07 mim, about 0.1 mim, about 6,12 mm,
about .15 mun, about G317 mm, about 0.2 mm, about 022 mm, about 8.25 mm,
about .27 mm, about 0.3 mm, about 0.32 mm, about 0.35 mm, shout 0.37 mm,
about 0.4 mm, about .42 mm, about .45 mm, and abouwl 0.47 mm.

[043] In still further aspects, a suture 100 can comprise filaments made of various
materials. In certain aspects, a suture 100 can comprise a polyester material,
polyethylene, ultrahigh molecular weight polyethylene, silicone, polyurethane, Teflon,
polyether ether ketone (PEEK), or natural tissue, or a combination thereof. In yet
further aspects, a suture 100 can comprise engineered materials. In such aspects,

the engineered materials can comprise, for example, bicomponent filaments. In
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some exemplary aspects, bicomponent filaments can be present in core-sheath
configuration, side-by-side configuration, or islands-on-sea configurations. It is
understood that each component of the bicomponent filaments can be selected
depending on the desired application. It is further understood that in certain aspects,
a suture 100 comprising a multifilament thread can comprise filaments comprising
the same material. While in some alternative aspects, a suture 100 can comprise

filaments comprising different materials.

[044] i st furiher aspects, the one or morg components of the prosthelic valve
can comprise, for example, and without limilation, leallets, skirg, suppott layers, g

framne, or any combination thereot,

[045] Some exemplary aspects {or the sulure's use in the prosthatic valve are

shown in the following figures and description.

[046] For example, FIGS. 2 and 7 show side and top plan views, respectively, of an
exemplary prosthetic heart valve 10 having an inflow end 80 and an outflow end 82,
according to one aspect. Example prosthetic heart valves 10 are described in U.S.
Patent No. 10,463,484, titled “Prosthetic Heart Valve Having Leaflet Inflow Below
Frame,” which is incorporated herein by reference. The illustrated prosthetic valve 10
is adapted to be implanted in the native aortic annulus, although in other aspects, it
can be adapted to be implanted in the other native annuluses of the heart (the mitral
valve, pulmonary valve, and tricuspid valve). The prosthetic valve 10 can have one
or more of the following components: a stent or frame, 12, a valvular
structure 14, and an inner skirt, or sealing member, 16. The valve 10 can also
include an outer skirt, or sealing member, 18. As can be seen in these figures, and
as it is discussed in more detail below, suture 100 can be used to attach various
portions of the prosthetic valve together. The position of the suture 100 on these
figures is only exemplary and non-limiting. Suture 100 can be utilized in any place or
position that is configured to couple two or more components of the valve together.

[047] in ceriain aspects, a prosthelic valve 10 can comprise one or more leaflels,

wherein gach of the one or more lealiets 20 has a first surface and an opposite
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second surface, g leaflet intlow edge, and a leallet cutllow edge. In some exemplary
aspects and as shown in FiGE. 7, the vabular structure 14 can comprise thres
leafiets 20, collectively forming a valvulgr struciure, which can be arranged o
colfapse In a  bicuspid  amangement.  The  lower  edge of  wvabular
siructure 14 desirably has an undulating, curved scalloped shapes. By forming the
teatiets 20 with this scalioped geomelry, stresses on the leafleis are reduced, which
i ture improves the durability of the valve 10, Moreover, by viriue of the scalioped
shape, folds and ripples at the belly of each leafiet 20 (he ceniral region of each
teafiet), which can cause garly caleification in those areas, can be eliminated or at
legst minimized, The scalloped geometry also reduces the amount of tissue material
used to form the vabvular structure 14, thereby allowing a smaller, mare even
critnped profile at the inflow end of the valve. The leatlets 20 can be formed of
pericardial tissue (2.g., bovine pericardial tissue), biocompatible synthelic materials,
or various other suitable natural or synthaetic materials as known i the art and

described in LS. Pat. No. 6,730,118, which is incorporaied herein by reference.

[048] As noted above, valvular structure 14 in the illustrated and unlimited aspect
can include three flexible leaflets 20 (although a greater or fewer number of leaflets
can be used). An exemplary leaflet 20 is shown in FIG. 8. Each leaflet 20 can have
the disclosed herein suture 100 secured with the first attachment member 61 through
the plurality of apertures 59 to the first surface of the lower edge portion 56. Each
leaflet 20 in the illustrated configuration can have an upper (outflow) free edge 48
extending between opposing upper tabs 50 on opposite sides of the leaflet 20. Below
each upper tab 50, there can be a notch 52 separating the upper tab 50 from a
corresponding lower tab 54. The lower (inflow) edge portion 56 of the leaflet
extending between respective ends of the lower tabs 54 can include vertical, or axial,
edge portions 60 on opposites of the leaflets extending downwardly from
corresponding lower tabs 54 and a substantially V-shaped, an intermediate edge
portion 62 having a smooth, curved apex portion 64 at the lower end of the leaflet
and a pair of oblique portions 66 that extend between the axial edge portions 60 and
the apex portion 64. The oblique portions 66 can have a greater radius of curvature
than the apex portion 64. The leaflets can have various other shapes and/or
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configurations in other aspects. For example, the leaflets need not have a V-shaped
or scalloped inflow edge, and instead, each leaflet can have a square or rectangular
shape defining a straight inflow edge. Presence of suture 100 can protect the
pericardial tissue of the leaflets 20 from undesirable damages. Certain exemplary
aspects of the suture 100 positioning are shown in FIG. 5A. In FIG. 5A right side, the
suture 100 is positioned on the first surface of the lower edge portion of the leaflet,
while in FIG. 5A left side, the suture 100 is positioned both on the first and the
opposite second surface of the lower edge portion of the leaflet such that the leaflet
is sandwiched between two sutures. The sutures in this aspect can be the same or
different and can comprise any shape, size, or design of the plurality of apertures as
disclosed herein.

[049] The exemplary leallets 20 are coupled with the frame of the prosthetic valve
12 (as shown, for example, In FIGS. 2-4). The exemplary bare frame 12 is shown
in FIGE. 8 and 18, The frame 12 has an inflow end 22, an ocutflow end 24, and a
ceniral ongitudingl axis 26 extending from the inflow end 22 (o the outflow end 24.
The trame 12 can be made of any of various suitghle plastically-expandable
malerials {e.g., stainless sieel, elc} or self-axpanding malerials (e.g., Nilinol} as
known in the art. When constructed of 3 plastically-expandable material, the
frarme 12 {(and thus the prosthelic valve 10 can be crimped o a radially compressed
sigte on a delivery catheter and then expanded inside g patient by an inflatable
balloon or equivalent expansion mechanism. When constructed of a self-expandable
malerial, the frame 12 (and thus the prosthelic valve 10} can be crimped 1o a radially
compressed state and restrained in the compressed stale by insertion into g sheath
or equivalent mechanism of a delivery cathster. Onee inside the body, the valve can
e advanced from the delivery sheath, which allows the valve {0 expand to s
functional size. Suitable plastically-expandable materials that can be used to form
the frame 12 include, without limitation, slainless steel, g nickel-based alioy {(e.g., 3
cabali-chromium or a nickel-cobalt-chromium  alloy), polymers, or combinations
thereol, In particular aspects, frame 12 can be mads of a nickel-cobalt-chromium-
molvbdenum alloy, such as MP35N™ (fradename of 5PS5 Technologiss), which is
equivalent to UNS R30035 (covered by ASTM FLE2-02). MPIENTWUING R30035
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comprises 35% nickel, 35% cobgh, 209% chromium, and 10% molybdenum, by
weaight, I has been found that the use of MPGSBN o form frame 12 provides supearior
structural resulls over stginless steel In particular, when MP35N is used zs the
frame material, less matarial s neaded {0 achieve the same or betler performance in
radial and crush force resistance, fatigue resisiance, and corrosion resisiancs.
dMorsover, since less material 18 required, the crimped profile of the frame can be
reduced, thereby providing a lower profile valve assembly for percutanecus delivery
o the tregiment location in the body.

[050] Az further shown in FIGS. 8 and 18, frame 12 in some exemplary and
untimiting aspecis can comprise a first, lower row 1 of angled siruts 28 arranged end-
io-end and extending circumierentially at the inflow end of the frame; a second row i
of circumferentially extending angled struls 30; a third row H of circumierentially
exisnding, angled struis 32; and a fourth row IV of clroumferentially extending angled
siruts 34 a1 the outtow end of the frame 12, The louwrth row IV of angled
siruts 34 can be connectaed (o the third row Il of angled struls 32 by a plurality of
axially extending window framme portions 38 (which define commissure windows 38)
and a plurality of axdally extending struts 40, Each axial strul 48 and each frame
portion 36 extends from g localion defined by the convergence of the lowser ends of
o angled struls 34 1o another location defined by the convergence of the upper
ends of two angled struts 32,

[051] Each commissure window frame poriion 38 mounis & respsactive commissure
74 of the leaflet structure 14, As can be seen, each frame portion 36 is secured at it
veper and lower ends [0 the adjacent rows of struls 10 provide g robust conbiguration
that enhances faligue resistance under ovclic oading of the valve compared (o
kniown cantilevered struls for supporting the commissuras of the leaflet structure.
This configuration enables a reduction in the frame wall thickness 1o achieve a
smaller crimped diameter of the valve. In parlicular aspects, the thickness of the
frame 12 measured between the inner diameter and ouler dismeter is about 0.48

miv or ss,

-15 -



WO 2021/178216 PCT/US2021/019681

[052] The struts and frame portions of the frame collectively define g pluralily of
open oells of the frame. Al the inflow end 220of the frame 12, struls 28 and
struts 30 define g lower row of celiz detining openings 42. The second and third rows
of sbuls 38 and 32, regpeciively, deline an intermediate row of cells delining
openings 44, The third and fourth rows of struls 32 and 34, along with frame
portions 36 and struts 40, define an upper row of cells delining openings 46. The
openings 46 are relatively large and are sized o allow portions of the valvular
structure 14 {o protrude, or bulge, into and/or through the openings 48 when the

frame 12 is crimped in grder 1o minimize the crimping profile.

[053] The frame 12 can have other conligurations o shapes in other aspects. For
gxample, the frame 12 can comprise 3 plurality of circumterential rows of angled
struts 28, 34, 32, 34 connecied directly 1 each other without vertical struts 480 or
frame  portions 38 between  adjacent  rows  of  gshruls, o the  rows  of
struts 28, 30, 32, 34 can be evenly spaced with vertical struts 40 and/or frame
portions 38 exiending therebetwesn. In other aspscis, the frame can comprise a

braided structure braided from one or more metal wires.

[054] The leaflets 20 can be sutured together to form the assembled valvular
structure 14, which can then be secured to the frame 12. It is understood that when
the leaflets 20 are sutured together, each of the leaflets can comprise a disclosed
herein suture 100 having a plurality of apertures 104. The coupling of the two or
more sutures together can be done by passing the first attachment member through
the plurality of apertures. It is understood that the suture can be positioned on the
first and/or second surface of the leaflet. In still further aspects, when two or more
leaflets are coupled together, for example, the sutures can be positioned in parallel
to each other. Generally, it is understood that the suture can be positioned in any
location that requires passing the attachment member through the leaflet or any
other tissue. In certain aspects and as described herein, the disclosed sutures are
designed to reinforce the tissue and prevent its tear. For example, the
leaflets 20 can be secured to one another at their adjacent sides to form
commissures 74 of the valvular structure. As can be seen in FIG. 3, a suture 100 can
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be used to form such commissures. A plurality of flexible connectors (not shown) can
be used to interconnect pairs of adjacent sides of the leaflets and to mount the
leaflets to the commissure window frame portions 30, as further discussed below. It
is further understood that such a mounting can be done by the use of the sutures
when the flexible connectors are passed through the plurality of apertures present in
the leaflet. The leaflets 20 can additionally and/or alternatively be secured together
via adjacent sub-commissure portions (not shown) of two leaflets that can be sutured
directly to each other with the use of one or more sutures described herein.

[055] In still further exemplary aspects, the one or more leaflets 20 can be attached
to the inner skirt 16, as shown, for example, in FIG. 5B. In such aspects, to reinforce
the leaflets and to prevent any undesirable damages, the disclosed herein suture
100 can be positioned along the lower (inflow) edge portions 56 of the leaflets 20.
The reinforcement suture 100 enables a secure suturing and protects the pericardial
tissue of the valvular structure 14 from tears. Valvular structure 14 can be
sandwiched between the inner skirt 16 and the suture 100. The first attachment
member 70 (FIG. 3) secures the suture 100 (FIG. 3) to inner skirt 16. It is understood
that the first attachment member can be any member described herein and can
comprise stitches such as, for example, an Ethibond suture. The attachment
member 70 can track the curvature of the bottom edge of valvular structure 14 and
are collectible referred to as scallop line 72. In other exemplary and unlimiting
aspects, in lieu of or in addition to the sutures 100 along the inner surface of the
leaflets, sutures 100 can be positioned between the inner skirt 16 and the inflow
edge portions (FIG. 5B).

[056] the inner skirt 16 can have a pluralily of functions, which can include
assisling in secuwring the vablvular sbucture 14 andior the ouler skirt o the
frame 12 and o assist in forming a good seal belween the valve 10 and the native
annulus by blocking the flow of blood below the lower edges of the leaflels. The inner
akirl 16 can comprise a fough, tearresistant malerial such as polysthylene
terephthalate {(PET), sithough various other synthelic or naturgl maternials can he
used. The thickness of the skint desirably s less than & mils or 015 mm, and
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desirabily less than 4 mils or 0.10 mm, and even more desirably about 2 mils or 0.05
mim. I particuiar aspects, the skirt 16 can have a variable thicknass, for axample,
the skirt can be thicker af iz edges than al iis center. In one implementation, the
skirt 16 can comprise a PET skirt having a thickness of about .07 mm at iis edges
and about G.06 mm al s cenier. The thinner skirt can provide for beller cnmping

performances while stilf providing good perivalvulay sealing.

[057] FiGES. 3 and 4 show the frams 12, the valvular structure 14 and the inner
skirl 18 after securing the valvular struciure 14 [0 the inner skirl 18 with the use of
suivre 100 and then securing these components io the frame 12 also with the use of
the sutures 108, hner skit 16 can be secured v the inside of frame 12 via
sutures 88, Suture 100 can be utilized {0 miligale damags (o the inner skirt 16, As
shown in FIGE. 3-4, portions of the inflow adge 56 of the leallets 20 are positionad
betwesn diagonal lnes defined by the struis 28, 38 of the first and second
circumferential rows of the struts {as shown in FIGS. ¢ and 18). In some aspects, the
infiow  edges 58 of the lesflels 28 can track the diagonal lines defined by the
siruts 28, 30, In such aspects, the porions of the inflow edge 58 above the inflow
end of the frame can be coupled o adiacent stuis 28, 30 by use of the disclosed

sulures 164

[058] The outfiow end portion of the valvular struciure 14 can be secured 1o the
window frame portions 36 with sutures 100 In particular, each leaflet 20 can have
opposing tab portions, each of which is paired with an adjacent tab portion of ancther
teatiet 1o form g commissure 74, 1 is understood that in such aspect, each of the t8h
portions of the leaflel s coupled with the adiacent tab portion of another keallet with
the uze of suture 100, 1t is further understood that in such aspects, ong or more
suiures 108 can be present. In some aspecis, each iab can be sandwiched batween
at least two sutures 104, or the suture can be positioned only on oneg surface of each
tab, B is further undersiood that two adiacent tahs can have sutres posilioned on
the same or different surfaces of the iab. As shown inFiG. 2, the
commmissures ¥4 can  extend through windows 38 of respeciive window  frame

portions 38 and be retained in place with the allachment member passing through
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the leallet and the suiure 100, Further details of the commissures 74 and a method
for assembling the commissures and mounting them to the rame are disclosed in

LS. Publication No. 2012/0123529, which is incorporated herein by reference.

[059] inner skirt 18 can terminate short of the window frame portions 36 and does
not extend the entire length of the frame 12, In altemalive aspects, inner skirt 186 can
exiend the entive length or subsiantially the eniire length of the frame 12 from below
the inflow end 22 (0 the outllow end 24, In other aspects, inngr skirt 16 can axtend
v [0 the second row of angled struis 38

[060] in particular aspects, and as shown 0 FIGE. 24, the valvular
structure 14 can extend axially beyvond the inflow end 22 of the frame 12 such that at
least a portdon of the inflow edges 86 of sach leallet is not supported by the
frame 12. For example, the apex portions 84 of the legflets 20 can extend axially
beyond and can be unsupporied by the frame 12. Additionally and/or alternatively,
the obligus portions 88 and the apex porlions 84 can axtend axially beyond and can
be unsupporied by the frame 12, Additionally and/or ghernatively, the inlermediate
portions 82, the obligue portions 88 and the apex portions 84 can exiend axally
beyond and can be unsupporied by the frame 12, Additionally and/or alternaiively,
the wvertical edge portions 88, the inlermediaie  portions 82, the  oblique
portions 68 and the apex poriions 684 can exiend axially beyond and can be
unsupporied by the frame 12, In some aspects, a portion 78 of each leaflel extends
elow the inflow end 22 of the frame a length Lithal is equal 1o or grealer than a
tength Lz of sach cell opening 42 in the axigl direction. In some gspects, Ls can rangse
betwesn abol 2 mym (o 8 mm in length, with 4 mm bDeing a specific example.
Additionslly and/or alternatively, Lican be up to 12 mm. In some aspects, Lszcan
range bebween about 3 mm 10 5 mm in length, with 4 mm being a specific example.

Additionally and/or sliernatively, Lacan range between 2 mm o 7 mm.

[061] Additionally and/or allernatively, as shown in FHG. 8B, the Inner skirt 18 can
include a first portion 84, also refarred {0 as supported portion, thal exdends
circumierentially around the central longitudinal axis of the prosthetic valve along an
inner surface of the frame 12 and 3 second portion, also referred {0 88 unsupported
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portion 78, at the inflow end 80 of the prosthetic valve 16, The unsupported
portion 78 is unsupporied by the frame 12, The unsupportaed portion 78 can extend
circumfereniially ground the cenlral longitudingl axis of the prosthetic valve to form
an unsupported circumference at the inflow end B8, As shown in FifE. 5B, the portion
of each leallet 20 that is not supported by the frame 12 can be connected o the
inner skirt 16, In some aspects, a length Lz of the unsupportad portion 78 is egual to
or greater than the length Lo of the openings 42. In some aspects, Lacan be 2 mim 1o
3 mm longer than Ly Additionally and/or alternatively, Lacan range from the same
tength as Lo 5 mm longer than Ly In some aspecis, Lscan range betwesn about 2
e o 11 mm in length, with © mm being a specific example. Additionally and/or
alternatively, Lacan be up to 15 mm.

[062] in ceriain aspecis and as described hergin, the prosthelic valve can also
comprise an outer skirt 18, The ouler skirt 18 can be lazser cul or otherwise formed
from a sirong, durable piece of malenal, such as woven PET, although other
synthatic or natural materials can be used. The culer skirl 18 can be secured io the
tower edge of the inner skirt 16 at the inflow end of the prosthetic valve, such as by
suiures, welding, and/or an adhesive with or without sutures 104, In particular
aspects, the lower edge of the outer skirt 18 i tightly sulured {with or without sutures
100 or otherwise secwred (s.g., by welding or an adhesive) (o the inner skirt 18,
Again, it is further understood thal in each coupling localion, the disclosed suture
100 can be ulilized,

[063] The absence of metal components of the frame or othey rigid members along
the infiow end portion of the prosthelic valve advantageously reduces mechanical
compression of the native valve annulus {e.g., the aortic annulug) and the left
vanivicular outfiow tract {when implanted in the aortic position}, thus reducing the risk
of traums io the surrounding ligsue,

[064] As shown in FHa. &, some aspects of a prosthetic valve 18 do not include an
inner skirt 16 and instead can include a support laver 118 disposed radially bebween
the frams 12 and the culer skirt 18, o such aspecis, the support layer 1180 and the
outer skirt 18 can form an outer sealing member with the support layer 110, forming
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an inner wall or layer of the sealing member and the ouler skirt forming an ouler wall
or layer of the sealing member. A first poriion 112 of the support laver 118 can
exiend circumiferentially arcund the ceniral longitudinal axis of the prosthelic valve
along an ouler surface of the rame 12, and a second portion 114 of the support
aver 118 can extend circumferentially arcund the central longitudinal axis axdally
beyond the inflow end 22 of the frame. The unsupported portions 76 of the lesliets
can be connecied o the suppor! layer 110 (e.¢., by sulures, an adhesive, andfor
welding) similar to the manner that the leaflets are connected 1o the inner skirt in the
aspact of FIG. 54-B. More specidically, in such aspacis, the inflow edge
portions 56 is sulured 1o sutures 168 and the support layer 110 with the inflow edge
portions 56 sandwiched  between the support layer T8 and the  sulure 100
Additionally, and/or alternatively, sulures 180 can be positioned belween the nflow
adge portions 86 and the support layer 118, with sulures securing these layers
together, Addilionally and/or altemalivaly, the outer skirt 18 can be connecied o the
second portion 114 of the support layer with or without sulure 108 {e.q., by sutures,

an adhesive, and/or welding).

[065] i is further undersinod thal the atlachment members describad hevein can
comprise a first gtigchment member, a second alfachment member, or any other
attachment member. T is further undersiond that the numbering descnbing the
attachiment membaer is used only to demonstrale that the attachment member can be
the same or different. For example, in some aspects, the coupling of the suture 100
with any component of the valve can be done wilh the stitches comprising the sams
material or the slitiches comprising different malerials. In yel other gspects, the
coupling can be done with the siiiches, Hexible conneciors, wires, or any other

known in the ant atiachment members appropriate for the desired applicalion.

[066] The aspects of the present disclosure also relate to methods of making a
prosthetic valve comprising providing at least one reinforcement member; attaching
the at least one reinforcement member with a first attachment member to one or
more components of a prosthetic valve; wherein the at least one reinforcement

member comprises a suture having a longitudinal axis and a transverse axis
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perpendicular to the longitudinal axis, and wherein at least a portion of the suture
comprises a plurality of apertures, wherein each of the plurality of apertures is
configured to receive the first attachment member for coupling the suture to the
prosthetic valve.

[067] It is understood that any sutures described herein can be used to produce
prosthetic valves. In certain aspects, the plurality of apertures are braided within the
suture. In such aspects, the plurality of apertures are formed by braiding. In yet other
aspects, the plurality of apertures are formed by combining two or more threads and
fusing them together such that the desired apertures are formed. It is further
understood that in the methods disclosed herein, the prosthetic valve can comprise
any of the components described above. It is further understood that any of the
described above attachment members can be used to couple the sutures to any of

the prosthetic valve components.

[068] Also disclosed herein is a kit comprising: &t ieast one suture having &
longitudingl axis and g transverse axis perpendicular 1o the longitudinal axis, and
whearein at least a portion of the sulure comprises a plurality of aperiures, wherein
gach of the plurality of apertures is configured o receive an attachment member for
coupling the suture 10 an article. H is undersiood that these kils can be used in any
known application where the coupling of two or more members is required. In still
further aspects, the disclosed herein kit can be used in any known applicalion where
the need to protect coupling members from the isars or any other damage exisis,
For example and without fimitation, the articles the suture is configured to be coupled
with can comprise a fabric, a tissue, a prosthetic valve, or any combination thereof.
In still further aspects, the suture present in the kit is configured to be a
reinforcement member. While in other aspects, the suture does not behave as a
reinforcement member but is just used as a member configured to couple various

components of the article.

[069] Any described herein sutures can be presant in the disclosed Kils. In carlain
aspects, the first altachment can also be present in the kil While in other aspecis,
the first attachmeni member is not a part of the kit, and any known in the art
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attachment members that are suitable for the desired application can be uzed. In
ceriain aspeacts, the first attachment member can comprise one or more stitches,
flexible connectors, or any combination thereof. In yet further aspects, the suture
present in the kit comprises a centerline positioned along its longitudinal axis. In
some exemplary aspects, the plurality of apertures can be positioned within at least
a portion of the centerline of the suture. While in other aspects, the plurality of
apertures can be positioned along all length of the suture. In alternative aspects,
each of the plurality of apertures is spaced apart by a spacing increment d along a
length of the suture. It is understood that in some aspects, the spacing increment d
between any two adjacent apertures of the plurality of apertures is the same. While
in other aspects, the spacing increment d between any two adjacent apertures of the
plurality of apertures is different. In yet further aspects, the suture present in the kit
can comprise a polyester material, polyethylene, ultrahigh molecular weight
polyethylene, silicone, polyurethane, Teflon, polyether ether ketone (PEEK), or
natural tissue, or a combination thereof. In still further aspects, the suture comprises
a plurality of apertures that can be braided within the suture. While in other aspects,
the suture can comprise two or more cords fused together to form the plurality of

apertures.
EXEMPLARY ASPECTS

[070] EXAMPLE 1: A prosthetic valve comprising: at lzasi one reinforcement
meamber configured {0 be aliached with a first attachment member 10 one or more
components of the prosthetic valve; wherein the al least one reinforcement member
comprises g sulure having a ongitudinal axis and a transverss axis perpandicular 1o
the longitudinal axis, and wherein at least a portion of the sulure comprises g
plurality of aperiures, and wherein each of the plurglity of apertures is configured o
receive the first attachment member for coupling the suture o the prosthelic valve.

[071] EXAMPLE 2: The prosthetic valve of any examples herein, particularly

example 1, wherein the first attachment member comprises one or more stitches.
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[072] EXAMPLE 3: The prosthetic valve of any examples herein, particularly
example 1 or 2, wherein the suture comprises a centerline positioned along its

longitudinal axis.

[073] EXAMPLE 4: The prosthetic valve of any examples herein, particularly
example 3, wherein the plurality of apertures is positioned within at least a portion of
the centerline of the suture.

[074] EXAMPLE 5: The prosthetic valve of any examples herein, particularly
examples 1-4, wherein each of the plurality of apertures is spaced apart by a spacing

increment d along a length of the suture.

[075] EXAMPLE 6: The prosthetic valve of any examples herein, particularly
example 5, wherein the spacing increment d between any two adjacent apertures of
the plurality of apertures is the same.

[076] EXAMPLE 7: The prosthetic valve of any examples herein, particularly
example 5, wherein the spacing increment d between any two adjacent apertures of
the plurality of apertures is different.

[077] EXAMPLE 8: The prosthetic valve of any examples herein, particularly
examples 1-7, wherein the suture comprises a polyester material, polyethylene,
ultrahigh molecular weight polyethylene, silicone, polyurethane, Teflon, polyether
ether ketone (PEEK), natural tissue, or a combination thereof.

[078] EXAMPLE 9: The prosthetic valve of any examples herein, particularly

examples 1-8, wherein the plurality of apertures is braided within the suture.

[079] EXAMPLE 10: The prosthetic valve of any examples herein, particularly
examples 1-8, wherein the suture comprises two or more cords fused together to

form the plurality of apertures.

[080] EXAMPLE 11: The prosthetic valve of any examples herein, particularly
examples 1-10, wherein the one or more components of the prosthetic valve

comprise leaflets, skirts, support layers, a frame, or any combinations thereof.
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[081] EXAMPLE 12: The prosthetic valve of any examples herein, particularly
examples 1-11, further comprising an annular frame having an inflow end, an outflow

end and a central longitudinal axis extending from the inflow end to the outflow end.

[082] EXAMPLE 13: The prosthetic valve of any examples herein, particularly
examples 1-11, comprising one or more leaflets, wherein each of the one or more
leaflets has a first surface and an opposite second surface, a leaflet inflow edge, and
a leaflet outflow edge.

[083] EXAMPLE 14: The prosthetic valve of any examples herein, particularly
example 13, wherein the leaflet inflow edge is positioned at least partially outside of
the frame.

[084] EXAMPLE 15: The prosthetic valve of any examples herein, particularly
example 13 or 14, wherein the leaflet outflow edge is positioned within the frame.

[085] EXAMPLE 16: The prosthetic valve of any examples herein, particularly
examples 13-15, wherein at least a portion of the leaflet inflow edges is unsupported
by the frame.

[086] EXAMPLE 17: The prosthetic valve of any examples herein, particularly
examples 13-16, wherein the at least one reinforcement member is positioned
adjacent to the first surface or the second surface of the one or more leaflets along

the leaflet inflow edge.

[087] EXAMPLE 18: The prosthetic valve of any examples herein, particularly
examples 13-17, the at least one reinforcement member positioned adjacent to the
first surface of the one or more leaflets along the leaflet inflow edge and the at least
one reinforcement member positioned adjacent to the second surface of the one or
more leaflets along the leaflet inflow edge, such that the one or more leaflets are

sandwiched between two reinforcement members.
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[088] EXAMPLE 19: The prosthetic valve of any examples herein, particularly
examples 13-18, wherein the valve comprises at least two leaflets and wherein each

two of the adjacent leaflets are secured to each other.

[089] EXAMPLE 20: The prosthetic valve of any examples herein, particularly
example 19, wherein the at least one reinforcement member is positioned adjacent
to the first and/or second surface of each of the at least two leaflets such that the
adjacent leaflets are secured to each other with the attachment member passing

through the plurality of apertures of the suture.

[090] EXAMPLE 21: The prosthetic valve of any examples herein, particularly
examples 12-20, further comprising an inner skirt having a first portion that extends
circumferentially around the central longitudinal axis along an inner surface of the
frame and is supported by the frame and a second portion that extends
circumferentially around the central longitudinal axis outside of the frame and is not

supported by the frame.

[091] EXAMPLE 22: The prosthetic valve of any examples herein, particularly
example 21, wherein the reinforcement member is positioned between the one or
more leaflets and at least a portion of the inner skirt such that the one or more
leaflets are secured with the at least a portion of the inner skirt with the attachment

member passing through the plurality of stitches.

[092] EXAMPLE 23: The prosthetic valve of any examples herein, particularly
example 21 or 22, wherein the one or more leaflets are sandwiched between the at
least two reinforcement members and at least a portion of the inner skirt.

[093] EXAMPLE 24: The prosthetic valve of any examples herein, particularly
examples 13-23, wherein the at least one reinforcement member is positioned
adjacent to at least a portion of the inflow edge of the one or more leaflets such that
the at least a portion of the inflow edge of the one or more leaflets is secured to the
frame with a second attachment member passing through the plurality of apertures.
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[094] EXAMPLE 25: The prosthetic valve of any examples herein, particularly
example 24, wherein the second attachment member is the same or different as the

first attachment member.

[095] EXAMPLE 26: The prosthetic valve of any examples herein, particularly
examples 13-15, wherein each of the one or more leaflets is secured to the one or

more components of the prosthetic valve with at least one reinforcement member.

[096] EXAMPLE 27: A method comprising: providing at feast one reinforcement
member; attaching the at least one reinforcement member with a livst sttachment
member o one or more components of a prosthetlic valve; wherein the at least one
reinforcement member comprises g suture having 3 longiudinal axiz and 3
frangvarse axis perpendicular o the longitudinal axis, and wherein at least a portion
of the suture comprises a plurality of apertures, and wherein each of the plurality of
apertures is configured o receive the first altachment member for coupling the

suivre 10 the prosthetic valve.

[097] EXAMPLE 28: The method of any examples herein, particularly example 27,

wherein the first attachment member comprises one or more stitches.

[098] EXAMPLE 29: The method of any examples herein, particularly example 27
or 28, wherein the suture comprises a centerline positioned along its longitudinal

axis.

[099] EXAMPLE 30: The method of any examples herein, particularly example 29,
wherein the plurality of apertures are positioned within at least a portion of the

centerline of the suture.

[0100] EXAMPLE 31: The method of any examples herein, particularly examples
27-30, wherein each of the plurality of apertures is spaced apart by a spacing

increment d along a length of the suture.
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[0101] EXAMPLE 32: The method of any examples herein, particularly example 31,
wherein the spacing increment d between any two adjacent apertures of the plurality
of apertures is the same.

[0102] EXAMPLE 33: The method of any examples herein, particularly example 31,
wherein the spacing increment d between any two adjacent apertures of the plurality
of apertures is not the same.

[0103] EXAMPLE 34: The method of any examples herein, particularly examples
27-33, wherein the suture comprises a polyester material, polyethylene, ultrahigh
molecular weight polyethylene, silicone, polyurethane, Teflon, polyether ether ketone
(PEEK), or natural tissue, or a combination thereof.

[0104] EXAMPLE 35: The method of any examples herein, particularly examples
27-34, wherein the plurality of apertures is braided within the suture.

[0105] EXAMPLE 36: The method of any examples herein, particularly examples
27-35, wherein the suture comprises two or more cords fused together to form the

plurality of apertures.

[0106] EXAMPLE 37: The method of any examples herein, particularly examples
27-36, wherein the one or more components of the prosthetic valve comprise

leaflets, skirts, support layers, a frame, or any combination thereof.

[0107] EXAMPLE 38: The method of any examples herein, particularly examples
27-37, wherein the prosthetic valve comprises an annular frame having an inflow
end, an outflow end and a central longitudinal axis extending from the inflow end to

the outflow end.

[0108] EXAMPLE 39: The method of any examples herein, particularly examples
27-38, wherein the prosthetic valve comprises one or more leaflets, wherein each of
the one or more leaflets has a first surface and an opposite second surface, a leaflet

inflow edge, and a leaflet outflow edge.
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[0109] EXAMPLE 40: The method of any examples herein, particularly example 39,
wherein the leaflet inflow edge is positioned at least partially outside of the frame.

[0110] EXAMPLE 41: The method of any examples herein, particularly example 39
or 40, wherein the leaflet outflow edge is positioned within the frame.

[0111] EXAMPLE 42: The method of any examples herein, particularly examples
39-41, wherein at least a portion of the leaflet inflow edges is unsupported by the

frame.

[0112] EXAMPLE 43: The method of any examples herein, particularly examples
39-42, wherein the at least one reinforcement member is attached to the first surface
or the second surface of the one or more leaflets along the leaflet inflow edge.

[0113] EXAMPLE 44: The method of any examples herein, particularly examples
39-43, wherein the at least one reinforcement member is attached to the first surface
of the one or more leaflets along the leaflet inflow edge and the at least one
reinforcement member is attached to the second surface of the one or more leaflets
along the leaflet inflow edge, such that the one or more leaflets are sandwiched

between two reinforcement members.

[0114] EXAMPLE 45: The method of any examples herein, particularly examples
39-44, wherein the prosthetic valve comprises at least two leaflets and wherein each
two of the adjacent leaflets are secured to each other.

[0115] EXAMPLE 46: The method of any examples herein, particularly example 45,
wherein the at least one reinforcement member is positioned adjacent to the first
and/or second surface of each of the at least two leaflets such that the adjacent
leaflets are secured to each other with the attachment member passing through the
plurality of apertures of the suture.

[0116] EXAMPLE 47: The method of any examples herein, particularly examples
38-46, wherein the prosthetic valve further comprises an inner skirt having a first
portion that extends circumferentially around the central longitudinal axis along an
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inner surface of the frame and is supported by the frame and a second portion that
extends circumferentially around the central longitudinal axis outside of the frame
and is not supported by the frame.

[0117] EXAMPLE 48: The method of any examples herein, particularly example 47,
wherein the reinforcement member is attached such that it is positioned between the
one or more leaflets and at least a portion of the inner skirt to secure the one or more
leaflets with the at least a portion of the inner skirt, wherein the reinforcement
member is attached with the first attachment member passing through the plurality of

stitches.

[0118] EXAMPLE 49: The method of any examples herein, particularly example 47
or 48, wherein the one or more leaflets are sandwiched between the at least two

reinforcement members and at least a portion of the inner skirt.

[0119] EXAMPLE 50: The method of any examples herein, particularly examples
39-49 wherein the at least one reinforcement member is attached adjacent to at least
a portion of the inflow edge of the one or more leaflets to secure the at least a
portion of the inflow edge of the one or more leaflets to the frame, wherein the
reinforcement member is attached with a second attachment member passing

through the plurality of apertures.

[0120] EXAMPLE 51: The method of any examples herein, particularly example 50,
wherein the second attachment member is the same or different as the first

attachment member.

[0121] EXAMPLE 52: The method of any examples herein, particularly examples
39-51, wherein each of the one or more leaflets is attached to the one or more

components of the prosthetic valve with at least one reinforcement member.

[0122] EXAMPLE 53: A kit comprising: at lzast one suture having a longitudinal axis
and a transverse axis perpendicular (o the longitudingl axiz, and whersin at legst a

portion of the suture comprises a plurality of apartures, wherain sach of the plurality
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of apertures is configured to receive an attachment member for coupling the suture

ta an articke.

[0123] EXAMPLE 54: The kit of any examples herein, particularly example 53,
wherein the first attachment member comprises one or more stitches, flexible

connectors, or any combination thereof.

[0124] EXAMPLE 55: The kit of any examples herein, particularly example 53 or 54,

wherein the suture comprises a centerline positioned along its longitudinal axis.

[0125] EXAMPLE 56: The kit of any examples herein, particularly example 55,
wherein the plurality of apertures is positioned within at least a portion of the

centerline of the suture.

[0126] EXAMPLE 57: The kit of any examples herein, particularly examples 53-56,
wherein each of the plurality of apertures is spaced apart by a spacing increment d

along a length of the suture.

[0127] EXAMPLE 58: The kit of any examples herein, particularly example 57,
wherein the spacing increment d between any two adjacent apertures of the plurality
of apertures is the same.

[0128] EXAMPLE 59: The kit of any examples herein, particularly example 57,
wherein the spacing increment d between any two adjacent apertures of the plurality
of apertures is not the same.

[0129] EXAMPLE 60: The kit of any examples herein, particularly examples 53-59,
wherein the suture comprises a polyester material, polyethylene, ultrahigh molecular
weight polyethylene, silicone, polyurethane, Teflon, polyether ether ketone (PEEK),

or natural tissue, or a combination thereof.

[0130] EXAMPLE 61: The kit of any examples herein, particularly examples 53-60,

wherein the plurality of apertures are braided within the suture.
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[0131] EXAMPLE 62: The kit of any examples herein, particularly examples 53-61,
wherein the suture comprises two or more cords fused together to form the plurality

of apertures.

[0132] EXAMPLE 63: The kit of any examples herein, particularly examples 53-62,

wherein the article comprises a prosthetic valve.

[0133] EXAMPLE 64: The kit of any examples herein, particularly examples 53-63,

wherein the suture is a reinforcement member.

[0134] In view of the many possible aspects to which the principles of the disclosed
disclosure can be applied, it should be recognized that the illustrated aspects are
only some examples of the disclosure and should not be taken as limiting the scope
of the disclosure. Rather, the scope of the disclosure is defined by the following
claims. We, therefore, claim as our disclosure all that comes within the scope and

spirit of these claims.
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CLAIMS

We claim:

e

A prosthetic valve comprising:

al lzast one reinforcement member condigured o be allached with a
first attachment member 0 one or more components of the prosthetic

vabve:

wharein the at least one reinforcement member comprises a suture
having 8 longitudinal axis and a transverse axis perpendicular o the

ongitudinal axis,

wherein al least a portion of the suture comprises g plurality of

aperiures, and

whersin each of the plurality of apertures is cordigured 1o receive the

first attachment member for coupling the suture io the prosthetic valve.

The prosthetic valve of claim 1, wherein the first altachment member

COMSas one or more stiiches.

The prosthatic valve of claim 1 or 2, whergin the sulure comprises a centarline

nositioned along its longitudinal axis.

The prosthatic valve of claim 3, wharein the plurality of aperiures are

positionad within gt least g portion of the centarline of the suture,

The prosthetic valve of any one of cigims 1-4, wherein each of the plurality of
aperiures is spaced apart by 4 spacing increment d along a length of the

suture.

The prosthetic valve of claim 5, wherein the spacing increment d betwesen any

two sdiacent aperturas of the plurality of apertures is the same.
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The prosthetic valve of claim 5, wherein the spacing increment d betwesen any

two adiacent aperiures of the plurality of apertures is different.

The prosthatic valve of any one of claims 1-7, wherein the sutire comprises a
nolyestsr malerial, polvethyiene, ultrahigh molecular weight polyethylene,
silicone, polyurethane, Teton, polyether ether ketong {(PEEK), natural issue,

or g combination thereot.

The prosthelic valve of any one of claims 1-8, wherein the pluralily of

aperiures ig braided within the suture.

The prosthetic valve of any one of claims 1-8, wherein the suture comprises

two or mare cords fused together (o form the plurality of apertures.

The prosthatic valve of any one of claims 1-18, wharein the one or morg
componerts of the prosthetic valve comprise leallets, skirtg, suppori layers, a

frame, or any combinations thereol.

The prosthetic valve of any one of clgims 1-11, further comprising an annular
frame having an inflow end, an outflow end and a central longitudinal axis

extending from the inflow end o the outliow end.

The prosthetic valve of any one of claims 11-12, comprising ong or more
ieaflets, wherein each of the one or more leaflels has g Hrst surface and an

opposite second surface, a leaflet inflow edge, and 3 leaflet outflow edge.

The prosthatic valve of claim 138, wherain the leallet inflow edge is pusilioned
at least pastislly outside of the frame.

the prosthetic valve of claim 13 or 14, wherein the leaflet cuttlow edge is
nosilioned within the frame.

The prosthetic valve of any one of claims 13-15, wharein al least a portion of

the legtlel inflow edges iz unsupported by the frame.
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The prosthetic valve of any one of claims 13-16, wherein the at least ong
reinforcament member s positioned adjacent {o the first surface or the second

surface of the one or more leaflets along the leatlet inflow edgse.

The prosthatic valve of any one of claimg 13-17, the atf least one
reinforcement member positioned gdiacent to the first surface ot the one or
more leallets along the leallel inflow edge and the atl least one reinforcement
rember positicned adjgeent to the second surface of the one or more legliels
along the leale! inflow edge, such that the one or more leaflels arg

sandwiched behween two reinforcement members.

the prostheatic valve of any one of claims 13-18, wherein the valve comprises
at least two leaflets, and wherein aach two of adjacent leaflels are secured o

sach other,

The prosthelic valve of claim 18, wharein the at least one reinforcement
rember is positioned adjgeent 1o the first and/or second surface of gach of
the al lsast two leatlels such that the adiacen! leallets are secured 10 each
other with the altachment member passing through the plurality of aperiures
of the suture.

The prosthetic valve of any one of claims 12-24, further comprising an inner
skirt having a tirst porlion that extends circumierentially around the central

ongitudinal axis along an inner surface of the frame and is supporied by the
frame and a second portion that exiends circumiderentially around the central

iongitudinal axis outside of the frame and is not supported by the frame.

The prosthetic valve of claim 21, wherein the reinforcement member is
nasitionad bebweaen the one or more leafleis and at least a portion of the inner
skirt such that the one or more leatlets are secured with the at least a portion
of the inner skivt with the attachment member passing through the plurality of

stitches.
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The prosthetic valve of claim 21 or 22, wherein the ong or more leaflets are
sanchwiched bebwaen the at least two reinforcoment members and at lesst a

noriion of the inner skirt

The prosthatic valve of any one of claimg 13-23, wherain the al lzasi one
reinforcement member is positioned adjacent 1o al least a portion of the inflow
edge of the one or more leatflels such that the at least a portion of the inflow
edge of the one or more leallels is secured o the frame with a second

attachment mamber passing through the plurality of aperiures.

The prosthatic valve of claim 24, wherain the second altachment member is

the same or different as the first atiachmeni member.

the prosthetic valve of any one of claims 13-15, wherein each of the one or
more iegllels is secured 1o the one or more components of the prosthetic

valve with at least one reinforcement mamber.
A method comprising:
providing al lsast one reinforcement membey;

attaching the al least one reinforcement member with a first

attachment member 10 one or more components of a prosthetic valve;

whersin the al least one reinforcement member comprises a sulure
having a longitudinal axis and g ransverse axis parpendicular 1o the
longiiudinal axis, and whearein at least a portion of the suture comprises

a pluradity of aperiures, and

wherein each of the plurality of apertures is configured o receive the

first attachment member for coupling the suture o the prosthetic valve.

A kit comprising:
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al least one suiure having g longitudinal axiz and a frangverse axis
perpendicuiar 1o the longitudinal axis, and wherein al least g portion of
the suiure comprises a plurality of apertures, wherein egch of the
clurality of apertures is configured to receive an stlachment member

for coupling the suture 10 an article.

The kit of claim 28, wherein the first allachment member comprises ong or

more stifches, Hexible connectors, or any combination thersof,

The kit of any one of claims 28-28, wherein the article comprises a prosthetic

valve.

The Kit of any one of claims 28-30, wherain the sulure 18 a reinforcement

member.
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