I *I Innovation, Sciences et Innovation, Science and CA 2910605 C 2023/01/10
Développement économique Canada Economic Development Canada

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 91 0 605

(12 BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépot PCT/PCT Filing Date: 2014/12/16

(87) Date publication PCT/PCT Publication Date: 2015/06/25
(45) Date de délivrance/lssue Date: 2023/01/10

(85) Entrée phase nationale/National Entry: 2015/10/22

(86) N° demande PCT/PCT Application No.: US 2014/070625
(87) N° publication PCT/PCT Publication No.: 2015/095206

(30) Priorités/Priorities: 2013/12/17 (US61/917,032);
2014/12/15 (US14/571,029)

(51) CLInt./Int.Cl. A67F 2/24 (2006.01),
A61B 17/00 (2006.01)

(72) Inventeurs/Inventors:
VALDEZ, MICHAEL G., US;
NGUYEN, TRAM NGOC, US

(73) Propriétaire/Owner:
EDWARDS LIFESCIENCES CORPORATION, US

(74) Agent: STIKEMAN ELLIOTT S.E.N.C.R.L.,SRL/LLP

(54) Titre : VALVE PROTHETIQUE A FEUILLET INVERSE
(54) Title: INVERTED LEAFLET PROSTHETIC VALVE

(57) Abrégé/Abstract:

Prosthetic valve embodiments are described herein that include a frame and a valve member mounted within the frame. The valve
members can have a plurality of leaflets that are affixed to one another along their inflow edges, with articulating edges projecting
from the inflow edges in the outflow direction. In an open configuration, the articulating edges can be collapsed radially inward by
the forward flow of blood through the prosthetic valve, thereby creating a plurality of discrete flow areas between the frame and the
inflow edges of the leaflets. In a closed configuration, the leaflets can be pushed radially outward by the reverse flow of blood,

thereby closing the plurality of discrete flow areas.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




wo 2015/095206 A1 |} 1F 100 A0 0 A

(43) International Publication Date

CA 02910605 2015-10-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/095206 A1

25 June 2015 (25.06.2015) WIPOI|PCT
(51) International Patent Classification: (74) Agents: KAISER, Annemarie et al,; Edwards Lifesci-
AG61F 2/24 (2006.01) A61B 17/00 (2006.01) ences, One Edwards Way, Irvine, CA 92614 (US).

(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2014/070625 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
g : BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
16 December 2014 (16.12.2014) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
61/917,032 17 December 2013 (17.12.2013) Us SD, SE, SG, SK, SL, SM, ST, 8V, S8Y, TH, TJ, TM, TN,

14/571,029 15 December 2014 (15.12.2014) Us IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: EDWARDS LIFESCIENCES CORPORA- (84) Designated States (unless otherwise indicated, for every
TION [US/US]; One Edwards Way, Irvine, CA 92614 kind of regional protection available): ARIPO (BW, GH,
(US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: VALDEZ, Michael, G.; Edwards Lifesciences, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

One Edwards Way, Legal Department, Irvine, CA 92614
(US). NGUYEN, Tram, Ngoc; Edwards Lifesciences, One
Edwards Way, Legal Department, Irvine, CA 92614 (US).

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: INVERTED LEAFLET PROSTHETIC VALVE

(57) Abstract: Prosthetic valve embodiments are
described herein that include a frame and a valve
member mounted within the frame. The valve
members can have a plurality of leaflets that are
affixed to one another along their inflow edges,
with articulating edges projecting from the inflow
edges in the outflow direction. In an open config-
uration, the articulating edges can be collapsed ra-
dially inward by the forward flow of blood
through the prosthetic valve, thereby creating a
plurality of discrete flow areas between the frame
and the inflow edges of the leaflets. In a closed
configuration, the leaflets can be pushed radially
outward by the reverse flow of blood, thereby
closing the plurality of discrete flow areas.



CA 02910605 2015-10-22

WO 2015/095206 A1 AT 00T VT 0RO ROE A OER OO

Published:
—  with international search report (Art. 21(3))



INVERTED LEAFLET PROSTHETIC VALVE

FIELD
[0001] This disclosure relates generally to prosthetic valves and methods for

introducing the prosthetic valves into the body.

BACKGROUND
[0002] Prosthetic valves have been used for many years to treat valvular disorders.
Native valves, including heart valves (such as the aortic, pulmonary, tricuspid, and mitral
valves), serve critical functions in assuring the forward flow of an adequate supply of blood
through the cardiovascular system. These valves can be rendered less effective by
congenital, inflammatory, or infectious conditions. Such damage to the valves can result in
serious cardiovascular compromise or death. For many years the definitive treatment for
such disorders was the surgical repair or replacement of the valve during open heart surgery,

but such surgeries are prone to many complications.

[0003] Transvascular techniques have also been developed for introducing and
implanting a prosthetic valve using a flexible catheter in a manner that is less invasive than
open-heart surgery. For example, a prosthetic valve can be mounted in a crimped state on
the end-portion of a flexible catheter and advanced through a blood vessel of the patient
until the prosthetic valve reaches the implantation site. The prosthetic valve at the catheter
tip can then be expanded to its functional size at the site of the defective native valve such
as by inflating a balloon on which the prosthetic valve is mounted. Altematively, the
prosthetic valve can have a resilient, self-expanding stent or frame that self-expands the
prosthetic valve to its functional size when advanced from a delivery sheath at the distal end

of the catheter.

[0004] Prosthetic valves generally consist of a cylindrical stent-like frame and leaflets.
The leaflets typically have fixed, inflow edges that are sutured continuously along an
interior circumference of the cylindrical frame. Blood flows through the prosthetic valve
when all the leaflets open and lie against the inner surface of the prosthetic valve frame,
creating a single, circular channel. Conversely, the prosthetic valve closes when the leaflets

are deflected inwardly and coapt against each other, similarly to a native heart valve.
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Unfortunately, prosthetic valves can suffer from paravalvular leaks (PVL), or blood leaking
around the outside of the prosthetic valve. A need therefore exists for a stented bioprosthetic
valve which minimizes PVL and/or other sources of regurgitation through the prosthetic

valve.

SUMMARY
[0005] Embodiments of prosthetic valves are described herein that include a stent/frame
and a valve member mounted within the frame. The valve members can comprise a plurality
of leaflets, each with an articulating edge and an inflow edge that extends across the
stent/frame lumen between commissure tabs spaced angularly apart along an interior
circumference of the frame. Adjacent leaflets can be affixed to one another along these
inflow edges, with articulating edges projecting from the inflow edges in the outflow
direction with the forward flow of blood. In an open configuration, the leaflets can be
collapsed radially inward by the forward flow of blood through the prosthetic valve, thereby
creating a plurality of discrete flow areas between the frame and the inflow edges of the
leaflets. In a closed configuration, the articulating edges of the leaflets can be pushed
radially outward by the reverse flow of blood, thereby closing the plurality of discrete flow

areas.

[0006] In one aspect, a prosthetic valve is provided having a valve member and an
annular frame with an inflow end, an outflow end, and a longitudinal axis extending from
the inflow end to the outflow end. The valve member can be mounted within the annular
frame and can comprise a plurality of flexible leaflets. The valve member can be located
between the inflow end and the outflow end of the annular frame. Each leaflet can comprise
an inflow surface, an outflow surface, a substantially non-articulating inflow edge, and at
least one articulating outflow edge. Adjacent leaflets can be affixed to one another along
their respective inflow edges. In an open configuration, the leaflets can be collapsed radially
inward by the forward flow of blood through the prosthetic valve, thereby creating a
plurality of discrete flow areas between the frame and the inflow edges of the leaflets. In a
closed configuration, the leaflets can be pushed radially outward by the reverse flow of

blood, thereby closing the plurality of discrete flow areas.
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[0007] In some embodiments, each of the inflow edges extend between two points
spaced circumferentially apart an interior circumference of the frame. The inflow edges of
the adjacent leaflets can be joined together directly without the aid of a mechanical support

member extending between the points.

[0008] In some embodiments, a pocket is formed between the leaflets, in the open
configuration, which faces the outflow end and is bordered by the articulating edges and the
outflow surfaces of the leaflets. In some embodiments, the pocket can be configured such

that reverse flow entering into the pocket forces the leaflets radially outward.

[0009] In some embodiments, in the open configuration, the inflow edges and the

leaflets together form a three-pointed star arrangement.

[0010] In some embodiments, in the closed configuration, the articulating edges are in

contact with the frame and/or a skirt lining an interior surface of the frame.

[0011] In some embodiments, in the closed configuration, the outflow surfaces face the
outflow end of the prosthetic valve, and the inflow surfaces face the inflow end of the

prosthetic valve.

[0012] In some embodiments, the annular frame is a collapsible and expandable annular
frame that is configured to be collapsed to a radially collapsed state for mounting on a

delivery apparatus and expanded to a radially expanded state inside the body.

[0013] In some embodiments, the inflow edges of the leaflets have outer edge portions
adjacent the frame, and the inflow edges define a central hub, which is at substantially the
same longitudinal position relative to a longitudinal axis of the prosthetic valve as the outer

edge portions.

[0014] In another aspect, a method of transmitting blood through a prosthetic valve is
provided, comprising providing a prosthetic valve having a frame and a plurality of leaflets
located between an inflow end and an outflow end of the frame. Each leaflet can have an
inflow surface, an outflow surface, an inflow edge and at least one articulating outflow
edge. The method further comprises collapsing the plurality of leaflets in a radially inward

direction to permit the forward flow of blood through the prosthetic valve; and expanding
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the leaflets radially outward towards an interior surface of the frame to substantially prevent

the reverse flow of blood through the prosthetic valve.

[0015] In some embodiments, a pocket is formed between the collapsed leaflets,

wherein the pocket faces the outflow end.

[0016] In some embodiments, the expanding comprises causing the inflow surfaces to

face the inflow end and causing the outflow surfaces to face the outflow end.

[0017] In some embodiments, the expanding comprises causing at least one of the
articulating edges of each leaflet to contact the frame and/or a skirt lining an interior of the

frame.

[0018] In some embodiments, the expanding comprises allowing reverse blood flow to

enter into the pocket and force the leaflets radially outward.

[0019] In some embodiments, the collapsing creates multiple discrete flow areas

between the leaflets and inside of the frame.

[0020] In another aspect, a method of implanting a prosthetic valve is provided,
comprising implanting into a patient’s body a prosthetic valve having a frame and a
plurality of leaflets located between an inflow end and an outflow end of the frame. A
pressure gradient in a first direction can cause the plurality of leaflets of the prosthetic valve
to collapse radially inwardly to permit the forward flow of blood through the prosthetic
valve, and a pressure gradient in a second direction can cause the plurality of leaflets to
expand radially outward to substantially prevent the reverse flow of blood through the

prosthetic valve.

[0021] In some embodiments, the pressure gradient in the second direction causes
inflow surfaces of the leaflets to face an inflow end of the prosthetic valve and outflow

surfaces of the leaflets to face an outflow end of the prosthetic valve.

[0022] In some embodiments, the pressure gradient in the second direction causes at
least one articulating edge of each leaflet to contact a frame of the prosthetic valve and/or a

skirt lining an interior of the frame.
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[0023] In some embodiments, the expanding of the plurality of the leaflets comprises
expanding a pocket formed between the leaflets, the pocket facing the outflow end of the

prosthetic valve.

[0024] In some embodiments, the radial collapsing of the plurality of leaflets creates

multiple discrete flow areas between the leaflets.

[0025] The foregoing and other objects, features, and advantages of the disclosed
technology will become more apparent from the following detailed description, which

proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES
[0026] FIG. 1 is a perspective view of a prosthetic valve embodiment, in an open

configuration.

[0027] FIG. 2 is a side view of the prosthetic valve embodiment of FIG. 1, in a closed

configuration.

[0028] FIG. 3 is an outflow view of the prosthetic valve embodiment of FIG. 1, in an

open configuration.

[0029] FIG. 4 is an inflow view of the prosthetic valve embodiment of FIG. 1, in an

open configuration.

[0030] FIG. 5 is an outflow view of the prosthetic valve embodiment of FIG. 1, in a

partially closed configuration.

[0031] FIG. 6 is an outflow view of the prosthetic valve embodiment of FIG. 1, in a

closed configuration.

[0032] FIG. 7 is an inflow view of the prosthetic valve embodiment of FIG. 1, in a

closed configuration.

[0033] FIG. 8 is a side elevation view of a leaflet assembly can be used in the prosthetic

valve embodiment of FIG. 1, shown in an unrolled or flattened configuration.
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DETAILED DESCRIPTION
[0034] Prosthetic valve embodiments are disclosed herein having a stent/frame defining
a lumen and plurality of leaflets that can flex inwardly to open and flex outwardly to close.
Rather than having contoured inflow edges that are sutured circumferentially to the frame,
the leaflets can each have inflow edges that extend out across the lumen, between
commissure tabs spaced circumferentially apart along an interior circumference of the
frame. Each inflow edge can be sutured (or otherwise attached) along its length to the
inflow edge(s) of adjacent leaflet(s). Discrete flow areas can thus be created between each
leaflet inflow edge and the interior stent wall. Articulating edges of the leaflets can project
from their respective inflow edges in the outflow direction, with forward blood flow. The
leaflets can thus move, between an open position and a closed position, in response to

differences in fluid pressure between the inflow and outflow ends of the prosthetic valve.

[0035] When blood flows through the prosthetic valve from the inflow end in the
outflow direction, the leaflets can be pushed radially inward against one another towards the
center of the lumen, thereby defining discrete flow passages between the frame and the
inflow edges of the leaflets. Reverse blood flow (from the outflow end in the inflow
direction) can enter into a space between the leaflets (towards the center of the lumen) that
faces the outflow end, pushing the articulating edges of the leaflets radially outward to close
the prosthetic valve. In this closed configuration, the leaflets can effectively seal off various
potential leak paths to reverse flow, such as space(s) located between the leaflets and the

skirt and/or any spaces between the leaflets themselves.

[0036] While additional structural elements can optionally be included to coordinate or
otherwise assist in the radial movements of the leaflets, such additional elements are not
necessary in the disclosed embodiments. Thus, in various embodiments, the leaflets can
expand radially outward to assume a closed configuration, and collapse inward to assume an
open configuration, without the aid of mechanical arms, springs, struts, or other appendages.
In particular, the inflow edges of the adjacent leaflets can be joined together directly without

the aid of a mechanical support member (such as an arm, strut, spring, or other appendage)
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extending between them (e.g., between two points spaced circumferentially apart along an

interior circumference of the frame).

[0037] The prosthetic valve 10 is adapted to be deployed in the native aortic annulus,
although it also can be adapted to replace other native valves of the heart (the mutral,
pulmonary, and/or tricuspid valve). Moreover, the prosthetic valve 10 can be adapted to

replace other valves within the body, such as venous valves.

[0038] Referring now to FIGS. 1-2, a prosthetic valve 10, according to one
embodiment, can comprise an annular frame or stent 12 having an inflow end 14 and an
outflow end 16 defining a longitudinal axis Z (FIG. 1), and a skirt 18 mounted to the frame
12. The skirt 18 can be an annular skirt positioned inside of the frame 12 as shown. The
skirt 18 can comprise a fabric, tissue, membrane, or other material, and can insulate the
leaflets 20 from dilapidation or damage that may result from direct contact with the frame
12. If desired, an outer skirt (not shown) can be secured around the outside of the frame 12,
for example, to facilitate sealing of the frame 12 against the native annulus and/or reduce
damage to the native annulus. Some embodiments of an inner skirt and outer skirt are

unitary, while other embodiments use two or more pieces of material.

[0039] Between the inflow and outflow ends 14, 16 of the prosthetic valve is a valve
member comprising a plurality of flexible leaflets 20. As shown in FIGS. 3-5 and 7, each
leaflet 20 can comprise two commissure tabs 22, spaced angularly apart along an interior
circumference of the frame 12. The skirt 18 can be secured to the frame 12, such as with
sutures 40. Each commissure tab 22 can be rolled up and connected to a commissure tab of
an adjacent leaflet, such as by sutures, so as to define respective commissures of the leaflets
20. The commissure tabs 22 can also be sutured to the frame 12 and/or the skirt 18. As
shown in the figures, the prosthetic valve 10 can have a set of three leaflets 20 in a tricuspid
arrangement. In other embodiments, the prosthetic valve 10 can have a different number of

leaflets, such as two leaflets (e.g., a bicuspid arrangement) or four leaflets.

[0040] The leaflets 20 can each further comprise an inflow surface 24, an outflow
surface 26, an inflow edge 28 (FIGS. 4 and 7) extending between the commissure tabs 22,
and at least one articulating edge 30 (FIGS. 1, 3 and 5). The articulating edges 30 can be
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configured to project from the inflow edges 28 in the direction of the outflow end 16 with
the forward flow of blood. As shown in FIGS. 4 and 7, adjacent leaflets 20 can be securely
attached to each other in the vicinity of the respective inflow edges 28, such as by transverse
sutures 36 (orthogonal to the inflow edges 28) and/or any other biocompatible adhesive
known to those of skill in the art. The transverse sutures 36 may optionally be accompanied
by longitudinal sutures (in the direction of the inflow edges 28) (not shown). Thus, in
various embodiments, the inflow edges 28 are substantially non-articulating. As shown in
FIGS. 4 and 7, the inflow edge 28 of each leaflet can be affixed to the inflow edges of the
other two leaflets. In particular, adjacent inflow edges 28 can be covered by a reinforcing
layer 38 to help secure the leaflets 20 together, with sutures passing through the inflow
edges 28 and the reinforcing layer 38. The reinforcing layer 38 can be, for example, a fabric
(e.g., woven polyethylene terephthalate (PET), DACRON®), a tissue layer, or any of the

various other materials that are used to form skirt 18, as further described below.

[0041] The inflow edges 28 can each follow an angled course from the frame 12 to the
center of the prosthetic valve and back to the frame 12. As shown (for a prosthetic valve 10
having three leaflets 20), the angle defined by each leaflet 20 at the center of the prosthetic
valve 10 can be about 120°, and the total of all of these angles can be about 360°. In other
embodiments, the angled courses of the inflow edges differ from one another, but still add
up to 360°. In some embodiments, there are greater or fewer than three leaflets, and the
angled course varies accordingly. For example, a prosthetic valve may have four leaflets in
a quadricuspid arrangement, with inflow edges each following an angled course of about
90°,

[0042] In the illustrated embodiment, the inflow edges 28 together define a plane that is
generally perpendicular to the axis Z. As best seen in FIGS, 7 and 8, a hub 42 of the inflow
edges 28 of the leaflets is at substantially the same longitudinal position as the edge portions
44 thereof. In other embodiments (not illustrated), the hub 42 is longitudinally offset, for
example, towards the inflow end 14 or outflow end 16 relative to the edge portions 44 of the
inflow edges. Some embodiments in which the hub 42 is longitudinally offset exhibit

improved radial compressibility compared to similar prosthetic valves 10 in which the
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central hub 42 is not longitudinally offset, for example, because the suture 36 and/or
reinforcing fabric 38 are distributed over a greater longitudinal distance, resulting in less

bunching. In some embodiments, at least one edge portion 44 is displaced longitudinally.

[0043] In some embodiments in which the hub 42 is offset towards the inflow end 14,
the central hub 42 extends farther upstream than any portion of the frame 12. In other
embodiments, the hub 42 and the most upstream portion of the frame 12 have substantially
the same longitudinal position. In other embodiments, the hub 42 is disposed downstream of
the most upstream portion of the frame 12. As discussed in greater detail below, some
embodiments of the inflow edges 28 are equipped with additional support members. In
some embodiments, one or more portions of the inflow edge 28, for example, the hub 42 is
suspended from the frame 12 in the radially expanded configuration, for example, using

suture, thread, fibers, or wire.

[0044] Some embodiments of the hub 42 are offset radially from the center of the frame
12, for example, where the frame is non-circular, for example, oval or D-shaped, and/or
where an offset flow axis is desired. The radial offset is combinable with a longitudinal

offset of the hub 42 and/or edge portion(s) discussed above.

[0045] As best shown in FIGS. 1 and 3, the articulating edges 30 may each follow a
contoured course, with an apex approximately half-way between the commissure tabs 22 of
each of the leaflets 20. Alternatively, the apex of an articulating edge 30 can be located

closer to one of the two commissure tabs 22 than the other.

[0046] In various embodiments, instead of having a single curved articulating edge 30,
one or more of the leaflets 20 can multiple articulating edges, depending upon the shape of
the leaflets 20, such as two, three or four articulating edges. Thus, in some embodiments,
the leaflets 20 can be polygonal-shaped, with a single inflow edge 28 and multiple
articulating edges, such as two, three, four or five articulating edges. In some embodiments,
the articulating edges 30 are free edges (i.e., no connected structures), whereas in other
embodiments, the articulating edges 30 are connected to cord(s) or other structures. In some
embodiments, one or more of the leaflets 20 has a combination of free and non-free

articulating edges 30.
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[0047] FIG. 1 shows the outflow end of the prosthetic valve 10 in an open
configuration, with the articulating edges 30 located in a radially inward position and the
outflow surfaces 26 facing each other. In this configuration, blood can flow through
multiple discrete areas 34 (FIGS. 3-4) located between the frame 12 and the leaflets 20. As
shown in FIGS. 3-4, the prosthetic valve in an open configuration can form a three-spoke-
wheel or an encircled three-pointed star arrangement (i.e., similar to a Mercedes-Benz®
logo). as viewed from either end 14, 16 of the prosthetic valve. Even though the leaflets 20
are collapsed by the forward blood flow into this radially inward collapsed position, a
vestigial or reduced pocket 32 can remain between the leaflets 20, facing the outflow
direction and bordered by the articulating edges 30 and the outflow surfaces 26. This pocket
32 can be configured to capture any reverse blood flow (i.e., flow towards the inflow
direction) or back pressure that may occur subsequent to the passage of a pulse of forward
blood flow. Blood flow or pressure thus entering into the pocket 32 can exert force on the
outflow surfaces 26, thereby pushing each leaflet 20 radially outward, with the articulating
edges 30 spread radially apart towards the frame 12 to close the prosthetic valve 10. In one
embodiment, as shown in FIGS. 1 and 3, the pocket 32 can be substantially triangular-
shaped. In various other embodiments, this pocket 32 can assume various other shapes,
depending upon the number and orientation of leaflets in the prosthetic valve, such as a
rectangular, square or other polygonal shape. In some embodiments, the inflow surfaces 24
can be concave in the open and/or the closed configurations. Likewise, in some
embodiments, the outflow surfaces 26 can be convex in the open and/or the closed

configurations.

[0048] FIGS. 6-7 show the prosthetic valve 10 in a closed configuration, with the
leaflets 20 forced fully outward. In this configuration, the articulating edges 30 can be
spread maximally apart, such that each articulating edge 30 is in contact with the frame 12
and/or the skirt 18. As shown, interiors of the leaflets 20 can be substantially co-planar,
such that the interiors of the leaflets 20 generally lie in a plane that is substantially
perpendicular to the longitudinal axis Z with some puckering or cupping of the leaflet. As

such, the leaflets 20 can extend radially outwards to cover the outflow facing sides of the
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commissure tabs 22, as shown in FIG. 6. The articulating edges 30 can each extend to

contact the skirt 18 and/or the frame 12, thus effecting closure of the prosthetic valve 10.

[0049] In the illustrated embodiment, the leaflets 20 are oversized such that the
articulating edges 30 define an upturned rim 46 (FIG. 2) extending towards the outflow end
16, the rim 46 coapting with or sealing against the skirt 18, thereby preventing backflow of
blood or fluid. The oversizing also allows the leaflets 20 to accommodate deployment in a
non-circular native valve annulus, in which the frame 12 assumes a non-circular cross-
sectional shape, in some embodiments. In this closed position, the outflow surfaces 26 can
generally face the outflow end 16, and the inflow surfaces 24 can generally face the inflow
end 14. Thus, in some embodiments, no discernible pocket may remain between the leaflets

20 in the closed configuration.

[0050] In some embodiments, the leaflets 20 at least partially overlap in the closed
configuration, such that the inflow surface 24 of one leaflet can at least partially cover the
outflow surface 26 of another leaflet. In other embodiments, the leaflets 20 do not

significantly overlap in the closed configuration.

[0051] In some embodiments, all of the leaflets 20 are formed from a single sheet (or
other single piece) of leaflet material. FIG. 8 shows an exemplary unitary sheet of leaflet
material forming three leaflets 20 connected side-by-side in a flattened configuration. The
leaflets 20 can have scalloped articulating edges 30 and straight inflow edges 28. In other
embodiments, the inflow edges 28 and/or articulating edges 30 independently have another
shape, for example, convex, concave, arcuate, and/or angled. In particular, the articulating
edges 30 are suitably shaped in embodiments in which the hub 42 is radially offset and/or
the frame 12 is non-circular. The opposite ends of the sheet can be secured together to form
a tubular configuration. The sheet of leaflet material can then be folded to form the three
leaflets 20, with the inflow edges 28 joined together as described herein such that the

leaflets 20 can assume their operating configurations.

[0052] Alternatively, instead of folding a unitary sheet to form the leaflets, the sheet of
leaflet material can be cut to form three separate leaflets 20, which can then be secured to

each other in the matter described above and shown in the figures. In another embodiment,
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the leaflets 20 are each cut separately from a sheet of leaflet material, at adjacent and/or

non-adjacent locations along the sheet of leaflet material.

[0053] The leaflets 20 can be formed of pericardial tissue (e.g., bovine pericardial
tissue), biocompatible synthetic materials, or various other suitable natural or synthetic
materials as known in the art and described in U.S. Patent No. 6,730,118. In one
embodiment, the leaflets 20 are sutured together, and a thin fabric (such as woven PET) or
tissue material is wrapped (or otherwise placed) atop the sutured areas during manufacture
to hold the leaflets 20 securely in place and/or to prevent cutting of the leaflet material. The
tissue or fabric may be biocompatible, such that it can remain in this position when

implanted.

[0054] In the illustrated embodiment, the inflow edges 28 are joined together without
incorporating any additional supporting members or framework. In other words, the inflow
edges 28 of the valve 10 are self-supporting. Other embodiments (not illustrated) include at
least one or more additional supporting members at the inflow edges 28, for example, struts
or beams. The additional supporting member(s) can be internal, for example, enclosed by
the leaflets 20 and/or reinforcing layer 38, or external, for example, exposed. Some
embodiments of the additional supporting member(s) are coupled directly to the frame 12,
while other embodiments are coupled to the frame indirectly through the leaflets 20 and/or
reinforcing layer 38. Some embodiments of the additional supporting member(s)
independently comprise one or more materials discussed below as frame materials. In some
embodiments, the additional support members include guy wires, thread, fiber, or suture
extending between selected locations of the inflow edges, for example, the hub 42 and the

frame 12, for example, the inflow end 14.

[0055] The skirt 18 can comprise a thin, flexible sheet of material, and can be made of
any of various suitable materials, such as a fabric (e.g., polyethylene terephthalate (PET)
(sold under the tradename DACRON®), ultra-high-molecular-weight polyethylene
(UHMWPE) (sold under the tradename DYNEEMA PURITY®), efc.), tissue (e.g.,
pericardial tissue), PTFE, metal, sponge, or polymer. In the illustrated embodiment, the skirt

18 desirably extends the full length of the frame 12 from the inflow end 14 to the outflow
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end 16. In other embodiments, the skirt 18 can extend less than the full length of the frame
12, such as from the inflow end 14 to a location on the frame at about the same axial

position of the articulating edges 30 of the leaflets in their open position.

[0056] The frame 12 can be a collapsible and expandable annular frame that is
configured to be collapsed to a radially collapsed state for mounting on a delivery apparatus
and expanded to a radially expanded state inside the body. The frame 12 can be configured
such that, in the radially expanded state, no frame component or mechanical strut/arm or
other appendage extends into lumen or extends radially inward toward the central

longitudinal axis of the frame.

[0057] As used herein, the term “annular” can refer to a frame having any closed shape
in cross-section (taken along a plane perpendicular to the longitudinal axis Z), including but
not limited to a circular/ring shape, or a square/rectangular shape, a polygonal shape, a
trefoil, or elliptical shape. Likewise, an annular frame can have various three-dimensional
structures, including but not limited to a cylindrical structure (as shown in the figures) or a
non-cylindrical tubular structure having a cross-sectional profile (taken along a plane
perpendicular to the longitudinal axis Z) that varies along its length. As shown in FIGS. 1
and 2, the frame 12 can comprise a plurality of circumferential rows of zig-zag struts,
connected by longitudinal struts. U.S. Patent No. 7,993,394 provides additional description
of various frame embodiments that can be used in the prosthetic valve embodiments
disclosed herein. The frame 12 can also be non-collapsible and/or non-expandable, such as

for surgical implantation.

[0058] In certain embodiments, the frame 12 can be made of any of various suitable
plastically-expandable materials or self-expanding materials (e.g., a nickel-titanium alloy,
such as Nitinol) as known in the art. Suitable plastically-expandable materials that can be
used to form the frame 12 include, without limitation, stainless steel, a nickel-based alloy
(e.g., anickel-cobalt-chromium alloy), polymers, or combinations thereof. In particular
embodiments, frame 12 is made of a nickel-cobalt-chromium-molybdenum alloy, such as
UNS R30035 (covered by ASTM F562-02), commercially available as MP35N® (SPS
Technologies), which comprises 35% nickel, 35% cobalt, 20% chromium, and 10%
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molybdenum, by weight. When the frame 12 is constructed of a plastically-expandable
material, the prosthetic valve 10 can be crimped to a radially compressed state on a balloon

(or other expansion device) of a delivery apparatus.

[0059] The prosthetic valve embodiments disclosed herein can be surgically implanted
and/or can be delivered using a delivery apparatus, such as a catheter. The delivery
apparatus can be inserted into the patient’s vasculature and advanced through the patient’s
body using known techniques. In one implementation, the prosthetic valve is delivered in a
transfemoral procedure in which the delivery apparatus is inserted into a femoral artery and
advanced through the aorta to the native aortic valve (or another native valve of the heart).
In another implementation, the prosthetic valve can be delivered in a transventricular
procedure in which the delivery apparatus is inserted through a small surgical opening in the
chest and another surgical opening in the wall of the left ventricle of the heart, such as an
opening made at the bare spot on the lower anterior ventricle wall. In another
implementation, the prosthetic valve can be delivered in a transaortic procedure in which
the delivery apparatus is inserted through a small surgical opening in the chest and another
surgical opening in the ascending aorta, at a location above the aortic valve. In another
implementation, the prosthetic valve is a replacement venous valve for implantation in a

vein, or a replacement for another valve with a lower flow rate relative to the aortic valve.

[0060] When the prosthetic valve is positioned at the desired deployment location (e.g.,
within the native aortic valve), the balloon of the delivery apparatus can be inflated to
radially expand the prosthetic valve. In one embodiment, upon full expansion of the
prosthetic valve 10, the skirt 18 can be forced into contact with the surrounding tissue of the
native valve, establishing a seal between the outer surface of the frame 12 and the

surrounding tissue.

[0061] When constructed of a self-expanding material, the prosthetic valve can be
crimped to aradially compressed state and restrained in the compressed state by insertion
into a sheath or equivalent mechanism of a delivery catheter. After the delivery apparatus is
inserted into the body and advanced to position the prosthetic valve at the desired

deployment location, the prosthetic valve can be advanced from the delivery sheath. As the

Date Regue/Date Received 2021-05-12



-15-

prosthetic valve is deployed from the delivery sheath, the prosthetic valve can radially self-

expand to its functional size.

[0062] It should be noted that the other embodiments of prosthetic valves disclosed
herein can also be made from any of the plastically-expandable or self-expanding materials
described above and can be implanted in the heart utilizing any of the delivery apparatuses

and/or delivery techniques described above in connection with prosthetic valve 10.

[0063] In alternative embodiments, the prosthetic valve can be a surgically implanted
prosthetic valve comprising a non-radially compressible and expandable frame on which the

leaflets 20 are mounted in the arrangement shown in the drawings.

General Considerations

[0064] For purposes of this description, certain aspects, advantages, and novel features
of the embodiments of this disclosure are described herein. The disclosed methods,
apparatuses, and systems should not be construed as limiting in any way. Instead, the
present disclosure is directed toward all novel and nonobvious features and aspects of the
various disclosed embodiments, alone and in various combinations and sub-combinations
with one another. The methods, apparatuses, and systems are not limited to any specific
aspect or feature or combination thereof, nor do the disclosed embodiments require that any

one or more specific advantages be present or problems be solved.

[0065] Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embodiment or example of the invention
are to be understood to be applicable to any other aspect, embodiment or example described
herein unless incompatible therewith. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive. The invention is
not restricted to the details of any foregoing embodiments. The invention extends to any
novel one, or any novel combination, of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), or to any novel one, or any

novel combination, of the steps of any method or process so disclosed.
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[0066] Although the operations of some of the disclosed methods are described in a
particular, sequential order for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering is required
by specific language. For example, operations described sequentially may in some cases be
rearranged or performed concurrently. Moreover, for the sake of simplicity, the attached
figures may not show the various ways in which the disclosed methods can be used in
conjunction with other methods. As used herein, the terms “a”, “an”, and “at least one”
encompass one or more of the specified element. That is, if two of a particular element are

present, one of these elements is also present and thus “an” element is present. The terms “a

plurality of” and “plural” mean two or more of the specified element.

[0067] As used herein, the term “and/or” used between the last two of a list of elements
means any one or more of the listed elements. For example, the phrase “A, B, and/or C”

means CCA)), “B,”, “C”, ccA and B”, ccA and C”, ccB and C”, or “A, B, and C.”

[0068] As used herein, the term “coupled” generally means physically coupled or linked
and does not exclude the presence of intermediate elements between the coupled items

absent specific contrary language.

[0069] In view of the many possible embodiments to which the disclosed principles

may be applied, it should be recognized that the illustrated embodiments are only preferred
examples and should not be taken as limiting the scope of the disclosure. Rather, the scope
is defined by the following claims. We therefore claim all that comes within the scope and

spirit of these claims.
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CLAIMS

IT IS HEREBY CLAIMED:

1. A prosthetic valve comprising:
an annular frame having an inflow end, an outflow end, and a longitudinal axis
extending from the inflow end to the outflow end; and
a valve member mounted within the annular frame and located between the inflow
end and the outflow end, comprising a plurality of flexible leaflets, each leaflet comprising
an inflow surface, an outflow surface, an inflow edge, and at least one articulating edge
projecting from the inflow edge in the outflow direction and following a contoured course,
wherein adjacent leaflets are affixed to one another along their respective inflow
edges,
wherein the inflow edges are substantially non-articulating;
wherein the articulating edges are articulable,
wherein, in an open configuration, the leaflets are collapsed radially inward by the
forward flow of blood through the prosthetic valve, thereby creating a plurality of discrete
flow areas between the frame and the inflow edges of the leaflets; and
wherein, in a closed configuration, the leaflets are pushed radially outward by the
reverse flow of blood, thereby closing the plurality of discrete flow areas, and the outflow
surfaces face the outflow end, and the outflow surfaces face the inflow end,
wherein the valve member is configured such that when the prosthetic valve is in the
open configuration, a pocket is formed between the leaflets, wherein the pocket faces the
outflow end and is bordered by the articulating edges and the outflow surfaces of the

leaflets.
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2. The prosthetic valve of claim 1, wherein each of the inflow edges extend between
two points spaced circumferentially apart along an interior circumference of the frame,
wherein the inflow edges of the adjacent leaflets are joined together directly without the aid

of a mechanical support member extending between the points.

3. The prosthetic valve of claim 1, wherein the pocket is configured such that reverse

flow entering into the pocket forces the leaflets radially outward.

4, The prosthetic valve of claim 1, wherein, in the open configuration, the inflow edges

and the leaflets together form a three-pointed star arrangement.

5. The prosthetic valve of claim 1, wherein, in the closed configuration, the articulating

edges are in contact with the frame and/or a skirt lining an interior surface of the frame.

6. The prosthetic valve of claim 1, wherein each leaflet has a scalloped articulating

edge and a straight inflow edge.

7. The prosthetic valve of claim 1, wherein the annular frame is a collapsible and
expandable annular frame that is configured to be collapsed to a radially collapsed state for
mounting on a delivery apparatus and expanded to a radially expanded state inside a

patient’s body.

8. The prosthetic valve of claim 1, wherein the annular frame comprises a plurality of

circumferential rows of zig-zag struts, connected by longitudinal struts.

9. The prosthetic valve of claim 1, wherein adjacent inflow edges are covered by a
reinforcing layer to help secure the leaflets together with sutures passing through the inflow

edges and the reinforcing layer.

10.  The prosthetic valve of claim 1, wherein the annular frame has a closed cross-

section.

11.  The prosthetic valve of claim 1, wherein the annular frame is made of a nickel-based

alloy.

12. The prosthetic valve of claim 1, wherein the inflow edges are joined together

without incorporating any additional supporting members or framework.
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13. The prosthetic valve of claim 1, further comprising an annular skirt positioned inside

of and mounted to the annular frame.

14. The prosthetic valve of claim 1, further comprising an outer skirt secured around the

outside of the annular frame.

15.  The prosthetic valve of claim 1, wherein each leaflet comprises two commissure tabs
spaced angularly apart along an interior circumference of the annular frame, the inflow edge

of the leaflet extending across a lumen of the annular frame between the commissure tabs.
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