wo 20207198273 A2 |0 0000 KO0 O 00

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 October 2020 (01.10.2020)

(10) International Publication Number

WO 2020/198273 A2

WIPO I PCT

(51) International Patent Classification:
AG61F 2/24 (2006.01)

(21) International Application Number:
PCT/US2020/024559

(22) International Filing Date:
25 March 2020 (25.03.2020)

(72) Inventors: KERSH, Dikla, Caesarea Business Park, 8
Haeshel Street, 30889 Caesarea (IL). BUKIN, Michael;
Caesareca Business Park, 8 Haeshel Street, 30889 Caesarea
(IL). LEVI, Tamir S.; Caesarea Business Park, 8 Haeshel
Street, 30889 Caesarea (IL). NIR, Noam; Cacsarca Busi-
ness Park, 8 Haeshel Street, 30889 Caesarea (IL).

(74) Agent: GERMAN, Joel B. et al.; Edwards Lifesciences,

(25) Filing Language: English One Edwards Way, Irvine, CA 92614 (US).
(26) Publication Language: English  (81) Designated States (unless otherwise indicated, for every
L. kind of national protection available). AE, AG, AL, AM,
(30) Priority Data: AO, AT, AU, AZ. BA, BB, BG, BH, BN, BR, BW, BY, BZ.
62/823,905 26 March 2019 (26.03.2019) US CA. CIL CL. CN, CO, CR, CU, CZ, DE, DJ. DK, DM. DO,
62/854,702 30 May 2019 (30.05.2019) US DZ. EC, EE, EG, ES, FL. GB, GD, GE, GII, GM, GT. IIN,
(71) Applicant: EDWARDS LIFESCIENCES CORPO- HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
RATION [US/US], One Edwards Way, Irvine, CA 92614 KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
Us). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: PROSTHETIC HEART VALVE
FB8A
¥

(57) Abstract: A prosthetic valve assembly includes a radially expandable and compressible annular frame. The frame includes a
plurality of interconnected struts, which include a plurality of inner struts and a plurality of outer struts. The inner struts overlap adjacent
outer struts at a plurality of pivot joints. Radial expansion or compression of the annular frame causes the inner struts to pivot relative to
the outer struts at the pivot joints. The assembly also includes a valvular structure having a plurality of leaflets, each leaflet having a cusp
edge portion. The assembly further includes one or more leaflet- supporting cords, each having a plurality of anchoring portions and
a plurality of suspended portions, each suspended portion extending between two adjacent anchoring portions. The anchoring portions
are affixed to respective anchoring features of the frame adjacent the pivot joints. The cusp edge portions of the leaflets are connected

to the suspended portions.

[Continued on next page]



WO 2020/198273 A2 | /11000000000

SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2020/198273 PCT/US2020/024559

PROSTHETIC HEART VALVE

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of U.S. Provisional Application No. 62/823,905,
filed March 26, 2019, and U.S. Provisional Application No. 62/854,702, filed May 30, 2019,

both of which are incorporated herein by reference.
FIELD

[002] The present disclosure relates to implantable, mechanically expandable prosthetic
devices, such as prosthetic heart valves, and to methods and assemblies for providing

collapsible frames for, including, such prosthetic devices.
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 repair of the native
valve or replacement of the native valve with an artificial valve. There are a number of
known repair devices (e.g., stents) and artificial valves, as well as a number of known
methods of implanting these devices and valves in humans. Because of the drawbacks
associated with conventional open-heart surgery, percutaneous and minimally-invasive
surgical approaches are garnering attention. In one technique, a prosthetic device is
configured to be implanted in a less invasive procedure by way of catheterization. For
example, a collapsible transcatheter prosthetic heart valve can be crimped to a compressed
state and percutaneously introduced in the compressed state on a catheter and expanded to a
functional size at the desired position. Despite the recent advancements in percutaneous
valve technology, there remains a need for improved transcatheter heart valves and delivery

devices for such valves.

SUMMARY

[004] Described herein are examples of prosthetic valves and related methods of assembling

the same. Prosthetic valves disclosed herein can be implanted within any of the native valves
-1-
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of the heart (e.g., the aortic, mitral, tricuspid and pulmonary valves). In some embodiments,
the prosthetic valve can be delivered through the vasculature and implanted to the heart of a

patient by using a delivery apparatus.

[005] Certain embodiments of the disclosure also concern a prosthetic valve assembly
having a radially expandable and compressible annular frame, a valvular structure, and one or
more leaflet-supporting cords. The frame can include a plurality of inner struts and a
plurality of outer struts. The inner struts can overlap adjacent outer struts at a plurality of
pivot joints and radial expansion or compression of the annular frame can cause the inner
struts to pivot relative to the outer struts at the pivot joints. The valvular structure can include
a plurality of leaflets configured to permit the flow of blood from an inflow end to an outflow
end of the prosthetic valve assembly and block the flow of blood from the outflow end to the
inflow end of the prosthetic valve assembly, each leaflet having a cusp edge portion. Each
leaflet-supporting cord can include a plurality of anchoring portions and a plurality of
suspended portions. Each suspended portion can extend between two adjacent anchoring
portions. The anchoring portions can be affixed to respective anchoring features of the frame
adjacent the pivot joints. The cusp edge portions of the leaflets can be connected to the

suspended portions.

[006] In some embodiments, each of the one or more leaflet-supporting cords can include at
least a first segment that extends diagonally along one of the inner or outer struts and at least

a second segment that extends diagonally along another one of the inner or outer struts.

[007] In some embodiments, the one or more leaflet-supporting cords can include a single

continuous cord connected to each of the leaflets.

[008] In some embodiments, the one or more leaflet-supporting cords can include a plurality

of leaflet-supporting cords, each of which is connected to one of the leaflets.

[009] In some embodiments, the anchoring features can include openings in one or both of
the inner and outer struts and the anchoring portions of the one or more leaflet-supporting

cords can extend through the openings.
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[010] In some embodiments, the anchoring features can include notches in one or both of
the inner and outer struts and the anchoring portions of the one or more leaflet-supporting

cords can extend through the notches.

[011] In some embodiments, each anchoring feature can be located on an intermediate strut
segment which connects a first liner strut segment with a second liner strut segment. The
first and second linear strut segments can be offset to each other and located on opposite side

of the intermediate strut segment.

[012] In some embodiments, each of the anchoring portions of the one or more leaflet-
supporting cords can be affixed to a pair of first and second anchoring features of the frame

adjacent a respective pivot joint.

[013] In some embodiments, the first and second anchoring features of each pair can be

located at diametrically opposing locations of the respective pivot joint.

[014] In some embodiments, the first and second anchoring features of each pair can be on

the same strut, which can be one of the inner struts or one of the outer struts.

[015] In some embodiments, one of the first and second anchoring features of each pair can
be on one of the inner struts and the other of the first and second anchoring features of each

pair can be on one of the outer struts.

[016] In some embodiments, each of the anchoring portions can include one or more loops
of the cord that extends through at least one anchoring feature and around a pair of inner and

outer struts at a respective pivot joint.

[017] In some embodiments, the one or more loops of each anchoring portion can include a

self-locking knot.

[018] In some embodiments, the prosthetic valve assembly can further include an annular
inner skirt covering at least a portion of an inner surface of the frame. The inner skirt can be

attached to the leaflets.

[019] In some embodiments, the inner skirt can include an undulating, curved support

portion and a plurality of flaps extending from the support portion. The support portion can



WO 2020/198273 PCT/US2020/024559

be sutured to the cusp edge portions of the leaflets and the plurality of flaps can be separated
by a plurality of slits.

[020] In some embodiments, the plurality of flaps can extend outside of the frame through

adjacent open cells of the frame.

[021] In some embodiments, each flap extending outside of the frame can overlap with an

adjacent pivot joint of the frame.

[022] In some embodiments, the plurality of flaps extending outside of the frame can be

attached to an outer skirt of the prosthetic valve.

[023] Some embodiments of the disclosure concerns a prosthetic valve assembly including a
radially expandable and compressible annular frame, a valvular structure, an inner skirt
covering at least a portion of an inner surface of the frame, and an outer skirt covering at least
a portion of an outer surface of the frame. The frame can include a plurality of inner struts
and a plurality of outer struts. The inner struts can overlap adjacent outer struts at a plurality
of pivot joints and radial expansion or compression of the annular frame can cause the inner
struts to pivot relative to the outer struts at the pivot joints. The valvular structure can include
a plurality of leaflets configured to permit the flow of blood from an inflow end to an outflow
end of the prosthetic valve assembly and block the flow of blood from the outflow end to the
inflow end of the prosthetic valve assembly, each leaflet having a cusp edge portion. The
inner skirt can include a support portion and a plurality of flaps extending from the support
portion. The plurality of flaps can be separated by a plurality of slits and the support portion
can be attached to the cusp edge portions of the leaflets. The plurality of flaps can extend

through adjacent open cells of the frame and be attached to the outer skirt.
[024] In some embodiments, each flap can overlap an adjacent pivot joint of the frame.

[025] In some embodiments, the prosthetic valve assembly can further include one or more
leaflet-supporting cords. Each leaflet-supporting cord can have a plurality of anchoring
portions and a plurality of suspended portions. Each suspended portion can extend between
two adjacent anchoring portions. The anchoring portions can be affixed to respective
anchoring features of the frame adjacent the pivot joints. The cusp edge portions of the
leaflets can be connected to the suspended portions.

-4 -



WO 2020/198273 PCT/US2020/024559

[026] In some embodiments, each of the one or more leaflet-supporting cords can include at
least a first segment that extends diagonally along one of the inner or outer struts and at least

a second segment that extends diagonally along another one of the inner or outer struts.

[027] In some embodiments, the one or more leaflet-supporting cords can include a single

continuous cord connected to each of the leaflets.

[028] In some embodiments, the one or more leaflet-supporting cords can include a

plurality of leaflet-supporting cords, each of which is connected to one of the leaflets.

[029] In some embodiments, the anchoring features can include openings in one or both of
the inner and outer struts and the anchoring portions of the one or more leaflet-supporting

cords can extend through the openings.

[030] In some embodiments, the anchoring features can include notches in one or both of
the inner and outer struts and the anchoring portions of the one or more leaflet-supporting

cords can extend through the notches.

[031] In some embodiments, each anchoring feature can be located on an intermediate strut
segment. The intermediate strut segment can connect a first liner strut segment with a second
liner strut segment. The first and second linear strut segments can be offset to each other and

located on opposite side of the intermediate strut segment.

[032] In some embodiments, each of the anchoring portions of the one or more leaflet-
supporting cords can be affixed to a pair of first and second anchoring features of the frame

adjacent a respective pivot joint.

[033] In some embodiments, the first and second anchoring features of each pair can be

located at diametrically opposing locations of the respective pivot joint.

[034] In some embodiments, the first and second anchoring features of each pair can be on

the same strut, which can be one of the inner struts or one of the outer struts.

[035] In some embodiments, one of the first and second anchoring features of each pair can
be on one of the inner struts and the other of the first and second anchoring features of each

pair can be on one of the outer struts.
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[036] In some embodiments, each of the anchoring portions can include one or more loops
of the cord that extends through at least one anchoring feature and around a pair of inner and

outer struts at a respective pivot joint.

[037] In some embodiments, the one or more loops of each anchoring portion can include a

self-locking knot.

[038] Some embodiments of the disclosure also concerns a method of assembling a
prosthetic valve. The method can include forming an annular frame by connecting a plurality
of inner struts with a plurality of outer struts at a plurality of pivot joints. The plurality of
inner struts can be configured to pivot relative to the plurality of outer struts at the plurality of
pivot joints during radial expansion or compression of the frame. The method can further
include attaching one or more leaflet-support cords to the frame such that each cord extends
along one of inner or outer struts at spaced apart locations, and attaching a plurality of leaflets

to the one or more leaflet-support cords.

[039] In some embodiments, each of the one or more leaflet-supporting cords can include at
least a first segment and a second segment. Attaching the one or more leaflet-supporting
cords to the frame can include extending the first segment diagonally along one of the inner
or outer struts and extending the second segment diagonally along another one of the inner or

outer struts.

[040] In some embodiments, the one or more leaflet-supporting cords can include a single
continuous cord. Attaching the plurality of leaflets to the one or more leaflet-support cords

can include attaching the plurality of leaflets to the single continuous cord.

[041] In some embodiments, the one or more leaflet-supporting cords can include a plurality
of leaflet-supporting cords. Attaching the plurality of leaflets to the one or more leaflet-
support cords can include connecting each of the leaflet-supporting cords to a respective

leaflet.

[042] In some embodiments, each of the leaflet-supporting cords can include a plurality of
anchoring portions and a plurality of suspended portions. Each suspended portion can extend

between two adjacent anchoring portions. Attaching the one or more leaflet-supporting cords
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to the frame can include affixing the anchoring portions to respective anchoring features of

the frame adjacent the pivot joints.

[043] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include extending the one or more leaflet-supporting cords through

openings located in one or both of the inner and outer struts.

[044] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include extending the one or more leaflet-supporting cords through

notches located in one or both of the inner and outer struts.

[045] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include affixing each of the anchoring portion to a pair of first and
second anchoring features of the frame located at diametrically opposing locations of a

respective pivot joint.

[046] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include forming one or more loops at a respective pivot joint by
extending the corresponding leaflet-support cord through at least one anchoring feature and

around a pair of inner and outer struts at the respective pivot joint.

[047] In some embodiments, affixing the anchoring portions to respective anchoring

features of the frame can include forming a self-locking knot at the one or more loops.

[048] In some embodiments, the method can further include attaching the plurality of
leaflets to an inner skirt of the prosthetic valve. The inner skirt can include a plurality of

flaps separated by a plurality of slits.

[049] In some embodiments, the method can further include extending the plurality of flaps
through adjacent open cells of the frame and attaching the plurality of flaps to an outer skirt

of the prosthetic valve.

[050] In some embodiments, the method can further inclulde folding each flap along a base

of the flap so that the flap extends toward an inflow end of the prosthetic valve.

[051] In some embodiments, the method can further include overlapping the plurality of

flaps to adjacent pivot joints of the frame.
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[052] Some embodiments of the disclosure further concerns another method of assembling a
prosthetic valve. The method can include forming an annular frame by connecting a plurality
of inner struts with a plurality of outer struts at a plurality of pivot joints. The plurality of
inner struts can be configured to pivot relative to the plurality of outer struts at the plurality of
pivot joints during radial expansion or compression of the frame. The method can also
include attaching a plurality of leaflets to an inner skirt of the prosthetic valve. The leaflets
can be configured to permit blood flow from an inflow end to an outflow end of the
prosthetic valve and block blood flow from the outflow end to the inflow end of the
prosthetic valve. The inner skirt can include a plurality of flaps separated by a plurality of
slits. The method can further include extending the plurality of flaps through adjacent open

cells of the frame, and attaching the plurality of flaps to an outer skirt of the prosthetic valve.

[053] In some embodiments, the method can further include folding each flap along a base

of the flap so that the flap extends toward the inflow end of the prosthetic valve.

[054] In some embodiments, the method can further include overlapping the plurality of

flaps to adjacent pivot joints of the frame.

[055] In some embodiments, the method can further include attaching one or more leaflet-
support cords to the frame such that each cord extends along one of inner or outer struts at
spaced apart locations, and attaching the plurality of leaflets to the one or more leaflet-

support cords.

[056] In some embodiments, each of the one or more leaflet-supporting cords can include
at least a first segment and a second segment. Attaching the one or more leaflet-supporting
cords to the frame can include extending the first segment diagonally along one of the inner
or outer struts and extending the second segment diagonally along another one of the inner or

outer struts.

[057] In some embodiments, the one or more leaflet-supporting cords can include a single
continuous cord. Attaching the plurality of leaflets to the one or more leaflet-support cords

can include attaching the plurality of leaflets to the single continuous cord.

[058] In some embodiments, the one or more leaflet-supporting cords can include a
plurality of leaflet-supporting cords. Attaching the plurality of leaflets to the one or more
-8-
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leaflet-support cords can include connecting each of the leaflet-supporting cords to a

respective leaflet.

[059] In some embodiments, each of the leaflet-supporting cords can include a plurality of
anchoring portions and a plurality of suspended portions, and each suspended portion can
extend between two adjacent anchoring portions. Attaching the one or more leaflet-
supporting cords to the frame can include affixing the anchoring portions to respective

anchoring features of the frame adjacent the pivot joints.

[060] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include extending the one or more leaflet-supporting cords through

openings located in one or both of the inner and outer struts.

[061] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include extending the one or more leaflet-supporting cords through

notches located in one or both of the inner and outer struts.

[062] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include affixing each of the anchoring portion to a pair of first and
second anchoring features of the frame located at diametrically opposing locations of a

respective pivot joint.

[063] In some embodiments, affixing the anchoring portions to respective anchoring
features of the frame can include forming one or more loops at a respective pivot joint by
extending the corresponding leaflet-support cord through at least one anchoring feature and

around a pair of inner and outer struts at the respective pivot joint.

[064] In some embodiments, affixing the anchoring portions to respective anchoring

features of the frame can include forming a self-locking knot at the one or more loops.

[065] Certain embodiments of the disclosure concern a prosthetic valve assembly. The
assembly can include a radially expandable and compressible annular frame. The frame can
include a plurality of interconnected struts. The plurality of struts can include a plurality of
inner struts and a plurality of outer struts. The inner struts can overlap adjacent outer struts at
a plurality of pivot joints. Radial expansion or compression of the annular frame can cause

the inner struts to pivot relative to the outer struts at the pivot joints. A channel can extend
-9.
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through at least one of the pivot joints. The assembly can also include an annular inner skirt
covering at least a portion of an inner surface of the frame. The assembly can further include
a valvular structure attached to the inner skirt and positioned within the frame. The valvular
structure can be configured to permit the flow of blood from an inflow end to an outflow end
of the valve and block the flow of blood from the outflow end to the inflow end of the valve.

The inner skirt can be attached to the frame with a suture extending through the channel.

[066] In some embodiments, the assembly can further include an annular outer skirt
covering at least a portion of an outer surface of the frame. The suture can further extend

through the outer skirt so as to attach the outer skirt to the frame.

[067] In some embodiments, at least a portion of the outer skirt can extend into the channel
so that the suture extending through the channel is at least partially surrounded by the portion

of the outer skirt.

[068] In some embodiments, the pivot joint having the channel can be formed by an inner
strut overlapping with an outer strut. The inner or outer strut can include a projection and the
other outer or inner strut can include an aperture. The projection can extend through the

aperture.

[069] In some embodiments, the projection can include a body portion and a flange portion.

The flange portion can have a larger diameter than the body portion.

[070] In some embodiments, the second strut can include a recess surrounding the aperture.

The recess can be configured to receive the flange portion of the projection.

[071] In some embodiments, the inner strut can include the projection and the outer strut

can include the aperture.

[072] In some embodiments, the outer strut can include the projection and the inner strut

can include the aperture.

[073] In some embodiments, the valvular structure can include a plurality of leaflets. Each
leaflet can have an inflow edge portion. The inflow edge portions of the leaflets can define

an undulating, curved scallop line.

- 10 -
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[074] In some embodiments, the inner skirt can include an outflow edge extending along a
first row of strut segments that are located immediately adjacent to the scallop line toward the

outflow end of the valve.

[075] In some embodiments, the outflow edge of the inner skirt can be attached to the first
row of strut segments via a continuous stitching pass that substantially tracks a curvature of

the scallop line when the frame is in a radially expanded configuration.

[076] In some embodiments, the inner skirt can include an inflow edge extending along a
second row of strut segments that are located immediately adjacent to the scallop line toward

the inflow end of the valve.

[077] In some embodiments, the inflow edge of the inner skirt can be attached to the second
row of strut segments via a continuous stitching pass that substantially tracks a curvature of

the scallop line when the frame is in a radially expanded configuration.

[078] Certain embodiments of the disclosure also concern a method of assembling a
prosthetic valve. The method can include providing a plurality of inner struts, providing a
plurality of outer struts, and forming an annular frame by connecting the inner and outer
struts at a plurality of pivot joints. The inner struts can be configured to pivot relative to the
outer struts at the plurality of pivot joints during radial expansion or compression of the
frame. The method can also include attaching a valvular structure to an inner skirt. The
valvular structure can be configured to permit the flow of blood from an inflow end to an
outflow end of the valve and block the flow of blood from the outflow end to the inflow end
of the valve. The method can further include attaching the inner skirt to the frame from an

interior side of the frame.

[079] In some embodiments, attaching the inner skirt to the frame can including passing a

suture through the inner skirt and a channel extending through at least one of the pivot joints.

[080] In some embodiments, the method can further include attaching an outer skirt to the

frame from an exterior side of the frame by passing the suture through the outer skirt.

[081] In some embodiments, the method can further include tensioning the suture so as to
pull at least a portion of the outer skirt into the channel such that the suture passing through

the channel is at least partially surrounded by the portion of the outer skirt.
-11 -
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[082] In some embodiments, the channel can be formed by overlapping an inner strut with
an outer strut. The inner or outer strut can include a projection and the other outer or inner

strut can include an aperture. The projection can extend through the aperture.

[083] In some embodiments, the valvular structure can include a plurality of leaflets. Each
leaflet can have an inflow edge portion. The inflow edge portions of the leaflets can define

an undulating, curved scallop line.

[084] In some embodiments, the method can further include attaching an outflow edge of
the inner skirt to a first row of strut segments that are located immediately adjacent to the

scallop line toward an outflow end of the valve.

[085] In some embodiments, the method can further include attaching an inflow edge of the
inner skirt to a second row of strut segments that are located immediately adjacent to the

scallop line toward an inflow end of the valve.

[086] Certain embodiments of the disclosure further concern a prosthetic valve assembly
including a radially expandable and compressible annular frame, an annular inner skirt
covering at least a portion of an inner surface of the frame, and a valvular structure attached
to the inner skirt and positioned within the frame. The frame can include a plurality of
interconnected struts. The plurality of struts can include a plurality of inner struts and a
plurality of outer struts. The inner struts can overlap adjacent outer struts at a plurality of
pivot joints and radial expansion or compression of the annular frame causes the inner struts
to pivot relative to the outer struts at the pivot joints. The valvular structure can be
configured to permit the flow of blood from an inflow end to an outflow end of the valve
assembly and block the flow of blood from the outflow end to the inflow end of the valve
assembly. The valvular structure can include a plurality of leaflets. Each leaflet has an
inflow edge portion, and the inflow edge portions of the leaflets can define an undulating,
curved scallop line. The inner skirt can include an outflow edge extending along a first row
of strut segments that are located immediately adjacent to the scallop line toward the outflow
end of the valve assembly. The first row of strut segments can define a zig-zag shaped loop.
The zig-zag shaped loop can include a plurality of first diagonal paths alternating with a

plurality of second diagonal paths. Each of the first diagonal paths extends in a direction

-12 -
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from the outflow end to the inflow end, and each of the second diagonal paths extends in a

direction from the inflow end to the outflow end.

[087] In some embodiments, the inner skirt can include an inflow edge extending along a
second row of strut segments that are located immediately adjacent to the scallop line toward

the inflow end.

[088] In some embodiments, a portion of the scallop line traversing through a plurality of
full cells of the frame can be bounded by the first and second rows of strut segments. Each of

the full cells can have a quadrilateral shape formed by four interconnecting strut segments.

[089] In some embodiments, the portion of the scallop line traversing through the plurality
of full cells can intersect a plurality of crossing strut segments which extend between the first
and second rows of strut segments. The inner skirt can be not attached to any of the crossing

strut segments.

[090] In some embodiments, at least two adjacent first and second diagonal paths can
intersect at a lower pivot joint which is adjacent to an inflow-most location along the scallop

line. The inflow-most location can be where the scallop line is closest to the inflow end.

[091] In some embodiments, at least two adjacent first and second diagonal paths can
intersect at an upper pivot joint which is adjacent to a commissure, and the commissure can

be formed by a pair of adjacent leaflets and can be configured to be attached to the frame.

[092] In some embodiments, an axial distance between the upper pivot joint and the

commissure can be zero.

[093] In some embodiments, the outflow edge of the inner skirt can be attached to the first

row of strut segments.

[094] In some embodiments, the inflow edge of the inner skirt can be attached to the

second row of strut segments.

[095] Certain embodiments of the disclosure further concern a method of assembling a
prosthetic valve. The method can include forming an annular frame by connecting a plurality
of inner struts and a plurality of outer struts at a plurality of pivot joints. The inner struts can

be configured to pivot relative to the outer struts at the plurality of pivot joints during radial

- 13-
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expansion or compression of the frame. The method can further include forming a sub-
assembly by attaching a plurality of leaflets to an inner skirt, and attaching the sub-assembly

to the frame from an interior side of the frame.

[096] In some embodiments, attaching the inner skirt to the frame can include passing a

suture through the inner skirt and a channel extending through at least one of the pivot joints.

[097] In some embodiments, the method can further include attaching an outer skirt to the

frame from an exterior side of the frame by passing the suture through the outer skirt.

[098] In some embodiments, the method can further include tensioning the suture so as to
pull at least a portion of the outer skirt into the channel such that the suture passing through

the channel is at least partially surrounded by the portion of the outer skirt.

[099] In some embodiments, the channel can be formed by overlapping an inner strut with
an outer strut. The inner or outer strut can include a projection and the other outer or inner

strut can include an aperture, and the projection can extend through the aperture.

[0100] In some embodiments, the valvular structure can include a plurality of leaflets, each
leaflet having an inflow edge portion. The inflow edge portions of the leaflets can define an

undulating, curved scallop line.

[0101] In some embodiments, the method can further include attaching an outflow edge of
the inner skirt to a first row of strut segments that are located immediately adjacent to the

scallop line toward an outflow end of the valve.

[0102] In some embodiments, the method can further include attaching an inflow edge of the
inner skirt to a second row of strut segments that are located immediately adjacent to the

scallop line toward an inflow end of the valve.

[0103] The foregoing and other objects, features, and advantages of the invention will
become more apparent from the following detailed description, which proceeds with

reference to the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0104] FIG. 1 is a side elevational view of a prosthetic valve, according to one embodiment.
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[0105] FIG. 2A shows the frame of the prosthetic valve of FIG. 1 in a radially compressed

configuration.

[0106] FIG. 2B shows the frame of the prosthetic valve of FIG. 1 shown in a radially

expanded configuration.

[0107] FIG. 3 shows a side elevational view a prosthetic valve, according to another

embodiment.
[0108] FIG. 4 is another side elevational view of the embodiment depicted in FIG. 3.

[0109] FIG. 5 is a flattened view of the inner skirt of the prosthetic valve depicted in FIGS.
3-4.

[0110] FIG. 6A is a perspective view of an embodiment of a flattened inner strut for a frame

of a prosthetic valve, such as the frame of FIG. 3.

[0111] FIG. 6B is a perspective view of an embodiment of a flattened outer strut for a frame

of a prosthetic valve, such as the frame of FIG. 3.

[0112] FIG. 6C is a perspective view of a hinge joint formed by the inner and outer struts

depicted in FIGS. 6A-6B, according to one embodiment.

[0113] FIG. 7 is a side cross-sectional view of a hinge joint of a prosthetic valve including

the adjacent portions of inner and outer skirts, according to one embodiment.

[0114] FIG. 8A is an interior view of a portion of a frame in a fully-expanded configuration

with a leaflet-supporting cord attached to the frame, according to one embodiment.

[0115] FIG. 8B is an exterior view of the frame depicted in FIG. 8A in the fully-expanded

configuration.

[0116] FIG. 8C is an exterior view of the frame depicted in FIG. 8A in a partially compressed

configuration.
[0117] FIG. 8D is a flattened view of a leaflet attached to a leaflet-supporting cord.

[0118] FIG. 9A is a perspective view of a pivot joint having an opening in one of the

overlapping struts, according to one embodiment.
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[0119] FIG. 9B is a perspective view of a pivot joint having two openings in one of the

overlapping struts, according to one embodiment.

[0120] FIG. 9C is a perspective view of a pivot joint having two openings in one of the

overlapping struts, according to another embodiment.

[0121] FIG. 9D is a perspective view of the pivot joint depicted in FIG. 9A with a leaflet-

supporting cord extending through the opening, according to one embodiment.

[0122] FIG. 9E is a perspective view of the pivot joint depicted in FIG. 9B with a leaflet-

supporting cord extending through the two openings, according to one embodiment.

[0123] FIG. 10A is a perspective view of a pivot joint having two notches, according to one

embodiment.

[0124] FIG. 10B is a perspective view of the pivot joint depicted in FIG. 10A with a leaflet-

supporting cord extending through the two notches, according to one embodiment.

[0125] FIG. 11A is a perspective view of one strut having a plurality of notches and a leaflet-

supporting cord attached to the strut through the notches, according to one embodiment.

[0126] FIG. 11B is a perspective view of one strut having a plurality of openings and a
leaflet-supporting cord attached to the strut through the openings, according to one

embodiment.

[0127] FIG. 12 is a flattened view of three sections of an inner skirt, according to one

embodiment.

[0128] FIG. 13 is a flattened view of a leaflet being attached to one section of the inner skirt

depicted in FIG. 12, according to one embodiment.

[0129] FIG. 14 is a cross-sectional view of a leaflet, an inner skirt attached to the leaflet and
extending outside of a frame, and an outer skirt attached to the inner skirt, according to one

embodiment.

[0130] FIG. 15 is a side elevation view of a portion of a frame depicting flaps of an inner

skirt being attached to an outer skirt, according to one embodiment.
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DETAILED DESCRIPTION

[0131] Described herein are examples of prosthetic implants, such as prosthetic heart valves
that can be implanted within any of the native valves of the heart (e.g., the aortic, mitral,
tricuspid and pulmonary valves). The present disclosure also provides frames for use with
such prosthetic implants. The frames can comprise struts shaped to reduce or eliminate
pinching of the soft components of the prosthetic implant (e.g., leaflets of the implant) when

the implant is radially compressed to a delivery configuration for delivery into a patient.

[0132] Prosthetic valves disclosed herein can be radially compressible and expandable
between a radially compressed state and a radially expanded state. Thus, the prosthetic
valves can be crimped on or retained by an implant delivery apparatus in the radially
compressed state during delivery, and then expanded to the radially expanded state once the

prosthetic valve reaches the implantation site.

[0133] FIG. 1 shows an exemplary prosthetic valve 10, according to one embodiment. The
prosthetic valve 10 can include an annular stent or frame 12 having an inflow end 14 and an
outflow end 16. The prosthetic valve 10 can also include a valvular structure 18 which is
coupled to and supported inside of the frame 12. The valvular structure 18 is configured to
regulate the flow of blood through the prosthetic valve 10 from the inflow end 14 to the
outflow end 16.

[0134] The valvular structure 18 can include, for example, a leaflet assembly comprising one
or more leaflets 20 made of a flexible material. The leaflets 20 can be made from in whole or
part, biological material, bio-compatible synthetic materials, or other such materials. Suitable
biological material can include, for example, bovine pericardium (or pericardium from other
sources). The leaflets 20 can be secured to one another at their adjacent sides to form

commissures, each of which can be secured to a respective actuator 50 or the frame 12.

[0135] In the depicted embodiment, the valvular structure 18 comprises three leaflets 20,
which can be arranged to collapse in a tricuspid arrangement. Each leaflet 20 can have an
inflow edge portion 22. As shown in FIG. 1, the inflow edge portions 22 of the leaflets 20
can define an undulating, curved scallop shape that follows or tracks a plurality of

interconnected strut segments of the frame 12 in a circumferential direction when the frame
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12 is in the radially expanded configuration. The inflow edges of the leaflets can be referred

to as a “scallop line.”

[0136] In some embodiments, the inflow edge portions 22 of the leaflets 20 can be sutured to
adjacent struts of the frame generally along the scallop line. In other embodiments, the
inflow edge portions 22 of the leaflets 20 can be sutured to an inner skirt (e.g., inner skirt 72
of FIGS. 3-5, discussed below), which in turn in sutured to adjacent struts of the frame. By
forming the leaflets 20 with this scallop geometry, stresses on the leaflets 20 are reduced,
which in turn improves durability of the valve 10. Moreover, by virtue of the scallop shape,
folds and ripples at the belly of each leaflet 20 (the central region of each leaflet), which can
cause early calcification in those areas, can be eliminated or at least minimized. The scallop
geometry also reduces the amount of tissue material used to form valvular structure 18,

thereby allowing a smaller, more even crimped profile at the inflow end 14 of the valve 10.

[0137] Further details regarding transcatheter prosthetic heart valves, including the manner in
which the valvular structure can be mounted to the frame of the prosthetic valve can be
found, for example, in U.S. Patent Nos. 6,730,118, 7,393,360, 7,510,575, 7,993,394, and
8,252,202, and U.S. Patent Application No. 15/978,459 (Published as U.S. Publication No.

2018/0325665), all of which are incorporated herein by reference in their entireties.

[0138] The prosthetic valve 10 can be radially compressible and expandable between a
radially compressed configuration and a radially expanded configuration. FIGS. 2A-2B show
the bare frame 12 of the prosthetic valve 10 (without the leaflets and other components) for
purposes of illustrating expansion of the prosthetic valve 10 from the radially compressed

configuration (FIG. 2A) to the radially expanded configuration (FIG. 2B).

[0139] The frame 12 can include a plurality of interconnected lattice struts 24 arranged in a
lattice-type pattern and forming a plurality of apices 34 at the outflow end 16 of the prosthetic
valve 10. The struts 24 can also form similar apices 32 at the inflow end 14 of the prosthetic
valve 10. In FIG. 2B, the struts 24 are shown as positioned diagonally, or offset at an angle
relative to, and radially offset from, a longitudinal axis 26 of the prosthetic valve 10 when the

prosthetic valve 10 is in the expanded configuration. In other implementations, the struts 24
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can be offset by a different amount than depicted in FIG. 2B, or some or all of the struts 24

can be positioned parallel to the longitudinal axis 26 of the prosthetic valve 10.

[0140] The struts 24 can comprise a set of inner struts 24a (extending from the upper left to
the lower right of the frame in FIG. 2B) and a set of outer struts 24b (extending from the
lower left to the upper right of the frame in FIG. 2B) connected to the inner struts 24a. The
open lattice structure of the frame 12 can define a plurality of open frame cells 36 between

the struts 24.

[0141] The struts 24 can be pivotably coupled to one another at one or more pivot joints 28
along the length of each strut. For example, in one embodiment, each of the struts 24 can be
formed with apertures at opposing ends of the strut and apertures spaced along the length of
the strut. Respective hinges can be formed at the locations where struts 24 overlap each other
via fasteners, such as rivets or pins that extend through the apertures. The hinges can allow
the struts 24 to pivot relative to one another as the frame 12 is radially expanded or

compressed, such as during assembly, preparation, or implantation of the prosthetic valve 10.

[0142] The frame struts and the components used to formed the pivot joints of the frame 12
(or any frames described below) can be made of any of various suitable materials, such as
stainless steel, a cobalt chromium alloy, or a nickel titanium alloy (“NiTi”), for example
Nitinol. In some embodiments, the frame 12 can be constructed by forming individual
components (e.g., the struts and fasteners of the frame) and then mechanically assembling
and connecting the individual components together. In other embodiments, the struts 24 are
not coupled to each other with respective hinges but are otherwise pivotable or bendable
relative to each other to permit radial expansion and contraction of the frame 12. For
example, the frame 12 can be formed (e.g., via laser cutting, electroforming or physical vapor
deposition) from a single piece of material (e.g., a metal tube). Further details regarding the
construction of the frame and the prosthetic valve are described in U.S. Patent Publication
Nos. 2018/0153689 and 2018/0344456, and U.S. Patent Application Nos. 16/105,353 and
62/748,284, all of which are incorporated herein by reference.

[0143] In the illustrated embodiment, the prosthetic valve 10 can be mechanically expanded

from the radially configuration to the radially expanded configuration. For example, the
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prosthetic valve 10 can be radially expanded by maintaining the inflow end 14 of the frame
12 at a fixed position while applying a force in the axial direction against the outflow end 16
toward the inflow end 14. Alternatively, the prosthetic valve 10 can be expanded by applying
an axial force against the inflow end 14 while maintaining the outflow end 16 at a fixed
position, or by applying opposing axial forces to the inflow and outflow ends 14, 16,

respectively.

[0144] As shown in FIG. 1, the prosthetic valve 10 can include one or more actuators 50
mounted to and equally spaced around the inner surface of the frame 12. Each of the
actuators 50 can be configured to form a releasable connection with one or more respective

actuators of a delivery apparatus.

[0145] In the illustrated embodiment, expansion and compression forces can be applied to
the frame by the actuators 50. Referring again to FIG. 1, each of the actuators 50 can
comprise a screw or threaded rod 52, a first anchor in the form of a cylinder or sleeve 54, and
a second anchor in the form of a threaded nut 56. The rod 52 extends through the sleeve 54
and the nut 56. The sleeve 54 can be secured to the frame 12, such as with a fastener that
forms a hinge at the junction between two struts. Each actuator 50 is configured to increase
the distance between the attachment locations of a respective sleeve 54 and nut 56, which
causes the frame 12 to elongate axially and compress radially, and to decrease the distance
between the attachment locations of a respective sleeve 54 and nut 56, which causes the

frame 12 to foreshorten axially and expand radially.

[0146] For example, each rod 52 can have external threads that engage internal threads of
the nut 56 such that rotation of the rod causes corresponding axial movement of the nut 56
toward or away from the sleeve 54 (depending on the direction of rotation of the rod 52).
This causes the hinges supporting the sleeve 54 and the nut 56 to move closer towards each
other to radially expand the frame or to move farther away from each other to radially

compress the frame, depending on the direction of rotation of the rod 52.

[0147] In other embodiments, the actuators 50 can be reciprocating type actuators
configured to apply axial directed forces to the frame to produce radial expansion and

compression of the frame. For example, the rod 52 of each actuator can be fixed axially
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relative to the sleeve 56 and slidable relative to the sleeve 54. Thus, in this manner, moving
the rod 52 distally relative to the sleeve 54 and/or moving the sleeve 54 proximally relative to
the rod 52 radially compresses the frame. Conversely, moving the rod 52 proximally relative
to the sleeve 54 and/or moving the sleeve 54 distally relative to the rod 52 radially expands

the frame.

[0148] When reciprocating type actuators are used, the prosthetic valve can also include one
or more locking mechanisms that retain the frame in the expanded state. The locking
mechanisms can be separate components that are mounted on the frame apart from the

actuators, or they can be a sub-component of the actuators themselves.

[0149] Each rod 52 can include an attachment member 58 along a proximal end portion of
the rod 52 configured to form a releasable connection with a corresponding actuator of a
delivery apparatus. The actuator(s) of the delivery apparatus can apply forces to the rods for
radially compressing or expanding the prosthetic valve 10. The attachment member 58 in the
illustrated configuration comprises a notch 60 and a projection 62 that can engage a

corresponding projection of an actuator of the delivery apparatus.

[0150] In the illustrated embodiments, the prosthetic valve 10 includes three such actuators
50, although a greater or fewer number of actuators could be used in other embodiments. The
leaflets 20 can have commissure attachments members 64 that wrap around the sleeves 54 of
the actuators 50. Further details of the actuators, locking mechanisms and delivery
apparatuses for actuating the actuators can be found in U.S. Patent Publication No.
2018/0153689 and U.S. Patent Application Nos. 16/105,353, 15/831,197, and 15/978,459,
each of which is incorporated herein by reference in its entirety. Any of the actuators and
locking mechanisms disclosed in the previously filed applications can be incorporated in any
of the prosthetic valves disclosed herein. Further, any of the delivery apparatuses disclosed
in the previously filed applications can be used to deliver and implant any of the prosthetic

valves discloses herein.

[0151] The prosthetic valve 10 can include one or more skirts or sealing members. As
described more fully below, the prosthetic valve 10 can include an inner skirt (e.g., inner skirt

72 of FIGS. 3-5, discussed below) mounted on the inner surface of the frame. The inner skirt
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can function as a sealing member to prevent or decrease perivalvular leakage, to anchor the
leaflets to the frame, and/or to protect the leaflets against damage caused by contact with the
frame during crimping and during working cycles of the prosthetic valve. As shown in FIG.
1, the prosthetic valve 10 can also include an outer skirt 70 mounted on the outer surface of
the frame 12. The outer skirt 70 can function as a sealing member for the prosthetic valve by
sealing against the tissue of the native valve annulus and helping to reduce paravalvular
leakage past the prosthetic valve. The inner and outer skirts can be formed from any of
various suitable biocompatible materials, including any of various synthetic materials,
including fabrics (e.g., polyethylene terephthalate fabric) or natural tissue (e.g., pericardial

tissue).

[0152] FIGS. 3-4 shows another embodiment of a prosthetic valve 100. Similar to the
prosthetic valve 10 depicted in FIG. 1, the prosthetic valve 100 includes a frame 112 which
can be radially compressed and expanded by one or more actuators 150 (similar to actuators
50) mounted on the interior surface of the frame 112. Likewise, the prosthetic valve 100
includes a plurality of leaflets 120 which are configured to regulate the flow of blood through
the prosthetic valve 100 from the inflow end 114 to the outflow end 116 of the frame 112.
The description above of the leaflets 20, including the shape of the leaflets 20, applies to the
leaflets 120. As such, the inflow edge of the leaflets 120 can form a scallop line 122.

[0153] Similar to the frame 12 depicted in FIG. 1, the frame 112 includes a plurality of
interconnected lattice struts 124 arranged in a lattice-type pattern, and the struts 124 can be
pivotably coupled to one another at one or more pivot joints 128 along the length of each
strut. As described more fully below, one or more of the pivot joints 128 can have a channel

which extends through the corresponding pivot joint 128.

[0154] As shown in FIGS. 3-4, the prosthetic valve 100 includes an inner skirt 72 attached to
the inner surface of the frame 112. FIG. 5 shows a flattened view of the inner skirt 72.
Optionally, an outer skirt (similar to the outer skirt 70 depicted in FIG. 1) can also be
attached to the outer surface of the frame 112 (not shown). As described in greater detail
below, in the illustrated embodiment, the leaflets are sutured to the inner skirt 72 along the

scallop line 122, such as with in-and-out stiches that extend through the leaflets and the inner
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skirt. Thus, in the embodiment of FIGS. 3-4, the scallop line 122 also represents the stitching
that is used to secure the inflow edges of the leaflets 120 to the inner skirt 72.

[0155] In some embodiments, the size of the inner skirt 72 can be minimized to improve the
process for assembling the prosthetic valve 100 and to reduce the risk of abrasion to the
leaflets 120, which can be caused by the edges of the inner skirt and sutures attached on the

struts, especially during systole.

[0156] In one embodiment, as illustrated in FIGS. 3-4, minimization of the inner skirt 72 can
be achieved by sizing and shaping the inner skirt 72 so that when it is attached to the inflow
end portion of the frame 112, the scallop line 122 formed by the inflow edges of the leaflets
120 is fully covered by the inner skirt 72 while the outflow edge of the inner skirt (the upper
edge in the figures) extends only to the struts that are immediately adjacent to the scallop line

122 toward the outflow end 116 of the frame 112.

[0157] For example, FIGS. 3-4 show that the scallop line 122 passes through the full cells
166a-b and 166d-h near the inflow end portion of the frame 112 for an about 180-degree
segment of the scallop line (note that the other about 180-degree segment of the scallop line
can pass through additional full cells, which are not shown in FIGS. 3-4). The scallop line
122 also passes through some areas adjacent to the inflow end 114 of the frame that do not
have full frame cells (e.g., area 166¢ depicted in FIGS. 3-4, which is a half-cell below two
overlapping struts 124a, 124b that extend to the inflow end 114 of the frame). As used
herein, a full cell means a frame cell with a quadrilateral shape formed by four
interconnecting strut segments, and half-cell means a frame cell that has only two sides

formed by two connected strut segments.

[0158] As shown, the outflow edge 78 of the inner skirt 72 can run along a first row of strut
segments comprising 160a-j that are located immediately adjacent to the scallop line 122
toward the outflow end 116 of the frame. Although the labelled strut segments 160a-j form
approximately a 180-degree segment, it should be understood that the entire first row of strut

segments for supporting the outflow edge 78 of the inner skirt would extend 360 degrees.

[0159] The outflow edge 78 of the inner skirt 72 can be attached to the first row of strut

segments, for example, with one or more sutures forming whip stitches 170. In some
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embodiments, the stiches 170 can form a continuous stitching pass that substantially tracks or
parallels the scallop line 122 when the frame 112 is in a radially expanded configuration.

The whip stitches 170 can extend around the strut segments, through the skirt 78, and
optionally through openings or channels 142 at the pivot joints between two overlapping
struts, as shown in FIGS. 3 and 4. Such a continuous stitching pass can reduce stitch amount

and improve stitch simplicity and continuity in the valve assembly process.

[0160] By lowering and attaching the outflow edge 78 of the inner skirt 72 along the first
row of strut segments that are located immediately adjacent to the scallop line 122 toward the
outflow end 116 of the frame, the risk of leaflet abrasion can be mitigated because the
outflow edge 78 and the associated stitches 170 are closer to the leaflet bending line and

farther away from the area where the leaflets 120 may hit the inner wall of the frame.

[0161] As noted above, the first row of strut segments supporting the outflow edge 78 of the
inner skirt generally tracks the curvature of the scallop line 122. For example, as shown in
FIG. 3, the strut segments 160a, 160b and 160c form a diagonal path P1 extending from a
pivot joint 128a adjacent one of the commissures, to a pivot joint 128b adjacent the inflow-
most edge portion of the leaflet closest to the inflow end of the frame (the inflow-most edge
portion is half-way between the commissures tabs of the leaflet in the depicted embodiment).
The diagonal path P1 extends along a diagonal line in a direction from the outflow end of the
frame to the inflow end of the frame and therefore generally tracks the curvature of the
adjacent scallop line segment S1, which also extends in a direction from the outflow end of
the frame to the inflow end of the frame starting at the upper end of the segment S1 adjacent
the commissure to the lower end of the segment S1 at the inflow-most edge portion of the

leaflet.

[0162] Similarly, as shown in FIGS. 3-4, the strut segments 160d, 160e and 160f form a
diagonal path P2 extending from the pivot joint 128b to a pivot joint 128c adjacent the
opposite commissure of the leaflet, and the strut segments 160g, 160h and 160i form a
diagonal path P3 extending from the pivot joint 128c¢ to a pivot joint 128d at the inflow-most
edge portion of the adjacent leaflet. The diagonal path P2 extends along a diagonal line in a
direction from the inflow end of the frame to the outflow end of the frame and therefore

generally tracks the curvature of the adjacent scallop line segment S2, which also extends in a
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direction from the inflow end of the frame to the outflow end of the frame starting at the
lower end of the segment S2 to the upper end of the segment S2 adjacent the opposite
commissure of the leaflet. The diagonal path P3 extends along a diagonal line similar to P1

but tracks the adjacent scallop line segment S3 of the next leaflet.

[0163] As such, the paths P1 and P2 intersect at the pivot joint 128b which is adjacent the
inflow-most location along the scallop line 122 which is closest to the inflow end (i.e., the
joint between segments S1 and S2), and the paths P2 and P3 intersect at the pivot joint 128¢
which is adjacent to the point at the scallop line 122 which is closest to the outflow end (i.e.,

the joint between segments S2 and S3).

[0164] As can be appreciated, at each leaflet 120, the outflow edge 78 of the skirt 72 is
attached to strut segments along a first diagonal path (e.g., P1) extending in a direction from
the outflow end to the inflow end of the frame and then along a second path (e.g., P2)

extending in the opposite direction from the inflow end to the outflow end of the frame.

[0165] For the entire first row of strut segments for supporting the outflow edge 78, such
diagonal paths form a zig-zag path or row of strut segments that extends 360 degrees around
the frame, forming a closed zig-zap loop of strut segments. When attaching the inner skirt 72
as shown in FIG. 5 to the frame 112, the closed zig-zag loop of strut segments can include
three paths (one for each leaflet 120) (e.g., P1 and P3) extending in a direction from the
outflow end to the inflow end of the frame alternating with three paths (one for each leaflet
120) (e.g., P2) extending in a direction from the inflow end to the outflow end of the frame.
In the illustrated embodiment (which includes three leaflets 120), the intersections of these
paths include three pivot joints (e.g., 128c¢) that are adjacent the commissures and three pivot

joints (e.g., 128b) that are adjacent the inflow-most location of each leaflet 120.

[0166] As noted above, adjacent leaflets can form commissures which can be secured to
respective actuators. For example, two adjacent leaflets corresponding to the scallop line
segments S2 and S3 can form a commissure (not shown) which is secured to the actuator 150
at the outflow end of the frame. As best shown in FIG. 4, the upper ends of the scallop line
segments S2 and S3 meet at a location adjacent a pivot joint 128c along the row of strut

segments. In some embodiments, the axial distance (or gap) between the commissure and the
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pivot joint 128c can be reduced or even eliminated. Reducing such axial distance can reduce
stress concentrations on the scallop line stiches during valve expansion and valve cycling and

provide a more robust connection of the leaflets to the skirt.

[0167] In the embodiment depicted in FIGS. 3-4, the inflow edge 79 of the inner skirt 72 can
extend to and generally align with the inflow end 114 of the frame. In the flattened
configuration (FIG. 5), the inflow edge 79 of the inner skirt 72 is straight in the illustrated
embodiment. As such, the inflow edge 79 of the inner skirt 72 and the inflow-end strut
segments (162a-j) that define the inflow end 114 can form a plurality of triangular areas

168a-e along the inflow edge portion of the inner skirt.

[0168] In the illustrated embodiment, the inflow edge 79 (or a portion adjacent to the inflow
edge 79) of the inner skirt 72 can be attached to a second row of strut segments comprising
164a, 162b-e, 164b-c, 162h-j that are located immediately adjacent to the scallop line 122
toward the inflow end 114 of the frame. Strut segments 164a, 162b-e, 164b-c, 162h-j form an
about 180-degree segment of the second row. The entire second row of strut segments for
supporting the inflow edge 79 of the inner skirt would extend 360 degrees around the frame.
Thus, the entire second row comprises two partial rows formed from strut segments 164a,
162b-e, 164b-c, 162h-j. The inflow edge 79 can be attached to the second row of strut
segments with one or more sutures forming whip stitches 172 that can extend around adjacent
strut segments, through the inner skirt, and optionally through the openings or channels 142
at the pivot joints between overlapping struts. In some embodiments, the stiches 172 can
form a continuous stitching pass that substantially tracks or parallels the scallop line 122
when the frame 112 is in a radially expanded configuration. Such a continuous stitching pass
can reduce stitch amount and improve stitch simplicity and continuity in the valve assembly

process.

[0169] As shown in FIGS. 3-4, the first and second rows of strut segments respectively
supporting the outflow edge 78 and inflow edge 79 generally form two guard rails that bound
the scallop line 122 except for the portions of the scallop line that are closest to the inflow
end of the frame, where the scallop line 122 may intersect some second row strut segments

(e.g., 162c, 162d) that form half-cells (e.g., 166¢c). For any other full cells (e.g., 166a-b,
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166d-h) through which the scallop line 122 traverses, the scallop line 122 is bounded between

the first and second rows of strut segments.

[0170] In some embodiments, besides stitching the inner skirt 72 along the two rows of strut
segments which bound the scallop line 122, additional stitches 174 can be applied to suture
selected portions of the inner skirt 72 to selected strut segments (e.g., 162f, 162¢g) to reduce or

minimize areas of inner skirt that otherwise would be loose or detached from the frame.

[0171] As shown in FIGS. 3-4, the scallop line 122 intersects a plurality of strut segments
(e.g., 163a-d, hereinafter “crossing strut segments”) which extend between the first and
second rows and form a side that is shared by two adjacent full cells (e.g., 166a-b, 166d-h).
In some embodiments, the inner skirt 72 is not stitched to such crossing strut segments (163a-
d). The stitch-free crossing strut segments (163a-d) allow the adjacent portions of the inner
skirt 72 to be pulled inwardly to create a tenting effect when the leaflets move inwardly
toward the closed position of the leaflets during valve cycling so as to reduce stress on the

leaflets.

[0172] In other embodiments, the inflow edge 79 of the inner skirt 72 can be shaped to
correspond with the path formed by the second row of strut segments comprising 164a, 162b-
e, 164b-c, 162h-j. As such, frame cells that are completely covered by the inner skirt 72 are
limited to those frame cells through which the scallop line 122 traverses (e.g., 166a-b, 166d-
h).

[0173] In some embodiments, the leaflets 120 can be attached to the inner skirt 72 to form a
sub-assembly before attaching the inner skirt 72 to the frame 112. In other words, some soft
components (e.g., leaflets and inner skirt) can be pre-assembled. In one particular
embodiment, the leaflets 120 can be sutured to the inner skirt 72 along the scallop line 122,
and the leaflet and skirt sub-assembly can then be placed inside of the frame 112, and then
the inner skirt 72 can be sutured to the strut segments of the frame as described above and the
commissures can be attached to the frame as previously described. Thus, the process of
assembling the prosthetic valve can be more efficient and the risk of damaging the leaflets

can be reduced due to less stitching operations close to the leaflets.
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[0174] In some embodiments, one or more pivot joints 128 of the frame 112 can have a

channel that allows a suture to extend through, as described more fully below.

[0175] FIG. 6A shows an exemplary inner strut 124a and FIG. 6B shows an exemplary outer
strut 124b. FIG. 3C shows one particular embodiment of a pivot joint 128 formed by the pair
of overlapping inner strut 124a and outer strut 124b. A frame 112 (similar to frame 12) can
be formed from a plurality of inner struts 124a and outer struts 124b arranged in the same

manner as struts 24 discussed above.

[0176] As shown in FIG. 6A, the inner strut 124a can have an offset, or zig-zag, pattern
defined by a plurality of offset linear portions or segments 126a. The linear segments 126a in
the illustrated embodiment are arranged end-to-end relative to each other with adjacent ends
interconnected to each other by intermediate segments 130a. The inner strut 124a can have

enlarged end portions 132a that form the apices at the inflow and outflow end of the frame.

[0177] In the embodiment shown in FIG. 6A, each of the intermediate segments 130a and
end portions 132a has a respective projection 134a at its geometric center. In some other
embodiments (not shown), only some, not all, of the intermediate segments 130a and end

portions 132a have the projections 134a.

[0178] As shown in FIG. 6A, the projection 134a can include a body portion 136a and a
flange portion 138a, and the flange portion 138a can have a larger radial cross-sectional
dimension (e.g., diameter) than the body portion 136a. In the depicted embodiment, the
flange portion 138a is located at the distal end of the body portion 136a. In other
embodiments, the flange portion 138a can be located at the middle portion of the body

portion 136a.

[0179] In some embodiments, the body portion 136a has a generally cylindrical shape. In
other embodiments, the body portion 136a can have a non-cylindrical shape. For example,
the cross-section of the body portion 136a can have the shape of an oval, a rectangle, a
square, or others. In another example, the cross-sectional area of the body portion 136a can
vary along the axial length of the projection 134a. In some embodiments, the cross-section of

the flange portion 138a can have a generally circular shape. In other embodiments, the cross-

-08 -



WO 2020/198273 PCT/US2020/024559

section of the flange portion 138a can have a non-circular shape, such as a rectangle, a

hexagon, or others.

[0180] As shown, the projection 134a has a passage 140a extending through the body portion
136a and the flange portion 138a. As described more fully below, the passage 140a can
define a channel through which a suture can pass through for securing the soft components of

the prosthetic valve (e.g., the leaflets and/or the inner skirt) to the frame.

[0181] Still referring to FIG. 6A, each linear segment 126a can be slightly laterally offset
from an adjacent linear segment 126a in a direction perpendicular to the overall length of the
strut 124a to provide the zig-zag pattern to the inner strut. The amount of offset of each
linear segment 126a relative to an adjacent linear segment 126a along the length of the inner
strut 124a can be constant such that an imaginary line 125a can pass through the geometric
center of each intermediate segment 130a along the entire length of the inner strut 124a. In
alternative embodiments, the amount of offset between two adjacent linear segments 126a
can vary along the length of the inner strut 124a. For example, the amount of offset between
linear segments 126a adjacent the outflow end of the frame can be greater than the amount of

offset between linear segments 126a adjacent the inflow end of the frame, or vice versa.

[0182] The linear segments 126a can include at least substantially flat or linear opposing
longitudinal edges 144a, 146a extending between curved or rounded edges 148a of the
intermediate segments 130a. In alternative embodiments, the opposing edges 148a of the
intermediate segments 130a can be substantially flat or linear edges that extend at an angle

between respective ends of the edges 144a, 146a of the liner segments 126a.

[0183] As shown in FIG. 6A, the width W1 of each liner segment 126a is defined as the
distance measured between the opposing edges 144a, 146a of a segment 126a. In the
illustrated embodiment, the width W1 is constant along the length of the inner strut 124a. As
such, each longitudinal edge 144a is laterally offset from an adjacent longitudinal edge 144a
of an adjacent linear segment 126a, and each longitudinal edge 146a is laterally offset from
an adjacent longitudinal edge 146a of an adjacent linear segment 126a. The width W2 of
each intermediate segment 132a and end portion 134a can be greater than the width W1 of

the linear segments 126a.
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[0184] In alternative embodiments, the width W1 of each linear segment 126a can vary along
the length of a strut. For example, the width W1 of a linear segment 126a adjacent the inflow
end of the frame can be greater than the width W1 of a linear segment 126a adjacent the
outflow end of the frame, or vice versa. Further, where the width W1 of the linear segments
126a vary along the length of an inner strut 124a, a linear segment 126a can have one
longitudinal edge 144a or 146a that is collinear with a longitudinal edge of an adjacent linear
segment on the same side of the inner strut, while the other longitudinal edge 144a, 146a is
laterally offset from the longitudinal edge of an adjacent linear segment on the same side of
the inner strut. In other words, the inner strut 124a can have an overall zig-zag or offset

pattern by virtue of the varying widths W1 of the linear segments.

[0185] Referring to FIG. 6B, the outer strut 124b can also have an offset, or zig-zag, pattern
defined by a plurality of offset linear portions or segments 126b. The linear segments 126b
in the illustrated embodiment are arranged end-to-end relative to each other with adjacent
ends interconnected to each other by intermediate segments 130b, and the outer strut 124b
can have enlarged end portions 132b that form the apices at the inflow and outflow end of the

frame.

[0186] The outer strut 124b can be configured to have generally the same shape and size as
the inner struts 124a except in the intermediate segments 130b and end portions 132b. As
shown in FIG. 6B, each of the intermediate segments 130b and end portions 132b has a
respective aperture 134b at its geometric center. In some other embodiments (not shown),
only some, not all, of the intermediate segments 130b and end portions 132b have the
apertures 134b. In the depicted embodiment, the aperture 134b has a generally circular
shape. In other embodiments, the aperture 134b can have non-circular shapes such as oval,

rectangle, square, or others.

[0187] Each of the projections 134a on the inner strut 124a can be configured to extend
through a corresponding aperture 134b in the outer strut 124b. For example, each of the
apertures 134b can be sized and shaped so that when an intermediate segment 130b (or end
portion 132b) of the outer strut 124b overlaps with an intermediate segment 130a (or end
portion 132a) of the inner strut 124a, the body portion 136a of the projection 134a at the

intermediate segment 130a (or end portion 132a) of the inner strut 124a can extend through
-30 -



WO 2020/198273 PCT/US2020/024559

the corresponding aperture 134b at the intermediate segment 130b (or end portion 132b) of
the outer strut 124b.

[0188] The cross-sectional dimension of the flange portion 138a of the projection 134a (e.g.,
diameter) can be larger than that of the corresponding aperture 134b so as to prevent the inner
strut 124a from disconnecting from the outer strut 124b after the projection 134a is inserted

through the aperture 134b.

[0189] The flange portion 138a can be formed in many different ways. For example, in one
embodiment, the projection 134a can be initially configured to have only a body portion 136a
made of a plastically deformable material. After inserting the body portion 136a through the
aperture 134b, the flange portion 138a can be created by deforming (e.g., by impacting or
pressing) the distal end portion of the body portion 136a. In another embodiment, the flange
portion 138a can be coupled to the body portion 136a (e.g., by gluing, thermal binding,
welding or other means) after the body portion 136a is inserted through the aperture 134b. In
yet another embodiment, the projection 134a can comprise an elastic or shape memory
material such that the flange portion 138a can be elastically deformed to have a reduced
cross-sectional dimension for inserting through the aperture 134b and then return to non-

deformed, original shape extending radially outwardly from the body portion 136a.

[0190] Still referring to FIG. 6B, each of the intermediate segments 130b and end portions
132b of the outer strut 124b can include a recess 136b surrounding the aperture 134b. In the
depicted embodiment, each recess 136b is configured to receive the flange portion 138a of a

corresponding projection 134a.

[0191] In the depicted embodiment, each recess 136b is configured as a counterbore with a
flat bottom surface surrounding the aperture 134b. In other embodiments, the recess 136b

can be configured as a countersink with a conical sidewall that extends to the aperture 134b.

[0192] As illustrated in FIG. 6C, a pivot joint 128 can be formed by overlapping the inner
strut 124a with the outer strut 124b and extending one projection 134a through a
corresponding aperture 134b. The axial length of the aperture 134b can be approximately the
same as the axial length of the body portion 136a. In addition, the size and shape of the

recess 136b can be approximately the same as those of the flange portion 138a. Thus, in the
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fully formed joint 128, the body portion 136a of the projection 134a is disposed in the
aperture 134b, the flange portion 138a can be snuggly received in the recess 136b and
desirably does not extend beyond the outer surface of the outer strut 124b. In the illustrated
embodiment, the outer surface of the flange portion 138a is co-planar with the outer surface

of the outer strut 124b.

[0193] Although FIGS. 6A-6C show the pivot joint 128 formed by the projection 134a on the
inner strut 124a extending through the aperture 134b on the outer strut 124b, it should be
understood that the pivot joint 128 can be formed in a reversed configuration. For example,
the pivot joint 128 can be formed by a projection located on the outer strut extending through

an aperture located on the inner strut.

[0194] FIG. 7 shows a side cross-sectional view of one pivot joint 128 of a prosthetic valve
that is formed by a pair of an overlapping inner strut 124a and outer strut 124b. FIG. 7 also
illustrates a method of attaching an inner skirt 72 and a plurality of leaflets 120 to the frame
112, according to one embodiment. Although only one leaflet is shown in FIG. 7, it should
be understood that the prosthetic valve can have a plurality of leaflets, such as three leaflets
arranged in a tricuspid configuration in the same manner as the leaflets 20 in FIG. 1. In this
embodiment, the outflow edge 78 of the inner skirt 72 can have an undulating shape that

corresponds to the curvature of the inflow edges of the leaflets 120.

[0195] As shown, the projection 134a on the inner strut 124a extends through the aperture
134b on the outer strut 124b, and the passage 140a in the projection 134a forms a channel
142 extending through the pivot joint 128. An inflow edge portion 121 of a leaflet 120 can
be attached to the inner skirt 72. The inner skirt 72 is configured to cover at least a portion of
the inner surface of the frame 112. The attachment of the leaflet 120 to the inner skirt 72 can

be achieved by a variety of means, such as stitching, gluing, etc.

[0196] For example, the inner skirt 72 can be attached to the frame 112 by a suture 180,
which can extend through the channel 142 in the pivot joint 128. In the depicted
embodiment, the suture 180 extends from the interior side of the frame 112, passes though

the leaflet 120 and the inner skirt 72, and then further extends through the channel 142. Thus,
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in this embodiment, unlike FIGS. 3-4, the scallop line formed by the inflow edges of the

leaflets are attached to a zig-zag row of strut segments extending around the frame.

[0197] In the depicted embodiment, the suture 180 extending through the channel 142 further
passes through an outer skirt 70 such that the inner skirt 72 and the outer skirt 70 are attached

to each other. The outer skirt 70 is configured to cover at least a portion of an outer surface

of the frame 112.

[0198] As shown, the suture 180 can be configured to form an inner knot 182 located inside
of the frame (e.g., located at an inner surface of the leaflet if the suture 180 extends through
the leaflet) and an outer knot 184 located at the outer surface of the outer skirt 70 so as to
tighten the inner skirt 72 and outer skirt 70 around the interior and exterior sides the pivot

joint 128.

[0199] As shown, at least a portion 76 of the outer skirt 70 can extend into the channel 142 so
that the suture 180 extending through the channel 142 is completely surrounded by the
portion 76 of the outer skirt 70. This can be achieved, for example, by tensioning or
tightening the suture 180 so as to pull at least the portion 76 of the outer skirt 70 into the
channel 142. In this manner, the portion 76 of the outer skirt 70 can protect the suture 180

from friction with the surrounding rivet area.

[0200] In some embodiments, the portion 76 of the outer skirt 70 is only partially pulled into
the channel 142 such that the suture 180 extending through the channel 142 is only partially
surrounded by the portion 76 of the outer skirt 70.

[0201] In some embodiments (not shown), the suture 180 can pass through the inner skirt 72
and extend through the channel 142 without passing through the leaflet 120 (similar to the

embodiment of FIGS. 3-4) (in which case the knot 182 can be located between the inner skirt
72 and the leaflet 120 and the leaflet 120 can be connected to the inner skirt 72 or to struts of

the frame using separate sutures or other connection means).

[0202] In some embodiments, the suture 180 extending through the channel 142 can be
wrapped around the adjacent inner strut 124a or outer strut 124b instead of being tied off or

knotted at a single pivot joint 128.
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[0203] For example, in some embodiments, the suture 180 can extend through the channel
142, the inner skirt 72, the outer skirt 70, and optionally a leaflet 120 at one pivot joint 128,
wrap around a strut 124a, 124b one or more times in a whip stitch configuration (similar to
the embodiment of FIGS. 3-4), and then extend through the channel 142 of an adjacent pivot
joint 128, the inner skirt, the outer skirt, and optionally a leaflet at the adjacent pivot joint
128. This pattern can be repeated as desired such that the suture 180 extends through
multiple pivot joints 128 and is wrapped around struts segments between adjacent pivot joints
128. One end of the suture 180 can be knotted inside of the frame (similar to knot 182) at
one pivot joint and the other end of the suture 180 can be knotted on the outside of the outer
skirt (similar to knot 184) at another pivot joint. In alternative embodiments, one or both

ends of the suture 180 can be tied off to a strut of the frame.

[0204] In certain embodiments, the suture used to form stitches 172 (FIGS. 3 and 4) that
secure the inflow edge portion of the inner skirt 72 can extend through the pivot joints 128
(as shown in FIG. 7) along the row of strut segments to which the inflow edge portion of the
inner skirt is attached. Similarly, the suture used to form stitches 170 that secure the outflow
edge portion of the inner skirt 72 can extend through the pivot joints 128 (as shown in FIG. 7)
along the row of strut segments to which the outflow edge portion of the inner skirt is
attached. As noted above, in the embodiment of FIGS. 3-4, the scallop line of the leaflets
120 is secured to the inner skirt 72 with separate suture(s). As such, the stitches 170, 172
need not extend through the leaflets 120 as depicted in FIG. 7. If the prosthetic valve
includes an outer skirt 70, the stitches 172 can also extend through the outer skirt (similar to
FIG. 7) so as to secure the inflow edge portion of the outer skirt to the frame 112. The
stitches 170 optionally can extend through the outer skirt so as to secure the outer skirt to the
same strut segments to which the outflow edge portion of the inner skirt is attached. The
outflow edge portion of the outer skirt 70 can be secured to a row of strut segments with one
or more sutures that form whip stitches that wrap around the strut segments and extend

through the outer skirt and the pivot joints.

[0205] In some embodiments, the outer skirt 70 can be relatively thinner or lighter than the
inner skirt 72 or the combined thickness of the inner skirt 72 and the leaflets 120. As such,

tensioning of the suture 180 can pull a portion of the outer skirt 70 into the channel 142
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without pulling any portion of the inner skirt 72 into the channel 142 or substantially

avoiding pulling any portion of the inner skirt 72 into the channel 142.

[0206] In other embodiments, tensioning of the suture 180 can pull both a portion of the outer
skirt 70 and a portion of the inner skirt 72 into the channel 142 such that the suture 180
extending through the channel 142 is surrounded by such portions of the outer skirt and the
inner skirt. As such, the suture 180 extending through the channel 142 can be protected from

friction with the surrounding rivet area.
[0207] As described below, a prosthetic valve can be assembled using an improved process.

[0208] For example, an annular frame can be constructed by connecting a plurality of inner
struts (e.g., 124a as shown in FIG. 6A) with a plurality of outer struts (e.g., 124b as shown in
FIG. 6B). As described above, the inner struts and the outer struts can overlap each other at a
plurality of pivot joints, and the inner struts can be configured to pivot relative to the outer

struts at the plurality of pivot joints during radial expansion or compression of the frame.

[0209] In certain embodiment, a valvular structure can be attached to an inner skirt. The
valvular structure can be configured to permit the flow of blood from an inflow end to an
outflow end of the valve and block the flow of blood from the outflow end to the inflow end
of the valve. In certain embodiments, the valvular structure can include a plurality of leaflets.
Each leaflet can have an inflow edge portion. The inflow edge portions of the leaflets can

define an undulating, curved scallop line (see, €.g., FIGS. 1 and 3-5).

[0210] As described above, the inner skirt (or the inner skirt and leaflets sub-assembly) can
be attached to the frame from an interior side of the frame by passing a suture through the

inner skirt and a channel extending through at least one of the pivot joints (see, e.g., FIG. 7).

[0211] As illustrated in FIGS. 6A-6C, the channel can be formed by overlapping an inner
strut with an outer strut. The inner (or outer) strut can include a projection and the outer (or

inner) strut can include an aperture, through which the projection can extend.

[0212] As described above, an outer skirt can be attached to the frame from an exterior side
of the frame by passing the suture through the outer skirt (see, e.g., FIG. 7). In certain

embodiments, the suture can be tensioned so as to pull at least a portion of the outer skirt into
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the channel such that the suture passing through the channel is surrounded by the portion of

the outer skirt (see, e.g., FIG. 7).

[0213] In certain embodiments, an outflow edge of the inner skirt can be attached to a first
row of strut segments that are located immediately adjacent to the scallop line toward an
outflow end of the valve (see e.g., FIGS. 3-4). As described above, the outflow edge of the
inner skirt can be attached to this first row of strut segments via stitches, which can form a
continuous stitching pass that is substantially parallel to the scallop line when the frame is in

a radially expanded configuration.

[0214] In certain embodiments, an inflow edge of the inner skirt can extend to and generally
align with the inflow end of the frame so that the inflow edge of the inner skirt and the lowest
row of strut segments that define the inflow end of the frame can form a plurality of

triangular areas (see e.g., FIGS. 3-4).

[0215] In other embodiments, the inflow edge of the inner skirt can run along a second row
of strut segments that are located immediately adjacent to the scallop line toward the inflow
end of the frame such that only cells through which the scallop line traverses are completely

covered by the inner skirt.

[0216] In certain embodiments, the inflow edge or a portion adjacent to the inflow edge of
the inner skirt can be attached to the second row of strut segments via stitches, which can
form a continuous stitching pass that is substantially parallel to the scallop line when the

frame is in a radially expanded configuration (see e.g., FIGS. 3-4).

[0217] FIGS. 8 A-8C show another embodiment of a prosthetic valve 200. In this
embodiment, the prosthetic valve 200 includes an annular frame 212, which includes a
plurality of inner struts 224 and a plurality of outer struts 226. The inner struts 224 can
overlap adjacent outer struts 226 at a plurality of pivot joints 228. Radial expansion or
compression of the frame 212 can cause the inner struts 224 to pivot relative to the outer

struts 226 at the pivot joints 228, as previously described.

[0218] The prosthetic valve 200 further includes one or more leaflet-supporting cords 202
attached to the frame 212. In some embodiments, the leaflet-supporting cords 202 can be
made of a thick suture, such as Ethibond or Dyneem 2-0. In some embodiments, the leaflet-
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supporting cords 202 can comprise other suture materials, such as a braided, multi-filament
suture. In other embodiments, the cords 202 can comprise flexible wires, cables, or strips of
fabric. For example, the cords 202 can comprise wires made of metal materials such as
stainless steel, cobalt chrome, Nitinol, and the like, or the combination thereof. In another
example, the cords 202 can include polymeric material such as polyethylene terephthalate
(PET), Dyneema, etc. In some embodiments, the cords 202 can be configured as sutures or
strings. In another embodiment, the cords 202 can be configured as a flat, folded or a woven
or braided sleeve. The cords 202 can have a thickness or diameter ranging between about
0.01 mm and about 2 mm. In some embodiments, the cords 202 can have a thickness or
diameter ranging between about 0.05 mm and about 1 mm. In one specific embodiment, the

cords 202 can have a thickness or diameter ranging between about 0.1 mm and about 0.7 mm.

[0219] Each leaflet-supporting cord 202 can include a plurality of anchoring portions 204 and
a plurality of suspended portions 206. Each suspended portion 206 can extend between two
adjacent anchoring portions 204. The anchoring portions 204 can be affixed to respective
anchoring features 240 of the frame 212 adjacent the pivot joints 228. Example embodiments

of anchoring features 240 are described in more details below.

[0220] The valvular structure of the prosthetic valve 200 can include a plurality of leaflets
220. As shown in FIG. 8D, each leaflet 220 can have a corresponding cusp edge portion 222.
The cusp edge portion 222 of each leaflet 220 can be connected to a respective suspended
portions 206 of an adjacent leaflet-supporting cord 202, for example, by sutures 223. For
example, a single suture can be used to form multiple stitches that extend around the
suspended portions 206 of the cord and through the leaflet material along the cusp edge
portion of the leaflet. In another example, a single suture can be used to form multiple in-
and-out stitches that extend through the suspended portion 206 of the cord and the leaflet
material along the cusp edge portion of the leaflet. In another example, multiple sutures can
be used to form discrete stitches that extend through or around the suspended portion 206 and
the leaflet material along the cusp edge portion of the leaflet. When a thick suture line is
used for the leaflet-supporting cord 202, the leaflet-supporting cord 202 itself can serve as a

structural component that bears the diastolic loads.
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[0221] Although not shown in the drawings, the prosthetic valve 200 can include an outer
skirt (e.g., outer skirt 70) mounted on the outside of the frame 212. The prosthetic valve 200
can also include an inner skirt mounted on the inside of the frame. If an inner skirt is used, it

need not be used for mounting the leaflets to the frame.

[0222] As shown in FIGS. 8A-8C, one segment 203a of a leaflet-supporting cord 202 can
extend diagonally along one of the inner struts 224. Another segment 203b of the leaflet-
supporting cord 202 can extend diagonally along one of the outer struts 226. The segments
203a and 203b can extend diagonally along respective inner and outer struts 224, 226

irrespective of the expansion or compression state of the frame 212.

[0223] In some embodiments, a single leaflet-supporting cord can be used to connect all of
the leaflets to the frame. For example, if the valvular structure have three leaflets 220, the

single leaflet-supporting cord 202 can form six interconnected continuous segments. Each
pair of two adjacent segments (e.g., 203a, 203b) can have a plurality of suspended portions

206 that are attached to a corresponding cusp edge portion (e.g., 222) of one of the leaflets.

[0224] Alternatively, a plurality of leaflet-supporting cords can be used to connect the
plurality of leaflets to the frame. For example, in one embodiment, three leaflets 220 can be
respectively connected to the suspended portions 206 of three leaflet-supporting cords 202,
wherein each leaflet-supporting cord 202 has two connected segments (e.g., 203a, 203b). In
another embodiment, three leaflets 220 can be respectively connected to the suspended
portions 206 of six leaflet-supporting cords 202, wherein each leaflet 220 is connected to a

pair of adjacent leaflet-supporting cords 202.

[0225] As noted above, each segment (e.g., 203a, 203b) of the leaflet-supporting cord 202
can extend diagonally along one of the inner struts 224 or outer struts 226. Thus, when
attached to the frame 212, the one or more leaflet-supporting cords 202 can form an
undulating, curved loop that extend along the cusp edge portions 222 of the leaflets. Because
the one or more leaflet-supporting cords 202 are attached to the frame 212 at discrete
anchoring portions 204, the suspended portions 206 can support the leaflets 220 between the

anchoring portions 204, in a manner similar to a hammock.
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[0226] FIGS. 9A-9C show some exemplary embodiments of a pivot joint 228 of the frame
212.

[0227] In FIG. 9A, an inner strut 224 and an outer strut 226 are pivotably coupled to each
other at a pivot joint 228a. In this example, the inner strut 224 has an enlarged intermediate
segment 230 which interconnects two linear strut segments 232, which are offset to each
other and located on opposite side of the intermediate strut segment 230. Likewise, the outer
strut 226 has an enlarged intermediate segment 234 which interconnects two linear strut
segments 236, which are offset to each other and located on opposite side of the intermediate
strut segment 234. The inner strut 224 and the outer strut 226 can be pivotably coupled to
each other by a pivot member 238 (e.g., a rivet or pin) extending through the geometric

center of the intermediate strut segments 230, 234.

[0228] In this example, the intermediate strut segment 230 of the inner strut 224 has an
opening 242, which is spaced apart from the pivot member 238 and located adjacent one of
the linear strut segments 232. In some embodiments, the opening 242 can be positioned so
that the outer strut 226 does not cover the opening 242 regardless of the angle between the
inner strut 224 and the outer strut 224 at the pivot joint 228a during the radial expansion or

compression of the frame.

[0229] FIG. 9B shows another embodiment of a pivot joint 228b formed by the inner strut
224 and the outer strut 224. In this example, the intermediate strut segment 230 of the inner
strut 224 has two openings 242a, 242b, which are spaced apart from the hinge 238 and
located at diametrically opposing locations of the pivot joint 228b. In some embodiments,
the openings 242a, 242b can be positioned so that the outer strut 226 does not cover any of
the openings 242a, 242b regardless of the angle between the inner strut 224 and the outer

strut 226 at the pivot joint 228b during the radial expansion or compression of the frame.

[0230] FIG. 9C shows yet another embodiment of a pivot joint 228c formed by the inner strut
224 and the outer strut 226. Similarly, the pivot joint 228c has two openings 242¢ and 242d,
which are spaced apart from the hinge 238 and located at diametrically opposing locations of
the pivot joint 228c. In this example, the inner strut 224 has a pair of junctional areas 231a,

231b between the intermediate strut segment 230 and the opposing linear strut segments 232.
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The openings 242c, 242d are located at the respective junctional areas 231a, 231b. In some
embodiments, the junctional areas 231a, 231b can be positioned so that the outer strut 226
does not cover any of the openings 242c, 242d regardless of the angle between the inner strut
224 and the outer strut 226 at the pivot joint 228c during the radial expansion or compression

of the frame.

[0231] Any of the openings (242, 242a-d) described above can constitute a part of the
anchoring feature 240 for supporting the leaflet-supporting cords 202 on the frame. For
example, FIG. 9D illustrates affixing an anchoring portion 204 of a leaflet-supporting cord
202 to the pivot joint 228a through the opening 242. FIG. 9E illustrates affixing the
anchoring portion 204 of the leaflet-supporting cord 202 to the pivot joint 228b through two
openings 242a-b.

[0232] As shown in FIG. 9D, the anchoring portion 204 of the leaflet-supporting cord 202
can extend through the opening 242 of the pivot joint 228a. Further, the anchoring portion
204 can form one or more loops of the cord extending through the opening 242. For
example, in the illustrated embodiment, the anchoring portion 204 extends through the
opening 242 and wraps around the intermediate strut segment 230 of the inner strut 224 twice
to form double loops around the pivot joint 228a. In alternative embodiments, the anchoring

portion 204 can be looped through the opening 242 more than two times.

[0233] In some embodiments, the one or more loops of the anchoring portion 204 can include
a self-locking knot 244 which can prevent the anchoring portion 204 from sliding relative to
the pivot joint 228a, thus reducing the risk of abrasion of the leaflet-supporting cord 202. For
example, after the anchoring portion 204 forms one or more loops around the pivot joint
228a, the suspended portion 206 of the leaflet-supporting cord 202 can be threaded through
the one or more loops to form the knot 244. Because the suspended portion 206 is attached to
one of the leaflets, the knot 244 can be self-tightened by a pulling force applied to the
suspended portion 206 during the diastolic phase when the leaflets are stretched by the

pressure gradient across the prosthetic valve.

[0234] As shown in FIG. 9E, the anchoring portion 204 of the leaflet-supporting cord 202

can extend through both openings 242a-b of the pivot joint 228b and can form one or more
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loops around the pivot joint 228b. For example, the anchoring portion 204 can extend
through both openings 242a-b and wrap around both the intermediate strut segment 230 of
the inner strut 224 and the intermediate strut segment 234 of the outer strut 226 twice to form
double loops around the pivot joint 228b. In alternative embodiments, the anchoring portion
204 can form more than two loops. Similarly, the one or more loops of the anchoring portion
204 can include a self-locking knot 244 which can prevent the anchoring portion 204 from
sliding relative to the pivot joint 228b. Although it is not shown, it should be understood that
the same technique for mounting the anchoring portion 204 can also be applied to the pivot

joint 228c (FIG. 9C).

[0235] FIG. 10A shows another embodiment of a pivot joint 228d formed by the inner strut
224 and the outer strut 224. In this example, the pivot joint 228d has two notches 246a, 246b
respectively located at the junctional areas between the intermediate strut segment 230 and
opposing linear strut segments 232. Specifically, the intermediate strut segment 230 has a
pair of bumps or protrusions 248a, 248b protruding from the intermediate strut segment 230.
The pair of bumps 248a, 248b desirably are located at diametrically opposing sides of the
intermediate strut segment 230. Each notch (246a or 246b) is formed between a

corresponding bump (248a or 248b) and its adjacent linear strut segment 232.

[0236] The notches 246a, 246b can also constitute a part of the anchoring feature 240 for
affixing the anchoring portion 204 of the leaflet-supporting cords 202 to the pivot joint 228d.
As shown in FIG. 10B, the anchoring portion 204 of the leaflet-supporting cord 202 can
extend through both notches 246a, 246b, and wrap around both the intermediate strut
segment 230 of the inner strut 224 and the intermediate strut segment 234 of the outer strut
226 to form one or more loops. Similarly, the one or more loops of the anchoring portion 204
can include a self-locking knot 244 which can prevent the anchoring portion 204 from sliding

relative to the pivot joint 228d.

[0237] It should be noted that the anchoring features depicted in FIGS. 9A-9E and 10A-10B
are merely illustrative and not limiting. For example, although the openings 242, 242a, 242b,
242¢ and 242d described above are located on the inner strut 224, it should be understood

that, in some embodiments, those openings can be located on the outer strut 226 such that the
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inner strut 224 does not cover any of the openings regardless of the angle between the inner

strut 224 and the outer strut 226 during the radial expansion or compression of the frame.

[0238] In other embodiments, when a pair of openings (e.g., 242a and 242b, or 242¢ and
242d) are used, one of the openings can be located on the inner strut 224 and the other
opening can be located on the outer strut 226. In some embodiments, those openings can be
so positioned that the outer strut 226 does not cover the opening on the inner strut 224 and the
inner strut 224 does not cover the opening on the outer strut 226 irrespective of the angle
between the inner strut 224 and the outer strut 226 during the radial expansion or

compression of the frame.

[0239] Yet in another embodiment, the anchoring features can include both an opening and a
notch. For example, the pivot joint 228a depicted in FIG. 9D can include not only the
opening 242, but also a notch 246 adjacent a bump or protrusion 248 (shown in dashes in
FIG. 9D) located at an adjacent junctional area between the intermediate strut segment 230
and the linear strut segment 232. Thus, the anchoring portion 204 of the leaflet-supporting
cord 202 can extend through both the opening 242 and the notch 246, and loop around the

intermediate strut segment 230 for a more secured affixation to the pivot joint 228a.

[0240] Although not shown, it should be understood that the anchoring features can include
any other means, such as clip(s), hook(s), buckle(s), fastener(s), glue, etc., for affixing the

anchoring portion of the leaflet-supporting cords to the pivot joint.

[0241] FIGS. 11A-11B depict two examples of attaching a leaflet-supporting cord 202 to an
inner strut 224. In FIG. 11A, the inner strut 224 overlaps with outer struts 226 at a plurality
of pivot joints 228d, each of which has two notches 246a-b. The anchoring portions 204 of
the leaflet-supporting cord 202 in the illustrated embodiment are affixed to pivot joints 228d
by looping through the respective notches 246a-b and forming self-tightening knots 244. In
FIG. 11B, the inner strut 224 overlaps with outer struts 226 at a plurality of pivot joints 228b,
each of which has two openings 242a-b. The anchoring portions 204 of the leaflet-supporting
cord 202 are affixed to pivot joints 228b by looping through the respective openings 242a-b
with self-tightening knots 244.
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[0242] In both examples, the suspended portion 206 of the leaflet-supporting cord 202 hangs
between adjacent anchoring portions 204. The path of the anchoring portions 204 at the pivot
joints (228d or 228b) and the direction of the suspended portion 206 can generally align with

the longitudinal axis of the inner strut 224.

[0243] The prosthetic valve 200 can be assembled in several steps. In an example
embodiment, an annular frame 212 can be formed by connecting a plurality of inner struts
224 with a plurality of outer struts 226 at a plurality of pivot joints 228. As noted above, the
plurality of inner struts 224 can be configured to pivot relative to the plurality of outer struts
226 at the plurality of pivot joints 228 during radial expansion or compression of the frame
212. One or more leaflet-support cords 202 can then be attached to the frame 212 such that
each cord 202 extends along one of inner struts 224 or outer struts 226 at spaced apart
locations. A plurality of leaflets 220 can be attached to the one or more leaflet-support cords

202, such as shown in FIG. 8D.

[0244] As noted above with reference to FIGS. 8A-8C, each of the one or more leaflet-
supporting cords 202 can include at least a first segment 203a and a second segment 203b.
Attaching the one or more leaflet-supporting cords 202 to the frame 212 can include
extending the first segment 203a diagonally along one of the inner or outer struts along a
diagonal line or path extending from the outflow end of the frame to the inflow end of the
frame and extending the second segment 203b diagonally along another one of the inner or
outer struts along a diagonal line or path extending from the inflow end of the frame to the

outflow end of the frame.

[0245] In some embodiments, the plurality of leaflets 220 can be attached to a single
continuous cord 202 that extends along the entire circumference of the frame through 360
degrees. In some embodiments, the plurality of leaflets 220 can be attached to a plurality of

respective separate leaflet-supporting cords 202.

[0246] In some embodiments, the one or more leaflet-supporting cords 202 can be attached to
the frame 212 by affixing anchoring portions 204 of the leaflet-supporting cords 202 to

respective anchoring features 240 of the frame 212 adjacent the pivot joints 228.

-43 -



WO 2020/198273 PCT/US2020/024559

[0247] In some embodiments, affixing the anchoring portions 204 to respective anchoring
features 240 of the frame 212 can include extending the one or more leaflet-supporting cords
202 through openings (e.g., 242, 242a-d) located in one or both of the inner and outer struts
224, 226.

[0248] In some embodiments, affixing the anchoring portions 204 to respective anchoring
features 240 of the frame 212 can include extending the one or more leaflet-supporting cords
202 through notches (e.g., 246a-b) located in one or both of the inner and outer struts, 224,
226.

[0249] In some embodiments, affixing the anchoring portions 204 to respective anchoring
features 240 of the frame 212 can include forming one or more loops at a respective pivot
joint 228 by extending the corresponding leaflet-support cord 202 through at least one
anchoring feature 240 and around a pair of inner and outer struts 224, 226 at the respective

pivot joint 228.

[0250] In some embodiments, affixing the anchoring portions 204 to respective anchoring
features 240 of the frame 212 can include forming a self-locking knot 244 at the one or more

loops.

[0251] FIG. 12 shows a flattened view of multiple sections 374 of an inner skirt 372 for a
frame, according to one embodiment. FIG. 13 shows a flattened view of a leaflet 320 being
attached to a respective section 374 of the inner skirt 372. For a prosthetic valve having a
plurality of leaflets 320, the inner skirt 372 can include a plurality of sections 374 (e.g., three
sections are shown in FIG. 12) such that each leaflet 320 can be attached to a corresponding
section 374. When the plurality of leaflets 320 are mounted to the interior of the frame, the
plurality of sections 374 of the leaflet 372 can form an annular shape and collectively form
the inner skirt 372, which covers at least a portion of an inner surface of the frame. In the
embodiment depicted in FIG. 12, the plurality of sections 374 of the inner skirt 372 are
shown as separate pieces of material (e.g., fabric, such as PET fabric) that are unconnected to
each other. In other embodiments, the plurality of sections 374 of the inner skirt 372 can

form a continuous, unitary piece of material (e.g., fabric, such as PET fabric).
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[0252] As shown in FIG. 12, each section 374 of the inner skirt 372 can include an
undulating, curved support portion 376 and a plurality of flaps 378 extending from the
support portion 376. The plurality of flaps 378 can be separated by a plurality of slits 380,
each of which separates two adjacent flaps 378. The support portion 376 can be a narrow
strip of fabric or natural tissue. The flaps 378 can also be made of fabric or natural tissue. In
other illustrated embodiment, at least each section 374 is formed from a unitary piece of
material. In other embodiments, the support portion 376 and flaps 378 of a section can be

separately formed and subsequently attached to each other, such as by sutures.

[0253] In the depicted embodiment, the support portion 376 has a concave first side 382,
from which the flaps 378 extend, and a convex second side 384 which is opposite the first
side 382. Each flap 378 is connect to the support portion 376 at its base 386, which is along
the first side 382, and each slit 380 can extend to the base 386 of the adjacent flaps 378. In
certain embodiments, the convex side 384 of the support portion 376 can generally track the

curvature of the cusp edge 324 of the leaflet 320.

[0254] The support portion 376 can be attached to the cusp edge portion 322 of a leaflet 320,
for example, by means of sutures 388. After attaching the support portion 376 to the cusp
edge portion 322, the flaps 378 initially can extend inwardly relative to the cusp edge 324 of
the leaflet 320 (i.e., the flaps 378 point toward the center of and substantially overlap with the
leaflet 320). The flaps 378 can then be folded backward along respective bases 386 such that
the folded flaps 378 extend outwardly relative to the cusp edge 324 of the leaflet 320 (i.e., the
flaps 378 point away from the center of the leaflet 320 and at least portions of the flaps 378
do not overlap with the leaflet 320), as depicted in FIG. 13. Thus, after mounting the leaflet
320 to the frame, the outwardly extending flaps 378 can generally extend toward the inflow

end of the frame.

[0255] In other embodiments (not shown), the flaps 378 can extend from the convex second
side 384 of the support portion 376. When the support portion 376 is sutured to the cusp
edge portion 322 of the leaflet 320, the flaps 378 are not folded and they extend outwardly
relative to the cusp edge 324 of the leaflet 320.
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[0256] FIG. 14 illustrates a method for attaching the inner skirt 372 to a frame 312, according
to one embodiment. In this example, the support portion 376 of the inner skirt 372 is
attached to the cusp edge portion 322 of the leaflet 320 via a suture 388. Optionally, a
reinforcement member 390, such as a strip of high-strength fabric or a suture (e.g., an
Ethibond suture), can also be attached to the cusp edge portion 322 of the leaflet 320 via the
suture 388 such that the cusp edge portion 322 is sandwiched between the support portion
376 and the reinforcement member 390. The suture 388 can form a plurality of in-and-out
stitches that extend along and through the cusp edge portion 322 and the support portion 376,

and optionally through or around the reinforcement member 390.

[0257] In the example of FIG. 14, the cusp edge portion 322 of the leaflet extends upwardly
toward the outflow end of the frame such that a concave region is formed along the outflow
surface of the leaflet between the cusp edge portion 322 and the main articulating portion of
the leaflet (sometimes referred to as the “belly” of the leaflet). In other examples, the cusp
edge portion 322 of the leaflet can turn downwardly and extend toward inflow end of the
frame but otherwise can be secured to the inner skirt 372 and optionally the reinforcement

member 390 in the same manner as described above.

[0258] As shown in FIG. 14, the flaps 378 can extend outside of the frame 312 through
adjacent open cells 336 of the frame 312. The flaps 378 extending outside of the frame 312
can extend toward the outflow end of the frame and can overlap adjacent pivot joints 328 of
the frame 312 above the scallop line (suture 388). The pivot joint 328 can be any type of the
pivot joints described herein. Further, the flaps 378 extending outside of the frame 312 can
be attached to an outer skirt 370, for example, via another suture 392. In some embodiments,
the suture 392 can tie the outer skirt 370, the flaps 378, and the pivot joint 328 together. In
alternative embodiment, the flaps can be folded toward the inflow end of the frame and

overlap adjacent pivot joints 328 below the scallop line (suture 388).

[0259] FIG. 15 illustrates a method for attaching the inner skirt 320 to the frame 312,
according to another embodiment. Similarly, the support portion 376 of the inner skirt 372
can be attached to the cusp edge portion 322 of the leaflet 320 (the dashed line 324 indicates
the cusp edge of the leaflet 320) as previously described. The flaps 378 can extend outside of

the frame 312 into adjacent open cells 336 of the frame 312. In this example, instead of
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overlapping the adjacent pivot joints 328 as shown in FIG. 14, the flaps 378 are positioned in
the middle of the frame cells 336, and directly connected to the outer skirt 370, e.g., by means
of sutures. In this example, the flaps 378 can reside between the inner circumference of the
frame (defined by the inner struts) and the outer circumference of the frame (defined by the
outer struts). However, in other examples, the outer skirt (which can have a relatively tight or
snug fit around the outer surface of the frame when the frame is radially expanded), can

support the flaps outside of the frame.

[0260] The embodiments illustrated in FIGS. 14-15 allow secure attachment of the leaflets
320 to the frame 312 in a structural load bearing connection. Traditionally, leaflet attachment
is achieved by attaching the leaflet to an inner skirt which is in turn attached to the frame. By
attaching the leaflets 320 to the inner skirt 372, which is directly connected to the outer skirt
370, several advantages can be achieved. For example, a load can be transferred from the
inner skirt 372 to the outer skirt 370 which is located outside of the frame 312. Such load
transfer may improve blood flow at the connection area between the leaflet and the frame,
thus reducing risk of thrombus formation. In addition, leaflet to bare frame contact during
cycling is less abrasive (and damaging) to a leaflet when compared to a leaflet’s contact with
a conventional inner skirt. In particular, by extending flaps 378 of the inner skirt 372 to the
exterior of the frame 312 (through frame cells 336) or at least into the frame cells 336 spaced
from an inner circumference of the frame, the portion of the inner skirt 372 remaining interior
of the frame (e.g., the support portion 376) is reduced and can improve valve durability.
Further, compared with a conventional skirt, the amount of material needed to form the skirt
is substantially reduced and the inner skirt need not be connected to individual struts of the
frame, thus decreasing the overall crimp profile of the prosthetic and reducing the number of

parts used for forming valve assembly and the associated assembly time.

[0261] In further alternative embodiments, the flaps 378 can extend through the cells 336 of
the frame and along the outer surface of the frame, where the flaps can be secured to a
circumferential row of strut segments, such as with sutures, and the outer skirt can be
optional. For example, the flaps 378 can extend all the way to the outflow end of the frame

and can be secured (e.g., with sutures) to the circumferential row of strut segments forming
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the outflow end of the frame. In such embodiments, the flaps can effectively form an outer

skirt that helps seal the prosthetic valve against the surrounding tissue.

[0262] In still further alternative embodiments, the cusp edge portions 322 of the leaflets can
be attached directly to the outer skirt 370 through the open cells 336 of the frame, without an
inner skirt 372.

[0263] In yet further alternative embodiments, the flaps 378 of the inner skirt 372 can be
attached to the anchoring portions 204 of the leaflet-supporting cords 202 described above,
e.g., via sutures. In other words, the suspended portions 206 of the leaflet-supporting cords
202 can not only support the leaflets 220 between the anchoring portions 204, but also
support the plurality of flaps of the inner skirt 372.

General Considerations

[0264] It should be understood that the disclosed embodiments can be adapted for delivering
and implanting prosthetic devices in any of the native annuluses of the heart (e.g., the aortic,
pulmonary, mitral, and tricuspid annuluses), and can be used with any of various delivery
devices for delivering the prosthetic valve using any of various delivery approaches (e.g.,

retrograde, antegrade, transseptal, transventricular, transatrial, etc.).

[0265] For purposes of this description, certain aspects, advantages, and novel features of
the embodiments of this disclosure are described herein. The disclosed methods, apparatus,
and systems should not be construed as being 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, apparatus, 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. The technologies from any
example can be combined with the technologies described in any one or more of the other
examples. In view of the many possible embodiments to which the principles of the
disclosed technology 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 disclosed technology.
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[0266] Although the operations of some of the disclosed embodiments 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 set forth herein. 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. Additionally, the description sometimes uses terms
like “provide” or “achieve” to describe the disclosed methods. These terms are high-level
abstractions of the actual operations that are performed. The actual operations that
correspond to these terms may vary depending on the particular implementation and are

readily discernible by one of ordinary skill in the art.

e, 9% Gk

[0267] 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. Additionally, the term
“includes” means “comprises.” Further, the terms “coupled” and “connected” generally
mean 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 absent specific contrary language.

[0268] Directions and other relative references (e.g., inner, outer, upper, lower, etc.) may be

used to facilitate discussion of the drawings and principles herein, but are not intended to be

EEINT3 EEINNTS

limiting. For example, certain terms may be used such as “inside,” “outside,”, “top,”

9 el

“down,” “interior,

EEINT3

exterior,” and the like. Such terms are used, where applicable, to
provide some clarity of description when dealing with relative relationships, particularly with
respect to the illustrated embodiments. Such terms are not, however, intended to imply
absolute relationships, positions, and/or orientations. For example, with respect to an object,
an “upper” part can become a “lower” part simply by turning the object over. Nevertheless, it
is still the same part and the object remains the same. As used herein, “and/or” means “and”

or "or", as well as “and” and “or”.

[0269] In view of the many possible embodiments to which the principles of the disclosed

invention may be applied, it should be recognized that the illustrated embodiments are only
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preferred examples of the invention and should not be taken as limiting the scope of the

invention. Rather, the scope of the invention is defined by the following claims.
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WE CLAIM:

1. A prosthetic valve assembly comprising:

a radially expandable and compressible annular frame comprising a plurality of inner
struts and a plurality of outer struts, wherein the inner struts overlap adjacent outer struts at a
plurality of pivot joints and radial expansion or compression of the annular frame causes the
inner struts to pivot relative to the outer struts at the pivot joints;

a valvular structure comprising a plurality of leaflets configured to permit the flow of
blood from an inflow end to an outflow end of the prosthetic valve assembly and block the
flow of blood from the outflow end to the inflow end of the prosthetic valve assembly, each
leaflet having a cusp edge portion; and

one or more leaflet-supporting cords, each comprising a plurality of anchoring
portions and a plurality of suspended portions, each suspended portion extending between
two adjacent anchoring portions, wherein the anchoring portions are affixed to respective
anchoring features of the frame adjacent the pivot joints;

wherein the cusp edge portions of the leaflets are connected to the suspended portions.

2. The assembly of claim 1, wherein each of the one or more leaflet-supporting
cords comprises at least a first segment that extends diagonally along one of the inner or outer
struts and at least a second segment that extends diagonally along another one of the inner or

outer struts.

3. The assembly of any previous claim, wherein the one or more leaflet-

supporting cords comprise a single continuous cord connected to each of the leaflets.
4. The assembly of any of claims 1-2, wherein the one or more leaflet-supporting

cords comprise a plurality of leaflet-supporting cords, each of which is connected to one of

the leaflets.
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5. The assembly of any previous claim, wherein the anchoring features comprise
openings in one or both of the inner and outer struts and the anchoring portions of the one or

more leaflet-supporting cords extend through the openings.

6. The assembly of any of claims 1-4, wherein the anchoring features comprise
notches in one or both of the inner and outer struts and the anchoring portions of the one or

more leaflet-supporting cords extend through the notches.

7. The assembly of any of claims 1-6, wherein each anchoring feature is located
on an intermediate strut segment, wherein the intermediate strut segment connects a first liner
strut segment with a second liner strut segment, wherein the first and second linear strut
segments are offset to each other and located on opposite side of the intermediate strut

segment.

8 The assembly of any previous claim, wherein each of the anchoring portions
of the one or more leaflet-supporting cords is affixed to a pair of first and second anchoring

features of the frame adjacent a respective pivot joint.

9. The assembly of claim 8, wherein the first and second anchoring features of

each pair are located at diametrically opposing locations of the respective pivot joint.

10. The assembly of any of claims 8-9, wherein the first and second anchoring
features of each pair are on the same strut, which is one of the inner struts or one of the outer

struts.
11. The assembly of any of claims 8-9, wherein one of the first and second

anchoring features of each pair is on one of the inner struts and the other of the first and

second anchoring features of each pair is on one of the outer struts.
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12. The assembly of any previous claim, wherein each of the anchoring portions
comprises one or more loops of the cord that extends through at least one anchoring feature

and around a pair of inner and outer struts at a respective pivot joint.

13. The assembly of claim 12, wherein the one or more loops of each anchoring

portion comprises a self-locking knot.

14. The assembly of any previous claim, further comprises an annular inner skirt
covering at least a portion of an inner surface of the frame, wherein the inner skirt is attached

to the leaflets.

15. The assembly of claim 14, wherein the inner skirt comprises an undulating,
curved support portion and a plurality of flaps extending from the support portion, wherein
the support portion is sutured to the cusp edge portions of the leaflets and the plurality of

flaps are separated by a plurality of slits.

16. The assembly of claim 15, wherein the plurality of flaps extend outside of the

frame through adjacent open cells of the frame.

17. The assembly of claim 16, wherein each flap extending outside of the frame

overlap with an adjacent pivot joint of the frame.

18. The assembly of any of claims 16-17, wherein the plurality of flaps extending

outside of the frame are attached to an outer skirt of the prosthetic valve.

19. A prosthetic valve assembly comprising:

a radially expandable and compressible annular frame comprising a plurality of inner
struts and a plurality of outer struts, wherein the inner struts overlap adjacent outer struts at a
plurality of pivot joints and radial expansion or compression of the annular frame causes the

inner struts to pivot relative to the outer struts at the pivot joints;
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a valvular structure comprising a plurality of leaflets configured to permit the flow of
blood from an inflow end to an outflow end of the prosthetic valve assembly and block the
flow of blood from the outflow end to the inflow end of the prosthetic valve assembly, each
leaflet having a cusp edge portion;

an inner skirt covering at least a portion of an inner surface of the frame; and

an outer skirt covering at least a portion of an outer surface of the frame;

wherein the inner skirt comprises a support portion and a plurality of flaps extending
from the support portion, wherein the plurality of flaps are separated by a plurality of slits
and the support portion is attached to the cusp edge portions of the leaflets; and

wherein the plurality of flaps extend through adjacent open cells of the frame and are

attached to the outer skirt.

20. The assembly of claim 19, wherein each flap overlaps an adjacent pivot joint

of the frame.

21. The assembly of any of claims 19-20, further comprises:

one or more leaflet-supporting cords, each comprising a plurality of anchoring
portions and a plurality of suspended portions, each suspended portion extending between
two adjacent anchoring portions, wherein the anchoring portions are affixed to respective
anchoring features of the frame adjacent the pivot joints;

wherein the cusp edge portions of the leaflets are connected to the suspended portions.

22. The assembly of claim 21, each of the one or more leaflet-supporting cords
comprises at least a first segment that extends diagonally along one of the inner or outer struts
and at least a second segment that extends diagonally along another one of the inner or outer

struts.

23. The assembly of any of claims 21-22, wherein the one or more leaflet-

supporting cords comprise a single continuous cord connected to each of the leaflets.
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24. The assembly of any of claims 21-23, wherein the one or more leaflet-
supporting cords comprise a plurality of leaflet-supporting cords, each of which is connected

to one of the leaflets.

25. The assembly of any of claims 21-24, wherein the anchoring features comprise
openings in one or both of the inner and outer struts and the anchoring portions of the one or

more leaflet-supporting cords extend through the openings.

26. The assembly of any of claims 21-24, wherein the anchoring features comprise
notches in one or both of the inner and outer struts and the anchoring portions of the one or

more leaflet-supporting cords extend through the notches.

27. The assembly of any of claims 21-26, wherein each anchoring feature is
located on an intermediate strut segment, wherein the intermediate strut segment connects a
first liner strut segment with a second liner strut segment, wherein the first and second linear
strut segments are offset to each other and located on opposite side of the intermediate strut

segment.

28. The assembly of any of claims 21-27, wherein each of the anchoring portions
of the one or more leaflet-supporting cords is affixed to a pair of first and second anchoring

features of the frame adjacent a respective pivot joint.

29. The assembly of claim 28, wherein the first and second anchoring features of

each pair are located at diametrically opposing locations of the respective pivot joint.
30. The assembly of any of claims 28-29, wherein the first and second anchoring

features of each pair are on the same strut, which is one of the inner struts or one of the outer

struts.
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31. The assembly of any of claims 28-29, wherein one of the first and second
anchoring features of each pair is on one of the inner struts and the other of the first and

second anchoring features of each pair is on one of the outer struts.

32. The assembly of any of claims 21-31, wherein each of the anchoring portions
comprises one or more loops of the cord that extends through at least one anchoring feature

and around a pair of inner and outer struts at a respective pivot joint.

33. The assembly of claim 32, wherein the one or more loops of each anchoring

portion comprises a self-locking knot.

34. A method of assembling a prosthetic valve, the method comprising:

forming an annular frame by connecting a plurality of inner struts with a plurality of
outer struts at a plurality of pivot joints, wherein the plurality of inner struts are configured to
pivot relative to the plurality of outer struts at the plurality of pivot joints during radial
expansion or compression of the frame;

attaching one or more leaflet-support cords to the frame such that each cord extends
along one of inner or outer struts at spaced apart locations; and

attaching a plurality of leaflets to the one or more leaflet-support cords.

35. The method of claim 34, wherein each of the one or more leaflet-supporting
cords comprises at least a first segment and a second segment, and wherein attaching the one
or more leaflet-supporting cords to the frame comprises extending the first segment
diagonally along one of the inner or outer struts and extending the second segment diagonally

along another one of the inner or outer struts.

36. The method of any of claims 34-35, wherein the one or more leaflet-
supporting cords comprise a single continuous cord, and wherein attaching the plurality of
leaflets to the one or more leaflet-support cords comprises attaching the plurality of leaflets to

the single continuous cord.
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37. The method of any of claims 34-35, wherein the one or more leaflet-
supporting cords comprise a plurality of leaflet-supporting cords, and wherein attaching the
plurality of leaflets to the one or more leaflet-support cords comprises connecting each of the

leaflet-supporting cords to a respective leaflet.

38. The method of any of claims 34-37, wherein each of the leaflet-supporting
cords comprises a plurality of anchoring portions and a plurality of suspended portions, each
suspended portion extending between two adjacent anchoring portions, and wherein attaching
the one or more leaflet-supporting cords to the frame comprises affixing the anchoring

portions to respective anchoring features of the frame adjacent the pivot joints.

39. The method of claim 38, wherein affixing the anchoring portions to respective
anchoring features of the frame comprises extending the one or more leaflet-supporting cords

through openings located in one or both of the inner and outer struts.

40. The method of claim 38, wherein affixing the anchoring portions to respective
anchoring features of the frame comprises extending the one or more leaflet-supporting cords

through notches located in one or both of the inner and outer struts.

41. The method of any of claims 38-40, wherein affixing the anchoring portions to
respective anchoring features of the frame comprises affixing each of the anchoring portion
to a pair of first and second anchoring features of the frame located at diametrically opposing

locations of a respective pivot joint.

42. The method of any of claims 38-41, wherein affixing the anchoring portions to
respective anchoring features of the frame comprises forming one or more loops at a
respective pivot joint by extending the corresponding leaflet-support cord through at least one

anchoring feature and around a pair of inner and outer struts at the respective pivot joint.
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43. The method of claim 42, wherein affixing the anchoring portions to respective
anchoring features of the frame comprises forming a self-locking knot at the one or more

loops.

44, The method of any of claims 34-43, further comprising attaching the plurality
of leaflets to an inner skirt of the prosthetic valve, wherein the inner skirt comprises a

plurality of flaps separated by a plurality of slits.

45. The method of claim 44, further comprising extending the plurality of flaps
through adjacent open cells of the frame and attaching the plurality of flaps to an outer skirt

of the prosthetic valve.

46. The method of any of claims 44-45, further comprises folding each flap along

a base of the flap so that the flap extends toward an inflow end of the prosthetic valve.

47. The method of any of claims 44-46, further comprises overlapping the

plurality of flaps to adjacent pivot joints of the frame.

48. A method of assembling a prosthetic valve, the method comprising:

forming an annular frame by connecting a plurality of inner struts with a plurality of
outer struts at a plurality of pivot joints, wherein the plurality of inner struts are configured to
pivot relative to the plurality of outer struts at the plurality of pivot joints during radial
expansion or compression of the frame;

attaching a plurality of leaflets to an inner skirt of the prosthetic valve, the leaflets
being configured to permit blood flow from an inflow end to an outflow end of the prosthetic
valve and block blood flow from the outflow end to the inflow end of the prosthetic valve,
wherein the inner skirt comprises a plurality of flaps separated by a plurality of slits;

extending the plurality of flaps through adjacent open cells of the frame; and

attaching the plurality of flaps to an outer skirt of the prosthetic valve.
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49. The method of claim 48, further comprises folding each flap along a base of
the flap so that the flap extends toward the inflow end of the prosthetic valve.

50. The method of any of claims 48-49, further comprises overlapping the

plurality of flaps to adjacent pivot joints of the frame.

51. The method of any of claims 48-50, further comprises attaching one or more
leaflet-support cords to the frame such that each cord extends along one of inner or outer
struts at spaced apart locations, and attaching the plurality of leaflets to the one or more

leaflet-support cords.

52. The method of claim 51, wherein each of the one or more leaflet-supporting
cords comprises at least a first segment and a second segment, and wherein attaching the one
or more leaflet-supporting cords to the frame comprises extending the first segment
diagonally along one of the inner or outer struts and extending the second segment diagonally

along another one of the inner or outer struts.

53. The method of any of claims 51-52, wherein the one or more leaflet-
supporting cords comprise a single continuous cord, and wherein attaching the plurality of
leaflets to the one or more leaflet-support cords comprises attaching the plurality of leaflets to

the single continuous cord.

54. The method of any of claims 51-52, wherein the one or more leaflet-
supporting cords comprise a plurality of leaflet-supporting cords, and wherein attaching the
plurality of leaflets to the one or more leaflet-support cords comprises connecting each of the

leaflet-supporting cords to a respective leaflet.

55. The method of any of claims 51-54, wherein each of the leaflet-supporting
cords comprises a plurality of anchoring portions and a plurality of suspended portions, each

suspended portion extending between two adjacent anchoring portions, and wherein attaching
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the one or more leaflet-supporting cords to the frame comprises affixing the anchoring

portions to respective anchoring features of the frame adjacent the pivot joints.

56. The method of claim 55, wherein affixing the anchoring portions to respective
anchoring features of the frame comprises extending the one or more leaflet-supporting cords

through openings located in one or both of the inner and outer struts.

57. The method of claim 55, wherein affixing the anchoring portions to respective
anchoring features of the frame comprises extending the one or more leaflet-supporting cords

through notches located in one or both of the inner and outer struts.

58. The method of any of claims 55-57, wherein affixing the anchoring portions to
respective anchoring features of the frame comprises affixing each of the anchoring portion
to a pair of first and second anchoring features of the frame located at diametrically opposing

locations of a respective pivot joint.

59. The method of any of claims 55-58, wherein affixing the anchoring portions to
respective anchoring features of the frame comprises forming one or more loops at a
respective pivot joint by extending the corresponding leaflet-support cord through at least one

anchoring feature and around a pair of inner and outer struts at the respective pivot joint.

60. The method of claim 59, wherein affixing the anchoring portions to respective
anchoring features of the frame comprises forming a self-locking knot at the one or more

loops.

61. A prosthetic valve assembly comprising:

a radially expandable and compressible annular frame comprising a plurality of
interconnected struts, the plurality of struts comprising a plurality of inner struts and a
plurality of outer struts, wherein the inner struts overlap adjacent outer struts at a plurality of

pivot joints and radial expansion or compression of the annular frame causes the inner struts
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to pivot relative to the outer struts at the pivot joints, and wherein a channel extends through
at least one of the pivot joints;

an annular inner skirt covering at least a portion of an inner surface of the frame;

a valvular structure attached to the inner skirt and positioned within the frame, the
valvular structure being configured to permit the flow of blood from an inflow end to an
outflow end of the valve and block the flow of blood from the outflow end to the inflow end
of the valve;

wherein the inner skirt is attached to the frame with a suture extending through the

channel.

62. The assembly of claim 61, further comprising an annular outer skirt covering
at least a portion of an outer surface of the frame, wherein the suture further extends through

the outer skirt so as to attach the outer skirt to the frame.

63. The assembly of claim 62, wherein at least a portion of the outer skirt extends
into the channel so that the suture extending through the channel is at least partially

surrounded by the portion of the outer skirt.

64. The assembly of any of claims 61-63, wherein the pivot joint comprising the
channel is formed by an inner strut overlapping with an outer strut, wherein the inner or outer
strut comprises a projection and the other outer or inner strut comprises an aperture, wherein

the projection extends through the aperture.

65. The assembly of claim 64, wherein the projection comprises a body portion

and a flange portion, wherein the flange portion has a larger diameter than the body portion.
66. The assembly of claim 65, wherein the second strut comprises a recess

surrounding the aperture, wherein the recess is configured to receive the flange portion of the

projection.
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67. The assembly of any of claims 64-66, wherein the inner strut comprises the

projection and the outer strut comprises the aperture.

68. The assembly of any of claims 64-66, wherein the outer strut comprises the

projection and the inner strut comprises the aperture.

69. The assembly of any of claims 61-68, wherein the valvular structure comprises
a plurality of leaflets, each leaflet having an inflow edge portion, wherein the inflow edge

portions of the leaflets define an undulating, curved scallop line.

70. The assembly of claim 69, wherein the inner skirt comprises an outflow edge
extending along a first row of strut segments that are located immediately adjacent to the

scallop line toward the outflow end of the valve.

71. The assembly of claim 70, wherein the outflow edge of the inner skirt is
attached to the first row of strut segments via a continuous stitching pass that substantially

tracks a curvature of the scallop line when the frame is in a radially expanded configuration.

72. The assembly of claim 69, wherein the inner skirt comprises an inflow edge
extending along a second row of strut segments that are located immediately adjacent to the

scallop line toward the inflow end of the valve.

73. The assembly of claim 72, wherein the inflow edge of the inner skirt is
attached to the second row of strut segments via a continuous stitching pass that substantially

tracks a curvature of the scallop line when the frame is in a radially expanded configuration.
74. A method of assembling a prosthetic valve, the method comprising:

providing a plurality of inner struts;

providing a plurality of outer struts;
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forming an annular frame by connecting the inner and outer struts at a plurality of
pivot joints, wherein the inner struts are configured to pivot relative to the outer struts at the
plurality of pivot joints during radial expansion or compression of the frame;

attaching a valvular structure to an inner skirt, the valvular structure being configured
to permit the flow of blood from an inflow end to an outflow end of the valve and block the
flow of blood from the outflow end to the inflow end of the valve; and

attaching the inner skirt to the frame from an interior side of the frame.

75. The method of claim 74, wherein the act of attaching the inner skirt to the
frame comprises passing a suture through the inner skirt and a channel extending through at

least one of the pivot joints.

76. The method of claim 75 further comprising attaching an outer skirt to the

frame from an exterior side of the frame by passing the suture through the outer skirt.

77. The method of claim 76 further comprising tensioning the suture so as to pull
at least a portion of the outer skirt into the channel such that the suture passing through the

channel is at least partially surrounded by the portion of the outer skirt.

78. The method of any of claims 75-77, wherein the channel is formed by
overlapping an inner strut with an outer strut, wherein the inner or outer strut comprises a
projection and the other outer or inner strut comprises an aperture, wherein the projection

extends through the aperture.

79. The method of any of claims 74-78, wherein the valvular structure comprises a
plurality of leaflets, each leaflet having an inflow edge portion, wherein the inflow edge

portions of the leaflets define an undulating, curved scallop line.

80. The method of claim 79 further comprising attaching an outflow edge of the
inner skirt to a first row of strut segments that are located immediately adjacent to the scallop

line toward an outflow end of the valve.
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81. The method of claim 80 further comprising attaching an inflow edge of the
inner skirt to a second row of strut segments that are located immediately adjacent to the

scallop line toward an inflow end of the valve.

82. A prosthetic valve assembly comprising:

a radially expandable and compressible annular frame comprising a plurality of
interconnected struts, the plurality of struts comprising a plurality of inner struts and a
plurality of outer struts, wherein the inner struts overlap adjacent outer struts at a plurality of
pivot joints and radial expansion or compression of the annular frame causes the inner struts
to pivot relative to the outer struts at the pivot joints;

an annular inner skirt covering at least a portion of an inner surface of the frame;

a valvular structure attached to the inner skirt and positioned within the frame, the
valvular structure being configured to permit the flow of blood from an inflow end to an
outflow end of the valve assembly and block the flow of blood from the outflow end to the
inflow end of the valve assembly;

wherein the valvular structure comprises a plurality of leaflets, each leaflet having an
inflow edge portion, wherein the inflow edge portions of the leaflets define an undulating,
curved scallop line;

wherein the inner skirt comprises an outflow edge extending along a first row of strut
segments that are located immediately adjacent to the scallop line toward the outflow end of
the valve assembly;

wherein the first row of strut segments defines a zig-zag shaped loop comprising a
plurality of first diagonal paths alternating with a plurality of second diagonal paths, and
wherein each of the first diagonal paths extends in a direction from the outflow end to the
inflow end, and each of the second diagonal paths extends in a direction from the inflow end

to the outflow end.

83. The prosthetic valve assembly of claim 82, wherein the inner skirt comprises
an inflow edge extending along a second row of strut segments that are located immediately

adjacent to the scallop line toward the inflow end.
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84. The prosthetic valve assembly of claim 83, wherein a portion of the scallop
line traversing through a plurality of full cells of the frame is bounded by the first and second
rows of strut segments, wherein each of the full cells has a quadrilateral shape formed by four

interconnecting strut segments.

85. The prosthetic valve assembly of claim 84, wherein the portion of the scallop
line traversing through the plurality of full cells intersects a plurality of crossing strut
segments which extend between the first and second rows of strut segments, wherein the

inner skirt is not attached to any of the crossing strut segments.

86. The prosthetic valve assembly of any of claims 82-85, wherein at least two
adjacent first and second diagonal paths intersect at a lower pivot joint which is adjacent to an
inflow-most location along the scallop line, wherein the inflow-most location is where the

scallop line is closest to the inflow end.

87. The prosthetic valve assembly of any of claims 82-86, wherein at least two
adjacent first and second diagonal paths intersect at an upper pivot joint which is adjacent to a
commissure, wherein the commissure is formed by a pair of adjacent leaflets and is

configured to be attached to the frame.

88. The prosthetic valve assembly of claim 87, wherein an axial distance between

the upper pivot joint and the commissure is zero.

89. The prosthetic valve assembly of any of claims 82-88, wherein the outflow

edge of the inner skirt is attached to the first row of strut segments.

90. The prosthetic valve assembly of any of claims 83-89, wherein the inflow

edge of the inner skirt is attached to the second row of strut segments.

91. A method of assembling a prosthetic valve, the method comprising:
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forming an annular frame by connecting a plurality of inner struts and a plurality of
outer struts at a plurality of pivot joints, wherein the inner struts are configured to pivot
relative to the outer struts at the plurality of pivot joints during radial expansion or
compression of the frame;

forming a sub-assembly by attaching a plurality of leaflets to an inner skirt; and

attaching the sub-assembly to the frame from an interior side of the frame.

92. The method of claim 91, wherein the act of attaching the inner skirt to the
frame comprises passing a suture through the inner skirt and a channel extending through at

least one of the pivot joints.

93. The method of claim 92 further comprising attaching an outer skirt to the

frame from an exterior side of the frame by passing the suture through the outer skirt.

94. The method of claim 93 further comprising tensioning the suture so as to pull
at least a portion of the outer skirt into the channel such that the suture passing through the

channel is at least partially surrounded by the portion of the outer skirt.

95. The method of any of claims 92-94, wherein the channel is formed by
overlapping an inner strut with an outer strut, wherein the inner or outer strut comprises a
projection and the other outer or inner strut comprises an aperture, wherein the projection

extends through the aperture.

96. The method of any of claims 91-95, wherein the valvular structure comprises a
plurality of leaflets, each leaflet having an inflow edge portion, wherein the inflow edge

portions of the leaflets define an undulating, curved scallop line.

97. The method of claim 96 further comprising attaching an outflow edge of the
inner skirt to a first row of strut segments that are located immediately adjacent to the scallop

line toward an outflow end of the valve.
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98. The method of claim 97 further comprising attaching an inflow edge of the
inner skirt to a second row of strut segments that are located immediately adjacent to the

scallop line toward an inflow end of the valve.
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