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LEAFLEY ABRAZSION MITIGATION

CROSS~REFERENCE TO RELATED APPLICATIONS

(0001} The present applilicaticon claims the benefit of the

filing date of 3.3. Provisional Pats Application
No. 61/9¢68,527 filed MMarch 21, 2014, the diaclosure of which
iz hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

(00021 The present invention relatez to heart valve
replacesment and, 4in particular, to collapsible prosthetic
heart wvalves. Mocre particularly, the present invention
relates tTo collapsible prosthetic heart valves having unigue
valve leaflet attachments.

00037 Prosthetic heart wvalves that are collapsible fo a

relatively small circumfersntial size can be deliversed into a

Fatient less invasively than valves that are not collapzikle.
FPor example, a c<ollapsible valve may be delivered into a
patient via a tube-like delivery apparatus such as a cathetar,
a trocar, a laparcscopic dnstrument, or the like. This
collapsibility can aveid the need for a more invasive
procedure such as full open-chest, open-heart surgery.

o004} Collapsible prosthetic heart valves typlcally taks
the form of a valve structure mounted on a stent. There are
twe common types of stents on which the valve structures ars
crdinarily mounted: & self-expanding stent and a
balloon—expandable stent. To place such valves into a
delivery apparatus and ultimately into & patient, the wvalvs
may first be collapsed Qr crimped to reduce its
clroumferential size and diameter.

0008} When a colliapsed prosthetic wvalve has reached the
desired dmplant site in the patlent {e.g., at r neay the
annulus of the patient's heart valve that is to be replaced by
the prosthetic valve}, the prosthetic valve can be deployed or

released from the delivery apparatus and re-sexpanded to full
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operating use ite, For ballcon-szpandable valves, this
gensrally involves releasing the entire valve, assuring its

propey  location, and then expanding a balloon positicned
within ths valve stent. For selif-sxpanding valves, on the
cther hand, the stent automatically expands as the sheath

covering the valve 1s withdrawn.

SRIEE SUMMARY OF THE INVENTIQU

[00G8] In  zome enbodimsnts, a prosthetic heart valve
includes a stent extending 1in a longitudinal dirvection and
having a2 pluraliity of commissure features,; a valve assembly
secured to the stent, the wvalve assembly including a cuff and
a plurality of lsaflets, each of the leaflets having a pair of
attachment regions and a f£ree edge sxtending betwesn the
attachment regilons:; and a deflection feature in an attachmsnt
raegion of a leaflet and configured and arranged to prevent the
free edge of the lesaflet from contacting at least cone of the

stant or the cuff.

{1

{00071 in some  embodiments, prosthetic heart valve
includes a stent having a collapsed condition and an expanded
condition, the stent having a plurality of commiszssure
features; a wvaive assembly secured to the stent, the wvalve
assembly including a cuff and a plurality of leaflets, each of
the leaflets having a pair of attachment regions and a3 free
adgs extending betwesn the attachment resgicns; and at least
one of a swatch of material, a leaflet tabk and a cuff flap
disposed adjacsnt the attachmsnt regleons and configured and
arranged to prevent the Ifree edge of one of the plurality of
imaflets from contaching at least one of the stent or the
cuff.

BRIEF DESCRIPTION OF THE DRAWINGS

FOG08T Variouz embodiments of the present invention are

described herein with reference Lo the drawings, whereln:
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[000%] FIG, 1A is a partial side wview of a prosthestic heart
valve showing a potential strain distribution profile in the
valve assembly;

[O010] FIG. 1B is an enlarged partial wview of the
prosthetic  heart wvalve of FIG. 1A showing the strain
distribution in the leafliet;

FO011 FIG. 2 is a side view of a leaflet éhowing regions

prone to abrasion:

FO0L23 FIG. 3A is a side view of an unfolded swatch of
material;
FO0L33 FIG., 3B iz a side view of the swatch of FIG. 3A

couplied to a ieaflst adiacent a regicon at which the ieaflest
attaches to the valve stent;

(00147 FI&G., 322 1 a top end view of a prosthetic heart

923

valve having leaflets coupled via swabtches;
{00157 FIGS. 4&~D are side views of wvariocus configurations
of swatches;

a leaflet showing an

=

{001g] FIG., 5A 1z a side vwview of

snlarged leaflet attachment region sultable for rolling;
{0017} FIG, 5B is a highly schematic detalled view of the
leaflet attachment ragion of FIG, 54 in a rolled
configuration;

fooig} FIGS. &A-D are highly schematic partial side views
of wvaricus configurations of leaflet attachment regions in
their unfolded and folded conditions;

(00318} FIG. 7 is a highly schematic partial developed view
of a prosthetic walve with a cuff having folding flaps
adiacent commissure features;

(0020}

views cof folded and roliled cuff flaps, respectively; and

88 arnd 8B are highly schematic partial side

(00217 FPIGSS. 9A~-E are various methods of subturing a swatch
Lo a leaflet.
[O0221 Various embodiments of the present invention will

now be described with reference to the appended drawings. It

4
o

-3
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will be appreciated that these drawings depict only some
embodiments of the inventicn and are therefore not o be
conaldered limiting of i1ts scops.

DETATLED DESCRIPTION

{0023} The present disclosure 1is directed o prostheatic
heart valves having deflective featurss coupleabls te at least
one of a cuff and & Ileaflet to reduce and/or prevent abrasion
of a lsaflet az well as porticns of the cuff and methods of
making same. Such deflective features may modify the movemsant
of the leaflets as will be explained in greater dstaill below.

¥ when used in connection

As used herein, the term “proximal,
with a preosthetic heart valve, refers toe the snd of the heart
valve clossst to the heart when the heart valve 1z implanted
in a patient, whereas the tesrm “distal,”™ when used in
connection with a preathetic heart valve, refers to the end of
the heart valve farthest from the heart when the heart valve

is implanted in a patient. Also, as used hersein, ths words

“substantially,” “generally” and “about” are intended Lo mean
that slight wvariations from absolute are included within the
scope of the structure or process recited.
[0024] Fig, 1A shows a typilcal collapaiblile prosthetic heart
valve 100. The prosthetic heart wvalve 100 1is designed to
replace the function of the native acrtic wvalve of a patient.
Bxamplezs of collapsikle prosthetic heart valves are described
in International Patent Application Publication
No. WO/200%/042198; United States Patent No. 7,018,406; and
United States Patent Ne. 7,329,278, the disclesures of all of
which are hereby incorporated herein by refersnce. Although
the invention is described herein as applied to a prosthetic
heart valve for replacing a native acrtic valve, the invention
is not so limited, and may be applied to prosthetic vaives for
replacing other types of cardiac valves,
[O0253 The prosthetic heart wvalve 100 includes a stent or

frame 102, which wmav be wholly or partly formed of any
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biccompatible matsrial, such as metals, synthetic polymers, or
biopolymers capable of functioning as a stent. Stent 10Z is
expandable and collapsible so that prosthetic heart wvalve 100
may be transitioned betwesen & collapssed condition and an
expanded condition. Suitable biopolymers inciuds, but are not
limited tfo, elastin, and wmixtures or composites thereof.
Suitable metals include, but are not limited to, cohalt,
titanium, nickel, chromivm, stainless steel, and alloys
thereof, including nitinol. Suitables synthetic polyvmers for
use 88 a stent incliude, but are not limited to,
thermoplastics, such as polyvelefins, polyesters, polvamides,

polysulfones, acrylics, poelyacrylonitriles,

5

polvetheretherkatons (P 1. and polvaramides. The stent 102
may have an annulus section 110, an aortic section  (not
shown}, and an intermediate ssction  {not shown) dispossac
between the annulus and aortic sections. Fach of the annulus
section 110, the intermediate section, and the aortic section
of the stent 102 includes a plurality of cells 112 connected
to one another arcund the stent. The annulus section 110, the
intermediate section, and the aortic ssction of the stent 102
may each idnclude one or more annular rvows of cellis 1172
connected to ocne another. For instance, the annulas
secticon 110 may have two annular rows of cells 112. When the
prosthetic heart waive 100 is in the expanded condition, each
cell 112z may be substantially diamond shaped. Regardless of
its shape, each cell 112 ds formed by a pluraiity of

For example, a c¢all 112 may be formed by four

struts 114.

(00267 The stent 102

include commiszure features or

commissure posts {(not shown) which may connect at least two
cells 112 in the longitudinel directicn o©f the stent 10Z. The
commissure features may includs eyelets h facilitate the

at
suturing of a valve assembly and/or lsaflets te the stent 102,
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FOG271 The pr hetic heart valve 100 also includes a valve
assempbly 104 attached inside the annulus sechicon 110 of ths
stent 102Z. United  States Patent Application Publication
Mo, 2008/0228264 and United States Patent Application
Publication No. 2008/0147179, the entire disclosures of both
of which are hereby incorporated herein by reference, describs
sultable wvalve assemblies. The wvalve assembly 104 may be
wholly or partly formed of any suitable biciogical material,
fabric or a polymer. Examples of biclegical materials
sultablie for the valve assembly 104 include, but arse not
limited teo, porcine or bovine pericardial tizsue. Examples of
oolymers suitable for the valve assembly 104 include, but are
noet limited tco, fakric or polymerxs such as, pelyurethane,
ultra-high molecular welght polyethylens, pelyvethylene
erephthalate and polvester.
[gozal The wvalve assembly 104 may dincinde a cuff 106
disposed on the luminal surface of annulus section 1id, on the
abluminal surface of the annulus section, or on both surfaces,
and the cuff may cover all or part of either or beth of the
luminal and abluminal surfaces of the annulus section.
FIG. 1A shows cuff 102 disposed on the luminal surface of
annulus section 110 so as to cover part of the annulus section
while leaving another part thersof uncovered. In addition to
the materials for forming wvalve assembly 104 noted above, the
cuff 106 and/or any of thes suturses describsed herein may

include ultva~high-molscular-weight polyethylene. The wvalve

o3

assemply 104 may further include a plurality of leaflets 10
which collectively functicn az a ons-way valve.
o2l The cuff 106 of the prosthetic heart wvalve 100 of

and/or

FIG. 1a tends to experience relatively high strair
stress at certain locations. In such heart valwves 100, the
pressure of the blcod that leafiets 108 keep from flowing into
the left ventricle may subject leaflets 108 to a load in the

direction indicated bky arvow L, szhown in FLG. 1B, Thiz load
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may cause high stress and/or strain on  the cuff and/or
leaflets, particularly where they are joined to one another.
Morgover, a typical lcad mayv cause the cuff and/or leaflets to
wear over time. To manage the incresssd stress and strain on
the cuff 1046, some conventional prosthetic heart wvalves have
made the cuff thicker. However, thicker cuffs generally lead
to a larger heart valve in the collapsed condition that is
morse difficult to deliver and implant.

{00307 FIG. 2 illiustrates one of several leaflets Z08 that
form & valve assembly. Leaflet 208 extsnds betwsen proximal
gnd 202 and distal end 204 and includes a belly 230 having a

fres edgs 210 stretching betweesn attachment regions 212, which

couple the leaflet to the commissure features oI a stent. A
substantially parabcelic belly contcour €14 1is formed hbetwsen
attachment regions 212 on the edge of leaflet 208 opposite
free edge 210, In some examples, twoe leaflets 208 may be
attached to each commissure featurs of a stent. When the
valve assembly is functioning properly, free edgss 210 cof
leaflets 208 separate from one ancother to permit blocd flow
through the valve in one direction and coapt with one another

to impede blood £low in the opposite direction. In addition

to the previously described strains, as 1saflets 208 of the
vaive asssmbly open and <¢lose, portions of the leaflet may
repeatadly deflect and contact other anatomical features, such
as caiciuwm noduies, or features <f the stent. Whern this

ocours, abraslon may occour at any pesition such as at belly

23C of the leaflet or at a corresponding region of the cuff
that 1s contacted by the leaflet. To prevenit such abrasion of
isaflet 208 as well as those arseas of the couff, several
deflection features described below may be incorporated intao
isafilet 208, These deflective features may add bulk and/or
stiffrness to l1sgaflet 208 to limit the deflection of the

leaflet.
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[O0313 FIG. 3A is a side view of swatch 300 for medifying

.

the mevement of lea

“lets. Swatch 300 may be formed of tilssue
such as bovine oy porging tissue, a fabric or a polymer such
as ultra-high-molecular~weight polvethylens, polyurethans,
poivethylene terephthalate, polyestear,

polytetrafluorcathylens, silicone;, urethane, nyion, and the

-

like and/or combinations thereof. In a first example, swaltch

(/u

360 dis a strip of material having a first wing 370 and a
second wing 372, the two wings heing symmetric with respect to
fold line £1. It will bhe understood, however, that the
vimetry described herein and in the feollowing embodiments is
exemplary and that other configurations are possible. For
example, in some variations, wings 370,372 may be asymmetric
or of differing shapes and that first wing 370 may be larger
than second wing 372 or vice warsa.

FO0321 FIG. 3B illustrates two of the swatches 300 of FIG.
3A applied to free edge 210 of flet 208 adiacent attachment

regions 212, Though FIG. 28 illustrates swatches 300 coupled

~

to a single leaflet 208, this is only done for clarity and it
will be understood that each swatch 200 may hold two leatflets
208 together at each commissure feature. Wings 378,372 may be
folded at line f1 over free edge 210 adjacent attachment
regions 212 with two leafiets 208 sandwiched therebetwesn.
Swatches 200 may be secured to twoe adjacent leaflets 208 using
sutures, adhesive, or any suitabls method to add stiffness
and/or bulk near attachment regioens 212. When coupled to
leaflets 208, swatches 300 may space leaflets 208 from the
inner surface of & stent. Thus, in the open position of
leaflets, the spacing provided by swatches 300 prevent frese
edges 210 or other portions of leaflet 208 from opening too
far to contact c¢alcium neodules and/or cother features of the
stent.

(0033} FIG. 3C is a top end view of a prosthetic heart

vaive 380 having stent 382 coupled to leaflets Z08. As seen
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from FIG. 3C, adjacent 1lesaflets 208 are coupled together via
swatches 300. Swatches 300 couple leaflets 208 together and
limit the rangs of motion of fres edges 210 so as to prevent

contact of free edges 210 with other structures, such as

calcium nodules in the native anatomy upon opening.
{00347 FIGES. 4A~D are side views of varicus other sxamplss
of swatches. FIG. 4A illustrates swatch 400a formed of a

singlie piecs of material having fivst wing 470a and second

wing 47%a. Swatch 400z is symmetric with respect to fold iine

£2, but wings 470a,472a have corners 474a that are nmore

smoothly curved than those of wings 370,372 of swatch 300,
4

s
Swatch 400k of FIG. 4B includes wings 470b,472b in the form of

oblong lebes tdoinaed to one another by a shori neck 474. The
overall shape of swatch 400b 1s svyvmmetric zsbout a3 fold line £3
through nsck 474,

{00387 Instead of being formed of a single piece of

material that is folded as shown in FIGE. 44 and 4B, the
watches may be formed of two separate pleces of material that
are attached separately to the leaflets. In FIG. 4C, swatch
4000 includes two separate wings 470c,472¢, each having a

generally rectangular shape with an angled end. In FIG. 45,

ped

swatch 400d includes two separate wings 470d¢,472d that are
sach  substantially a guadrant of a clrcle. It will ©be

understood that each wing may be formed in a wvarviety of

geomeltric shapes such  as circles, semicircles, ovals,
rectangles sgquares, triangles and the like, and that the
axamples shown herein are merely exemplary. Thus, certain

configurations of the wings may be better for manufacturing,
while cothers allow for a smaller profile.

{0038} Instead of having one or more ssparately formed
swatches attached to the leafliets to limit the rangs of motion
of the free =dges, the leaflets may be formed with integrated
deflection features. Without being bound to any particular

theory, the integrated deflecticn {features may limit the
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defiection of the leaflet free edge in several ways. For
example, the deflection features may provide increased bulk
and/or stiffness at certain regions {(e.g., adjacent commissure

features) so as to radially space the free edge of lesaflets

»]

away from the stent and/ or calcium nodules and reduce

=

deflection of the leaflet, thereby preventing abrasicn at
portions of the leaflet and/or cuff. Alternatively, the
integrated deflection features may shorten the length of the
free sdge that is capable of deflection, thereby limiting the
amount of deflection.

{00377 FIG. B3A 1s a side wview of leaflet 508, which

-~

eztends between prozimal end 502 and distal end 504 and
includes a belly 530 having a free edges 510 stretching betwsen
attachment regions 512, which couple the leaflet to the
commiszure featurss cof a stent. A substantially parabolic
belly contour 514 is formed betwsen attachment regions 512 on
the edge of leaflet 508 cpposite free edge 510. As shown in
P16, BA, attachment regions 5iZ are larger than attachment
regions 212 of leaflet 208. The enlarged rectangular
attachment reglons 512 may Dbe rolled lengthwise in  the
direction of arrow E to form rolled attachment region 550 in
the shape of a coil, as shown in FIG. GB. When rolled
attachment region 550 is coupled to a3 commissure feature
and/or cuff, each leaflet 508 becomes radially spaced from the
stent. In at least some examples, this spacing may be bstween
1T mm to about 10 mm. More specifically, such a spacing may be
between about 2 mm to aboub € mm. As a resuit, lesaflets 508
will open and close but will do so at a smallisr diameter such
that free edge 510 will not contact the stent when opened. As
a result, the rolled attachment regicons limit the deflection

of leaflet 508, thersby reducing abrasion.

(08387 Several vari of leafli

attachment regions ars

o

descrived with reference to FIGS. 6A-D,. In FIG. 6A, leafliet

x

608a has a free edge 6103, attachment region 5l%a and belly

...10...
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contour €léa. Instead of enlarging all of attachment region
61l2a as shown in FIGS. 5A and 5B, each attachment region 6HliZa
may include a square tab ¢20a along the outer lateral edge
thereof. Tabs 6Z20a mav be integrally formed with leaflet &l8a
or may be formed of separate pileces of tissue, fabric or
polymeric sheet that are subseguently attached to leaflet
608a. Tabs 620a and/or attachmant region $iZa wmay simply be

folded sideways as shown and attached to lesaflet 008a, a

Qi

commissure feature (not shown! or a cuff {(also not shown) to
limit the deflection of leaflet 603a
{80387 In FI&. 6B, leaflet G08b has a free edgse 610b,

attachment region ©l2k and belly contour 614b. Addjacent
attachment regions €12b are elongated tabs 620b. Elongated

tabs 620k may be integrally formed with leaflet 508k or may be
formed of separate pieces of tissue, fabric or polymeric shest

that are subsequently attached to leaflet €08h. Tabs 620k and

attachment regicn ©1Za may be folded sideways as wi tabs
520a, but the upper portion of =ach tab &620b may be folded
over The free edge of one or both leaflets at a commissure.

The folded tabs may then be attached to leaflet 608bh and each

other to limit the deflection of lsaflet 608b.

(00407 In a third variation, shown in FiG. 8C, leaflet 508c
Has a free edge ¢ilcg, attachment regions 612c and belily
contour 6l4c. Attachment regions 61Zc each have a diagonal

proximal edge €¢16c that merges with belly contour ¢id4c. Tabs
620c may be doined to attachment regions 612¢ and include a
diagonal edge 618c that may be a continuation of diagenal edge
8i6c. As shown, each tab $20c¢ is substantially L-shaped with
an additional segment 6Z2c¢. Attachment region 6iZc along with

as edgs 610c, then 620c is

tab 620C may be folded in toward

ka
folded over the Ifree edge §10c of one leaflet and down the

back side o©of the leafliet, so that  segment  028c  1s
substantially aligned behind attachment region ©1Zc. The

added structurxe ¢f tab 6Z0c and segment 622c¢ when folded may

o)
i

=)
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provide greater bulk near the commissure feature such that the
deflection of leaflet 608c iz limited and so that the entire
assembly 1is secursly held together and load 1is properly
transferred.

(00413 FIG. 8D shows a fourth wvariation in which leaflet
608d has a fres edge 6104, attachment regions 512d and belly
contour 6144, Fach of the attachment regions 612d has a
diagonal proximal edge 6i6d that merges with belly contour
&14d. Tab 6204 may be jolned to attachment regicnzs 61izd and
include a diagonal edge 618d that may ke a ceontinuation of
diagonal edge 616d. Fach tab €20c may be substantially S-
shaped with diageonal edge 6184 at one end of the S-shape and
an additional segment 622d at the other end of the S-shape.
Attachment region €12d along with tab 6200 may be folded in
toward free sdge 6108d, then then 8204 is folded over the free
edge 610c of both leaflets at a commissure and down the sids
cf the adijacent leaflet so that segment 6224 can be attached
to the cuff or tucked bshind the commissure. The added
thickness supplied by folded tab 6204 and segment 622d may
therefors limit the deflection of lisgaflet 4084 in a manner
similar to that of lsaflets 6
{0042} In addition to tabs and/or segments formed on the
leaflet, bulk and/or stiffness may be added adjacent the
attachment regilons of a leaflet by modifving the cuff. FIG, 7
illustratss one such exanmple in which material is added teo the
cuff teo liwmit the wmovement of a leaflet. Heart wvalve 70U
includes stent 782 and cuff 706, For the sake of clarity,
leaflets ars not shown. Stent 702 may include one or more
annular rows of cellis 712 connected to one another and a
plurality of spaced commissure features Tldsa,7l4b,71ld4c to

via

Q.

which attachment featurss of the leaflet may be secure

avalets 715,

0043} Cuff 706 may Iinclude a plurality of flaps adiacent

commissure featurss 714 for added bulk. A first sxample is L~
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~

shaped flap 7T20a, which  extends laterally from  Dbehind

5

commissure feature Tida. Onily & single L-shaped flap 720a is

shown, thouch it will Dbe understood that each commizsure
feature 714 may be flanked by twoe syvometric or dissimilar L-
shaped flaps. Adjacent seccond commissure feature Tidbh are
flaps 720b configured as ractangular segments projsecting
laterally away from the commissurs featurs, Diagonal flaps
720¢  and a triangular flap 7204 are disposed adiacent
commissure feature Tldcoc, It will be understood that any
combination of these flaps may be formed at any combination of
commissure features 714 or at all of the commissure features.

Additiconally, it wili be understcod that flaps 720 may be

integrally formed with cuff 706 or may be ssparately formed

and subsegquantly attached to cuff 784 using sutures, adhesive

or any other suitable coupling method.

00447 Two methods of using cuff flaps to redirect the
leaflet motion are shown in FIGS. BA and 8B, FIG., 8A shows
stent 802a supporting cuff 8oda. Stent 80Za includes
commissure feature 8ida to which leaflets {not shown} would be
attached tec form a valve assembly. Cuff #8062 includes two
flaps 820a extending laterally from behind commissure feabturs
8lia, =ach flap €20a being fclded in half tc form an innser
panel §3Za and ocuter pansel 834a. Leaflets may be attached to
commissure feature §l4a through folded flaps 8Z2Ca. Whan
leaflets are attached to commissure feature 8l4a, folded flaps

Lo

0]
0
47}
)
(8]
o
9

Z0a may provide additional bulk and/or stiffn
limit the deflection ©of the leafliets. FI4, 88 illustrates a
similar configuration including stent  8082Zb, cuff  806b,
commissurse feature 8ldbh and flaps 820b, Instead of being
folded as  shown dn  FIG. 84, flaps 8200 are rolled on
themselives to form  cushions #83Zb to pinch  the leaflets
togethey to redirvect the leaflet motion. Pinally, leaflets may
be attached to commissure feature B8lib through cushio

It wiil be understocod the above examples ars merely
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llustrative and that other wvariations are possible.

For

axample, £laps may be disposed over leaflets or in between

leaflets and subseguently szsutured fTogether. Additional
certain wvariation may not eguiring suturing through

leaflet. Morsover, £laps may be atitached before, during
after attachment of the leaflst attachment to a3 commi

feature.

the

b

s3ure

[O045] FIGS. B2~E are wvarious methods of subturing a swatch

of material to & leaflet. In FIG. %4, leaflet Y(8a

attachment reglon 912a wvia a pluraliity of horizontal sutures

51 spaced Ifrom ons ancther In the longitudinal dirsction

of

the swatch. In FiIG. 25, swatch 93530b is attached to leaflet

238bh at attachment region Y12k wvia a pilurality of vertical

sutures s¢ spaced Lrom one another in the width directior

of

the swatch. In FIG. 8C, swatch 9%50c¢ is attached to lsaflst

908c at attachment region 91Z2c¢ vwia a guadrilateral suturs

pattern s3. A triangular suture pattern s4 attaches swatch

950d to attachment region 9124 of leaflet 3024 in FIG.

Finally, as shown in ¥FIG. SE swatch 8$50e is attached

attachment region 9122 of leafieit Y0Be via a suture patiern

9.
o

o
52

that includes a plurality of subure lines that are spaced from

one ancther along fres edge 910 of leaflet 808=. Each of

the

suture lines in suture pabttern a5 may be substantially

orthogonal to fres adge 910, In these varlations, several

additional parameters may ke adjusted <to obtain the most

beneficial configuraticn. For ezample, sulures may be spaced

apart to avoid high stress concentrzations. Moresover, subtures

may alszso be spaced away Irom the free edge to reduce the z

00467 In oparaticen, any of the embodiments of

prosthetic heart valve described akove may be usad to rapl

a native heart valve, such as +the aocrt vaive.

prosthetic heart valve may be delilvered to the desired site

isk

the
a.Ce
The

in

a patient {e.qg., near a native acrtic annulus) in a collapsed
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condition using any sultable delivery devics, The delivery
device  may be introducsd into the patiant nsing a
transfemoral, transapical, transseptal, transradial,

transaortic, transsubclavian or other percutanesus approach.
Once the dellivery device has reached the target site, the user
may deploy the prosthetic heart valve. Upen deployment, the
prosthetic heart wvalve expands into secure engagement within
the native valve annulus. When the prosthetic heart wvalwve has
been properly positions inside the he=art, it works as =&
one-way vaive, allowing blood te flow in one dirsction and
preventing blood from flowing in  the opposite direction.

Swatchesz, leaflet tabks cr cuff flaps may restrict the movement

of a lsaflet to reducs contact betwesn the leaflet and other

sortionzs f{e.qg., stent and/or cuffy of the heart valve whan

=

¥

opening and closing, thereby reducing the risk of abrasion of

the leaflet.

{0047} Although the dinvention herein has besen dezascribed
reference to particular emboediments, it iz to  be

understocd that thesze embodiments are merely lllustrative of

the principles and applications of the preasent invention. For

example, & prosthetic heart wvaive way include Individual

swatches, cuff flap or any sultable combination

of the three. iz therefore to be understoond that numercus
modifications may be made te the illustrative embodiments and
that other arrangements may be devised without departing from
the spirit and scope of the present invention as defined by
the appended claims,
FO0487 In  some enbodiments a progthetisc heart valve
includes a stent extending in a longitudinal direction and
having a plurality of commissure features, a collaps
ondition and an expanded condition; a wvalve assenmbly secured
to  the stent, the walve assembly idincluding a cuff and s
pilurality of leaflets, each of the leaflets having a pair of

attachment egions and a free edge extending betwesn the

o
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attachment regions; and a deflection feature in an attachment
region of a leaflet and configured and arranged Lo prevent the
free edge of the leaflet from ceontacting at least one of the
stent cxr the cuff.

FO04%] In some examples, the deflection feature includes a

.fp

swatch of material coupled to the attachment rsglon, th
material being selectasd from a group ceonsisting of & fabric, a
tissuse and a polymer, and/or the swatch of material is folded
over the frese edges of two of the leafliets, and/or the swatch
of marterial includes a pair of lobes doinsed to one ansither by
a tailored neck, the tailored neck being folded over the free
edges of the two leaflets, and/or the leafist has an innex
surface and an outer surface and the swatch of material
includss two symmebtric wings, each wing being coupled to one
of the surfaces of the leaflet, and/or =sach wing has a
gquadrilateral shaps, and/cor the deflection feature includes an

eniarged rectangular attachment region rolled on itself about

3

an axis extending in the longitudinal direction o form
coll, and/or the deflaction feature includes a leafliet tab
connected to the attachment region of the leaflet, and/or the

leafiat tad has a rectangular shaps and 1s folded over the

3

attachment region along a fold line extending substantislly in
the longitudinal direction, and/or the leaflet tab has =&
rectangular shape, the leaflet tab being folded on itself
along a first fold line extending in a direction substantially
orthogonal to the longitudinal direction and being folded over

the attachment reglon along a second £old line extending

substantially in the longitudinal directicn, and/or the
leafiet tab has equally an L-zhape and iz folded over ths
attachmant region along fold lines extending substantially in
the longitudinal direction and in a direction substantially
ocrthogonal to the longitudinal direction, and/or the leaflet
tah has generally an 3-shape and is folded over the attachment

region along fold lines extending substantizlly  in  ths

.
- B
16
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longitudinal direction and din a direction substantially

undinal direction, and/ox the

arthogenal to the longit
deflection feature includes & flap ooupled to  the couff
adijacent to each 0f the commisasure features, and/or the flap
has generally an L-shape, a rectangular shape, or a triangularx
shape, and/or the flap is folded on itself, and/or the flap is
rolled on itself to form a cushion, and/or the flap iz coupled
to at least ons of the plurality of leaflets,

REeReTel In  some embodiments, a proesthetic hesart vwvalve
inciuvdes a stent having a collapsed condition and an expanded
condition, the stent having a plurality of commissure
features; a wvalve assembly sezcured to the stent, the valve
aszemnbly including a cuff and a3 plurality of leaflets, each of
the leaflets having a palr of attachment regions and a {ree
edge sxtending beiween the attachment regions: and aib least
cne of a swatch ¢f material, a leaflet tab and a cuff flap

3 =2

dizpesed adjacent the attachment regions and conf:

gured and

arranged to prevent tThe free edge o©of one ¢f the plurality of

il

-t one of the stent or the

)

leaflets from contacting at lea:s

{

cuff.

00581} It will be appreciated that the varicus dependsnt
claims and the features set forth thereln can ke combined in
different ways than presented in the initial claims. It will
alsc be appreciated that the featurses describad in connsction
with individual embodiments may be sharsed with others of ths

described embodiments.
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comprising:

4
)

CLATMS
heart wvalve,
direction and having

1. A presthetic
ezxtending in a longitudinal
stent, the valve

e2ach of

leafliets,

a stent
a plurality of commissure features;

a valve
plurality of
of attachment regions and a free edgs

(<N

including a 8
leaflets having a pailr
eztending bstwesn the attachment regilons; and
lection feature in an attachment regicn of a leaflet
d and arvangsed to prevent the free edge of the

one of the stent, the cuff

ured
least

config
at

from

caleium nodule.
heart vwvalwve

contacting
sccording to claim I,
swatch of material

The prosthetic
the materilal besing sslescted

ecticn fsature includes

wherein the dJdefl
attachment regilon,
rvic, a tissue and a polymer.
to claim 2,

coupled to the
from & group consisting of a fab
heart

according
edges

valvsa
the free

folded over

18

3. The prostheatic
swatch of material

isaflets.

wnerein the
o¢f two of the
4. The prosthetic heart wvalve according
wherein the swatch of material includes a3 pair of iobas joined
to one another by a tailcored nsack, the tailored neck being
folded ovaer the frese edges of the two leaflets.

valve according to <laim 2,
cuter surface

each

eart
surface and an

innser s
gymmatric wings,

prosthetic
inoludes two
- the leaflet.

The
has an

the leaflet
of material

5
wherein
and the swatch
wing being coupled to one of the surfaces of the
6. The prosthetic heart wvalve according to claim 5,
ws a guadrilateral shape.

wherein each wing has
_18_.
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7. The prosthetic heart wvalve according to cliaim 1,
wharein the defiection feature includes an enlarged

rectangular attachment vegicn rolled on itself about an axis

extending in the lengitudinal direction to form a coil.

a. The prosthetic heart wvalve according to claim I,

wherein the deflection featursa includes a leafiet tab

connacted to the attachment region of the leaflet,.

9. The prosthetic heart valve according to c<laim 8,
wherein the leaflet tabh has & parallelogram shape and is
folded over the attachment region along a fold line extending

substantialiy in the leongitudinal dirvection.

10, The prosthetic heart valve accerding toe claim 8,
wherein the lesflet tab has a parallelogram shape, the lesaflet
tab being folded on itself along a first fold line sxtending
in a direction substantially orthogonal to the longitudinal
dirvection and being folded over the attachment reglon along a

second fold line extending subkstantialliy in the longitudinal

1i. The rosthetic heart wvalve acoording to claim &,
wherein the leaflet fab has egually an L-shape and ls foldad
over the attachment region salong fold lines extending
substantially in the lengitudinal direction and in a dirsction
substantially orthogonal to the longitudinal dirvection and

then again in the longitudinal direction.

iZ2. The prosthetic eart wvalve according to claim &,
wherelin the leaflet tab has generally an S3-shape and is folded

over the attachment region aleong fold lines extending

substantially in the longitudinal directicn and in a direction

substantially ortheogonal to the leongitudinal direction and

then again in the longitudinal direction.
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13. The prosthetic heart wvalve according te <laim 1,
wherein the deflection feature inciudes a flap coupled to the

cuff adijacent toe each of the commissure features.

14. 7The prosthetic heart walve accorvding to claim 13,

wherelin the flap has generally an L-shape.

ciaim 13,

&

15, The prosthetic heart wvalve according €

wherein the flap has a parallelogram shape.

14. The prosthetic heart wvalve according to claim 13,

whereln the flap has a triangular shape.

17. The prosthetic heart valve according to claim 13,
wherein the flap is folded on itself.

18. The prosthetic heart wvalve according to claim 13,
wherein the flap is rolled on itself to form a cushion.

18. The prosthetic heart wvalve according to claim 13,
wherein the flap is coupled to at least one of the plurality

of isaflelts.
20. & prosthetic hsart valve, comprising:

& stent having a plurality of commissure features;

a valve assembly secured to the stent, the valve aszembly
including a cuff and a plurality of Ileafliets, each of the
leaflets having a palr of attachment regions and a free edge

extending betwsen the attachment ragions; and

at least one of a swatch of material, a leaflet tab and a
cuff flap disposed adjacent the attachment regions and
configured and arranged to prevent the free sdge of one of the
plurality of lsaflets from contacting at least cone of the

stent cor the cufi,.

-0~
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