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(57) Abstract: A prosthetic heart valve includes a col-
lapsible and expandable stent including a plurality of
struts forming cells, the stent having a proximal end, a
distal end, an annulus section adjacent the proximal end,
an aortic section adjacent the distal end, and a transition
section disposed between the annulus section and the
aortic section, the aortic section having a larger diamet-
er than the annulus section. The heart valve further in-
cludes a valve assembly disposed entirely in the annulus
section of the stent for controlling the flow of blood
through the stent, the valve assembly including a plural-
ity of leaflets, and a cuff, the cuff being disposed on a
surtace of the stent and extending fully over at least two
rows of cells of the stent.
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SELF~-EXPANDING HEART VALVES FOR
CORONARY PERFUSION AND SEALING

CROSS-REFERENCE TO RELATED AFPLICATIONS

{0001} The present applicatiocn claims the benefit of the
filing date of U.s. Provisicnal Patent Application
No. J001,228 filed May 21, 2014, the disclosure of which is

hereby incorporated hervein by reference.

BACKGROUND OF THE INVENTION

(00021 The present discleosure relates in general to heart
valve replacement and, in particular, o collapsible
prosthetic heart vwvalves. More particularly, the present

disclosure relates to devices and methods for positiocning

-

collapsible prosthetic heart valves and sealing same in the

¢4

patient’s anatomy to minimize or prevent paravalvular leakage
and increase coronary perfusion.

{8003} Prosthetic heart wvalves that arve collapsible to a
relatively small circumferential size can be delivered into a
patient less invasively than valves that are not collapsible.
For example, a collapsible valve may be delivered into a

ivery apparatus such as a catheter,

[

patient wia a tube-~like de
a trocar, a laparoscopic instrument, or the like. This
collapeibility can  avold the need for & more invasive
procedure such as full open-chest, copen-~heart surgery.

{00047 Collapsible prosthetic heart wvalves typically take
the form of a valve structure meounted on a stent. There are

two types of stents on which the wvalve structures are

ordinarily mounted: a self~expanding stent or a
balloon~expandable =stent. Te place such wvalves into a
delivery apparatus and ultimately into & patient, the valve
mast first be collapsed or crimped Lo reduce its

circumferential size.
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{00081 When & collapsaed prosthetic wvalve has reached the
desired implant site in the patient {e.g., at or near the
annulus of the patient's native heart wvalve that 1s to be

replaced by the prosthetic valve), the prosthetic valve can be

deployed or relesased from the delivery apparatus and
re-expanded to full operating size. For ballcon-expandable
valves, this generally involves releaszing the entire walve,

and then expanding a balloon positioned within the walve
stent. For self-expanding wvalves, on the other hand, the
stent automatically expands as the sheath covering the valve

is withdrawn.

SUMMARY OF THE INVENTION

(00083} In some embodiments, & prosthetic heart wvalve,
includes a collapsible and expandable stent including a

plurality of struts forming cells, the stent having a proximal
end, a distal end, an annulus section adjacent the proximal
end, an aocrtic section adjacent the distal end, and a
transition section disposed between the annulus ssection and
the aocrtic section, the aortic section having a larger
diameter than the annulus section. A valve assembly may be
disposed entirely in the annulus section of the stent for
controlling the flow of blood through the stent, the wvalve
assembly including a pluralitvy of leaflets, and a cuff, the
cuff being disposed on a surfasce of the stent and extending
fully over at least two rows of cells of the stent.

007} In some embodiments, a prosthetic heart wvalve may
include & c¢ollapsible and expandable stent incliluding a
plurality of struts forming cells, the stent having a proxzimal
end, a distal end, an annulus section adjacent the proximal
end, an acrtic section adjacent the distal send, a transition
section disposed betwsen the annulus ssction and the aortic

section, a plurality of commissure features and a plurality of

- -
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axial struts crientasd parallel to a longitudinal axis of ths
stent. A valve asszembly may be disposed entirely in the
annulus section of the stent for controlling the flow of blilogod
through the stent, the valve assembly inciuding a plurality of
leaflets and a cuff, the cuff bkeing disposed on a surface of
the stent and extending fully over at least two rows of cells

of the stent.
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BRIEF DESCRIPTION CF THE DRAWINGS
{00087 Various embodiments of the present disclosure are
described herein with reference to the drawings, wherein:

apsible

fmnt

[O009] FIG. 1 i3z a side elevational view of a col
prosthetic heart valve;

[O010] FIG. 2A 1is a highly schematic cross-sectional view
taken along line A-A of FIG. 1 and showing the prosthetic
heart valve disposed within a native valve annulus;

FO011} FIG. 2B is a side elevation view of a collapsible
prosthetic heart valve after implantation:

fO012] FIG. 34 is a side elevational view of a collapsible
prosthetic heart valve having axial struts;

[O0L3] FIG. 3B is a schematic projection of a portion cof
the heart valve of FIG, 34;

o014} FIG. 4A is a side elevational view of a collapsible
prosthetic heart valve having axial struts and auxiliary
struts; and

{0015} FIG., 4B 1s a schematic proijection of a portion of
the heart valve of FIG. 4A,.

o018} Various embodiments of the present invention will
now be described with reference to the appended drawings. It
is to be appreciated that these drawings depict only some

embodiments of the inventicn and are therefore not to bs

considered limiting of its scope.

DETATLED DESCRIPTION

{0017} The clinical success of a presthetic heart valve is
dependent on multiple factors inciuding accurate deployment
and effective sealing within the patient’'s anatomy.
Tnaccurate placement and/or anchering may result in  the
leakage of blood bstween the implanted heart valve and the
native valve annulus, commeonly rsferred to as paravalvular or

perivalvular lsakage. In aortic wvalves, this leakage enables

]



WO 2015/179468 PCT/US2015/031678

biocod flow from the aocorta back idinte the left wventricle,
reducing cardiac efficiency and putting a greater strain on
the heart muscle. Additionally, calcification of the aortic
valve may affect performance and the interaction between the
implanted walve and the calcifisd tissue is helieved to be
relevant o leakage.

[00ig] Moreover, anatomical variations between patients may
reguire rvemoval of a fully deployed heart wvalve from the
patient if it appears that the wvalve iz not functioning
properly. Removing a fully deployed heart valve increases the
length c¢f the procedure and increases the risk of infection
and/or damags to heart tissue. Thus, methods and devices are
desilrable that would reduce the nsed to remove a deployved
valva, Methods and devices are also desirabl that would
reduce the likelihood of paravalvular leakage around the
implanted heart valve.

(0013} Az wused herein, the term “prowimal,®™ when used in
connaction with a prosthetic heart valve, refers to the end of
the heart valve closest to the heart when the hsart valve is
implanted Iin a patient, whereas the term "distal,” when used
in connection with a prosthetic hsart valve, refers to the end

of the hesart wvalve farthest from the heart when the heart

valve 1s dimplanted in a patient. Also as used herein, the
terms Ygenerally,”™ Ysubstantially and Yabout” are intended

to mean that s deviations £from absolute are incliuded

within the scope of the term so moedified.

o~

00207 FIG. L shows a collapsible stent~supported
prosthetic heart wvalve 140 including & stent 102 and a valwvs
assembly 104 as known in the art. Prosthetic heart wvalve 100
is designed to replacs a native Tricuspid valve of a patient,
such as a native aortic wvalve. It should be noted that, while
the inventions hersin are described  predominately ir

connection with their use with a prosthetic acrtic valve and a

e
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stent having & shape as iliustrated in FIG. 1, the wvalve could

be a bicuspid wvalve, such as the mitral wvaive, and the stent

could have different shapes, such as a flared or conical

annulus section, a less-bulbous aortic sectiocn, and

and a differently shaped transition section.

[O0213 Prosthetic heart valve 100 will be described in more
>tail with reference to FIG. 1. »sthetic heart wvalve 100

includes an expandable stent 102 which may be formed from, for

example, a shaps memo

alloy known as "Nitinol®

particulay, from those mate

expansion.

.
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without the stent structure interfering with biocod flow to the

coronary arteries,

0022} Stent 102 may also include a plurality of commissurse

features 166 for attaching the commiszssure beiween two adiacent
lszaflets to stent 102, Az can be seen in FIG. 1, commissure
feaatures 16¢ may lie at the interssction of four cells 16%,
twoe of the cells being adjacent one another in the szame
annular row, and the other twoe cells being in different
annulazx rOWS and lving in gnd-to~end relationship.
Preferably, commissure features 166 are positioned entirely
within annulus section 140 or at the Juncture of annulus
section 140 and transition section 141. Commisszure features

166 may include one or more evelets which facilitate the
suturing of the leaflet commissure to stent 102,

(0023} Stent 102 may include one or more retalning elemsnts

168 at distal end 132 theresf, retaining elements 168
sized and shaped to cooperate with female retaining structurss
{not shown) provided on the deployment device. The engagement
of retaining elements 168 with the female retaining structures
on the deployment device helps maintain prosthetic heart wvalve
100 in assembled relatienship with the dsployment device,
minimizes longitudinal movemsnt of the prosthetic heart valve
relative to the deployment device during unsheathing or
resheathing procedures, and helps prevent rotation of the
prosthetic heart wvalve relative to the deployment dasvice as
the deployvment device i1s advanced to the target locaticn and
the heart valve deployed.

{00241 Valve assembly 104 is secured to stent 107,

ction 140 of stent 142. Valve

Ln

praeferably within annulus
assembly 104 includes cuff 176 and a plurality of leafiets 178
which coliectively functicn as a one-way valve by coapting
with one anothesr. As a prosthetic aocrtic valve, wvalve 100 has

three leaflets 178, as well as three commissure features 1866.
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However, it will be appreciated that other prosthetic heart
valves having a greater or lesser number of leaflets 178 and
commissure features 164 are possible.

fO025] Although cuff 1

& is shown in FIG. 1 as being
disposed on the luminal or inner surface of annulus section
140, it is contemplated that cuff 176 may be disposed on the

abluminal or outer surface of annulus section 140 or may cover

all or part of either or both of the luminal and abluminal
surfaces. Both cuff 176 and leaflets 178 may be wholly or

partly formed from any suitable biclogical material, such as
pvorcine or bovine pericardial tissue, or from a polymer such
as, for example, polvtetrafluvorosthylene, polyurethans, ultra-
high moleculaxy welght poelyethyvliens, rclyethylene
terephthalate, polivester or suitable combinations thereof.

[0026] Prosthetic heart valve 100 may be usaed to replace a

native aortic wvalve, a surglcal heart wvalve or a heart wvalve

that hasz undergone a surgical procedure. Prosthetic heart
valve 100 may be delivered to the desired site {(e.g.. near the

native acrtic annulus) using any sultabkle delivery device.
Buring delivery, prosthetic heart valilve 100 1s disposed inside
the delivery device in the collapsed condition. The delivery
device may be introduced into & patient using a transfemcral,
transapical, transssptal or any other percutanscus approach.
Cnce the delivery device has reached the target site, the user
may deploy prosthetic heart wvalve 104, Upon  deployment,

osthetic heart valve 100 expands so that annulus section 140
iz in secure engagement within the native sortic annulus.
When proesthetic heart valve 100 is properly pesitioned inside

the heart, it works as a cone-way wvalve, allowing blood te flow

from the left ventricle of the heart to the acrta, and

preventing blood from flowing in the opposite dirsction.

002773 FIG. 2A is &  highly schematic cross-sectional

illustration of prosthetic hsart wvalve 100 disposed within

-
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native wvalve annulus 250. As ssen in the figure, in zcme
cases, stent 102 may be implanted in a slightly tilted
position or disposed slightly away from the desired szite
within native wvalve annulus 250, Due to such imperfect
placement, at certain lcocations arocund the perimeter of heart

~ B

valve 100, gaps 200 may forxm betwesen the eart wvalve and

G
native valve annulus 250, Biood flowing through these gaps
and around leaflets 178 of wvalve assembly 3104 can cause

regurgitation and other inefficiencies which reduce cardiac
performances. Such improper fitment may also result from
suboptimal native valve annulus gecmetry due, for example, to
leification of native wvalve annulus 250 or to unresecisd
native lisaflets. as szhown in FIG. 2B, gaps 200 may alsc be
formed between cuff 1796 and aortic root 270, Coronary artery
is also shown schematically in order to appreciate the
general location of gaps 200 with respect to nearby anatomy.
FQO28] FIG. 3A illustrates one examplie of a collapsible
stent-supported prosthetic heart wvalve 300 capable of reducing
paravalvular leakage and maximizing coronary perfusion. Heart
valve 300 includes stent 302 and valve assenbly 304 disposed

within stent 302. Stent 302 generally extends Dbetwesn

proximal end 330 and distal end 332 and dincludes annulus
section 340 adiacent proximal end 330, aortic section 342
adjacent distal end 332, and transition section 341 bstwesn

annulus action 340 and aortic section 342, Stent 3202 may

inciude a plurality of struts 360 forming a plurality of ce
362, struts 360 being formed of any of the matervials described
apove with refersence to FIG, 1. Additionally, stent 302 may
inciude commnissure features 366 for attaching leaflets and/or

a cuff as will be describasd baelow.

1
3

(30283 Valve assembly 304 may be disposed almost entirel

ke

within annulus section 340 A8 shown and includes a

circunmferential cuff 376 and & plurality of leaflets 378

-G
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he materials described above for the ocuff

Q
h
I

formed of any
and leaflets of FIG, 1. Fach leaflet 378 may be attached to

cuff 376 and/or to seles

9]

ted struts 360 of stent 302, as well

as to commissurs features 366, while leaving a free edge for

coapting with free edges of cther leaflets 378 to form a one-
way valve.
0030} In order to improve paravalvular sealing upon

suboptimal wvalve placement, cuff 376 may bese extended upward
toward distal end 332. However, simply enlarging the cuff may
lead to a decrease 1in coronary perfusion by blocking the
coronary arteries. Thus, a balance between paravalvular
sealin and coronary perfusion is to be contemplated when
determining the size and/or shape of the cuff, Heart wvalve
300 addresses these concerns through a unigque stent and cuff
configuration, which will be described in greater detail with

reference to FIG. 3B.

{0031} In FIG. 3B, a schematic projecticon of a portion of
heart valve 300 shows annulus section 340, transition ssection

341 and a portion of aortic section 342 {in dashed lines) of

stent 302, commissure features 366 and cuff 374, For the sake

of clarity, leaflets and other rows of aortic section 342 are
not shown. In this example, stent 302 includes a plurality of

rows of cells dincluding a first annular row 380, a zecond
annular row 382, & transition row 384 and an aortic row 386.
It will be understood, howsver, that the number of rows of
cells in sach section may bs incrsased, decreassd as desired,
and that entire rows and/or secticns may Db entirely
eliminated. Second annular row 382 includes two typses of
cells, standard c¢ells 38Za and undersized «cells 382b.
Standard cells 38Za may be diamond-shaped and disposed below
sach of commissure features 366 in second annular row 382,
Undersized cells 38Zb, on the other hand, may each have an

area that 1s smaller than that of standard cells 382a and may

“'10“
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form the remaining cells in second annular row 382. In this
illustrative example, stent 302 includes three commissurs
features 365 and hence thres standard cells 382a. Stent 302

further inciudes two undersized cells 382k disposed betwsen

adjacent standard ce! 382a. Similarly, transiticn row 384
includes two types of cells, asymmetric cells 384a and
hexageonal cells 384b.

{00321 The above-configuration is made possible by

providing axial struts 3% 0 in transition row 384. In contrast
to ths diagonally extending struts of stent 30Z;, =sach axial
strut  3%0 i1s  oriented parallel to central axis 21 of
prosthetic heart valve 300 as shown in FIG, 32, Specifically,
axial struts 380 are provided between commissure features 366
and form a group of three cells between adjacent commissure
features 366, the group including a single hexageonal cell 384b
and a palr of mirror~image asymmetric cells 384a on eithex
side of hexagonal cell 384b. Fach axial strut 380 has a
length that is greater than that of an adiacent commissure

P

use each axial strut 390 extends

oy
('A

feature 366. Moreover, ca

toward sacond annuiar row 382, shortened struts 3%2 form the
upper struts of undersized cells 382b. Standard cells 38Za
remain unchangad in a diamond configuration as they are not

connacted to axial struts 390.

[O0333 Cuff 376 may extend over all of the cells in firat
annular row 380 and second annular rows 382, dncluding
standard cells 382a and undersized cells 38Zb. Sutures nmay

attach cuff 378 to stent 3072 aleng the bottom edges of row

380, the top edges of undersized cells 382b (i.e., along
shortened struts 39%8Z) and the top edges of standaxrd cells
382a. Opticnally, cuff 376 may also be attached to commissure
features 365 of stent 302. The addition of cuff 376 over

A N
H
A,

undersizaed cells 382b aids in reducing paravalvular leakage

due to lesss-than-perfect placement. Additionally, transition

¢
Y
}
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row 384 now includes a plurality of larger cells {i.e.,
2 ]

hexagonal cells 384k and asymmetric cells 384a) through which

bicod may flow. These larger cells allow bleocd to flow

unimpeded to  the coronary Thus, the risk of
paravalvular leakags 1s raduced while coronary perfusion is
maximired,

FO0347] FIG. 44 illustrates ancther variation of &
coliapsible stent-supported prosthetic heart valve 400 capable
cf  reducing paravalilvular leakage and maximizing coronary
perfusion. Heart wvalve 400 includes stent 402 and valvs
aszsemoly 404 disposed within stent 402. Stent 402 generally
extends between proximal end 430 and distal end 432 and
includes annulus ssction 440 adjacent proximal end 430, aortic
section 442 adjacent distal end 432, and transiticn section
441 between annulus ssction 440 and acrtic section 442. Stent
402 may inciude a plurality of struts 460 forming cells 462,
as well as commissure fesatures 466. Valve assembly 404 may be
disposed almost entively within annulus section 440 as shown
and includes a circumferential ocuff 476 and a plurality of
isaflets 478, Each leafliet 478 may be attached to cuff 476
and/cr to selected struts 440 of stent 402, and to commissure
features 466, while leaving a free adge for coapting with fres
edges of other leaflets 478 to form a cone-way valve.

(0035 FIG, 48 is presented in cordexr to appreciate the
differences between heart valve 300 and heart wvalve 400,
Heart wvalve 400 includes annulus section 440, transition
saction 441 and aortic section 442 of stent 407 {(in dashed
lines), commissure features 466 and cuff 476. For the sake of
clarity, leaflets and remaining rows of aocoritic sechtion 442 are
nnot shown. Stent 402 includes a plurality of rows of cells
including a first amnular row 480, a second annular row 482, a
transition row 484 and an acortic row 486, In contrast to

heart wvalve 200 in which second annular row 3872 has two types

-7
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of cells f{(=.g., standard cells 38Z2a and undersized calls

382k, second annular vow 482 of heart wvalwve 400 includes only
undersized cells 482b. That is, all of the c¢ells in second
annular row 482 are the sams size regardless of whether they

are located helow commissure features 4969%. Transition row 484

of heart wvalve 490 inciudes a plurality of hexagonal cells

o)

434a, 4840, Hexagonal cells 484:

i

are disposed adiacent
commissure features 4646 and are almost identical to hezagonal
cells 484b, except that one side of each hexagonal csll 4843

=

surae feature 4§6.

6]

incorpoerates a cowmmi
[O036] Specifically, heart valve 400 includss axial struts

480  in  transition  row 48B4, providaed Dbetwsen commissure

features 466. Axial struts may be coriented substantially
parallel with central axls 22 of heart valve 400. Each axial

strut 4%0 has & length that is than that of an

adiacent commissure feature 466. Thus, in order to creatse a

uniform second annular row 487 having unifcorm undersized cells
482b, auxiliary struts 494 are added directly below commissure
features 466 and couple commissure featurss 468 Lo a cell in
second annular row 482, Thus, each auxiliary strut 4%4 and
adjacent commissure feature 466 may form one side of a cell.
Iin cone exampie, the length of each axial strut 4%0C is egqual to
the sum of the lengths of one commisasure feature 4606 and one
auxiliary strut 494, Because each axial strut 4%2 or
comraissure feature-auxiliary strut combination extends toward
secoend annular row 482, shortened struts 492 form the upper
struts of undersized cells 48Zb.

{0837} Cuff 476 may exitend over all of the cells in first

annular row 480 and second annular row 482, Thus, the

addition of cuff 478 over undersized cells 482Zzb aids in

ur

reducing paravalvular leakage dus to itess~than-perfect
placement. additionally, transition row 484 now includes a

plurality of larger cells {e.g., hexagonal cells 484a,484b;
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through which blood wmay f£low  unimpeded to the coronary

el

arteries, As shown, cuff 47¢ aextends over the length of
auxiliary struts 494 to commissure features 466 and partially
extends over hexagonal ce2ll  4B4a, Thus, the risk of
paravalvular leakage 1is reduced while coronary perfuslion 1s
maximizead.

(00387 It will be appreciated that in one wvariatlion, Lthe
positions of commissure features 466 and auxiliary struts 424
may be switched. That is, commissure fealtures 466 may be
disposed proximal to auxiliary struts 434, In such examples,
the geometry of cells such as those in first annular row 480,
second annular row 482, transition row 484 and/or aortic row
486 may be adijusted to accomnodate this change in position as
well as the size and shape of cuff 476 and leaflets 478,

[Ga38] While the inventions herein have been described for
use in connechtion with heart wvalve stents having a particular
shape, the stent could have different shapes, such as a flared
or conlcal annulus section, & lsss-bulbous aorvtic szection, and
the like, and a differently shapsd transition section.
Additionally, theough the stent and cuff configurations have
been described for use in  connsction  with  expandable
transcatheter aortic wvalve replacement, they may alsc be used
in connection with surgical walves, sutureieszss wvalves and
other devices i which it is  desirable to minimize
paravalvulary leakage, while maintaining proper blood flow at
an outlet fe.g., aib coronarxy arteries). It will alsc bs

understood that while the preceding disclosure has 1llustrated

the uszse of a single cuff to cover twoe rows of cells,

N

multiple cuffs may be used. For srample, a first cuff may be

disposed about a filrst row cof cells and a second cuff formed
of the same cr a different material than the first cufif may be
disposed about a second row of cells. Additionally, a cuff

may be disposed on either the luminal surface of the stent,

-1 G~
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the abluminal surface of the stent or both. A cuff may alsc
inciude two layers {e.g., an inner laysr on the luminal
surface and an outer layer on the abluminal surface), the ftwoe
layer being formed of different or the same material. The
inner laver and the outer layer may also be formed of
different thicknesses. For example, the inner layer may be
formed thicker than the outer laver, or vice versa. Cuff
thickness may also be varied from the proximal end of the
heart valve to ths distal end of the heart wvalve o decreass
the crimp profile. When twoe layvers are used, the two lavers
may be identical in geometry of different. Moreover, it will
be understood that a cuff may extend bevond the proximal end

of ths =nt. Without being bound to any particular thsory,

it is belisved that combinations of these features may be used
toe  enhance paravalvular sealing, reduce crimp profile and
increass valve durakility.

-hough  the disclosure herein has been

-

[G040] Moreovaer, al

described with reference to particular sembodiments, 1t is to
be undersitood that these embodiments are mevely iliustrative
of the principles and applications of the present disclosure.
It is therefore to be understood that numerous modifications
may be made to the 1llustrative embodimsnts and that otherx
arrangemenits may be devised without departing from the spirit
and acope of the present disclosure as defined by the appended
claims.

(00417 In some embodiments, a prosthetic hsart wvalve,
includes a collapsible and expandable  stent including =2
plurality of struts forming cells, the stent having a proximal
end, & distal end, an annulus section adjacent the proximal
end, an aortic section adiacent the distal end, and a
transition section disposed between the annulus section and
the aortic section, the aortic section having a largerx

diameter than the annulus sscition. A wvalve assembly may hbe

~15-
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disposed entirely in the annulus secticn of the stent for
controlling the flow of blond through the stent, the valvs
assembly including a pluvaility of lesaflets, and a cuff, the
cuff being disposed on a surface of the stent and extending
fully over at least twoe rows of cells of the stent.

(00427 In some example, the cuff is disposed on a luminal
surface of the stent; and/or the cuff iz disposed abkout an
abluminal surface of the stent: and/or the at least twe rows
of cells are disposed in the annulus section the stent; and/or
the stent includes a plurality of commissure features and the
at least two rows of cells inciude & first row and a second

row, the second row having a plurality of primary cells and a

plurality of undersizsd cells, each of the primary cells being
disposed dirsctly below one of the commissure features of the
=nt; and/or the stent incliudes three of the commissure

=T

featurez; and/or the at least two rows of cells include a
first row adjacent the proximal snd of the stent and a second
row, the second row having a plurality of undersized cells
that are smaller than cells of the first row; and/or cells in
the transition sectiocn of the stent remain uncovered by the
cuff to allow blooed flow therethrough; and/or cells in the
transiticon sechtion are larger Tthan <ells in  the annulus
section; and/or the transition secticon includss cells having
an asymmetric shape having an odd number of struls.

(00437 In =scome enmbodiments, a prosthetic heart wvalve may
inciude a ccellapsible  and expandable stent  including a
pluraliity of struts forming cells, the stent having a proximal

end, a distal end, an annulus section adijacent the proximal

and, rtic section adiacent the distal end, a transition

93}

n

i
O

section disposed between the annulus section and the aortic
section, a plurality of commissure features and a plurvality of
azxial struts orvriented parallel to a longitudinal axis of the

stent, A valve assembly may ke disposed entirely in ths
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annulius section of the stent for contrelling the flow of biood

through the stent, the valve assembly including a plurality
leaflets and a couff, the cuff being disposed on a surface of
the stent and extending fully over at least two rows of cells
of the stent.

(00447 In some examples, the plurality of axial struts are
disposed in the transition section: and/cr the transition
section includes nmultiple groups of cells, each group bsing
disposed betwesn adjacent commissure features and including a
hezagonal cell and two asymmetric cells having an odd number
of struts; and/or the annulus section includes undersized

cells having a first group of struts with a first length and a

(a

segcond  group of struts with a length less than the firs
lengih and the plurality of axial struts are coupled to struts
in the second group: and/or each of the axial struts has a
length that is greater than a length of one of the plurality
of commissure featurses; and/or the transition secticon includes
mualtiple groups of cells, each group being dispossd between
adijacent commissure features and including three hexagonal
calls; and/or the heart valve further includes an auxiliaxy
strut disposed below each of the plurality of commissure
features; and/or the annulus section inciudes undersized cells
having a first group of struts with a filrst length and a
sacond  group of struts with a leangth less than the first
length, the struts in the second group being coupled to at
least one of the plurality of axial struts or to one ¢f the
auxiliary struts; and/cor the annulus ssction includes at least
one full row of the undersized cells, and the cuff extends
fully over the full row of undersized cells; and/or =ach of
the axial struts has a length that is egual to the sum of a
length of one of the plurality of commissure features and a

length of one of the auxiliary struts.

-1 7~
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[0045] It will be appreciated that the wvarious dependent

claims and the features set forth therein can be combined in

different ways than presented in the initial claims. Tt will

also be appreciated that the features described in connection

with individuoal embodiments may be shared with others of the

described embodiments.
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CLATMS

1. A prosthetic heart valve, comprising:

a collapsible and expandable sitent including a plurality
of struts forming cellis, the stent having a proximal end, a
distal end, an annulus section adiacent the proximal end, an
aortic section adjacent the distal end, and a transition
section disposed betwesen the annulus section and the acrtic
section, the aortic section having a larger diameter than the
annulus section; and

5.

a valve assembly disposed entirely in the annulus sectilion

§

£

of the stent for controlling the flow of bipod through the

stent, the valve assembly including a plurality of leaflets,

and a cuff, the cuff being disposed on a surface of the stent
and extending fully over at least two rows of cells of the

stent.

aN]
ot
oy
i

The prosthetic heart valve of claim 1, wherein

cuff is disposed on a luminal surface of the sten

927

3. The prosthetic heart valve of claim 1, wherein the

cuff ia diszposed about an sbluminal surface of the stent.

4, The proathetic heart wvalve of claim 1, wherein the
at least two rows of cells are disposad in the amnulus section

the stent.

5. The prosthetic heart valvse of claim 1, wherein the

stent includss a plurality of commiliassure features and the at

isast two rows of tis dnclude a first row and a sscond row,
the second row having a plurality of primary cells and a

plurality of undersized cells, each of the primary cells being



WO 2015/179468 PCT/US2015/031678

disposed directly below one of the commissure features of the

stent.

&. The prosthetic heart valve of claim 5, wherein the
stent inciudes thres of the commissure featursas.
7. The prosthetic heart valve of claim 1, wherein the

at least two rows of cells include a first row adjacent the
prozimal end of the stent and a second row, the second row
having a plurality of undersized cells that are smaller than
cells of the first row.

T a

i85

l..J

g. The prosthetic heart valve of claim 1, wherein ce
in the transition section of the stent remain uncovered by the

cuff to allow bleood filow therethrough.

3. The prosthetic heart valve of claim 1, wherein cells

in the transition section are larger than cells in the annulus

i¢. "The prosthetic heart valve ¢f claim 1, wherein the
transition section inciudes cells having an asymmetbric shaps

having an odd number of struts.

11. A prosthetic heart valve, comprising:

a colilapsible and expandable stent including a plurality
of struts forming cells, the stent having a proximal =nd, =a
distal end, an annulus section adjacent the proximal end, an
aortic section adiacent the distal end, a transition section

disposed between the annulus section and the aortic sectior

-}
A

pluraiity of commissure features and a plurality of axial

struts oriented parallel te a longitudinal axzis of the stent;
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a valve assembly disposed entirely in the annulus ssction
of the stent for contrelling the flow of blood through the
stent, the wvalve assembly including a plurality of leaflets
and a cuff, the cuff being disposed on a surface of the stent
and extending fully over at least twoe rows of celis of the

stant.

12. The prosthetic heart valve of claim 11, wherein the
plurality of axial struts are disposed in the transition
secticn.

132, The prosthetic heart valve of claim 11, wherein the
transitlion section includes muitiples groups of cells, =ach
group bsing disposed beitwesn adijacent commissure features and
inciunding a hexagonal cell and two asyvmmetric gells having an

odd number of struts.

14. The prosthetic heart valve of claim 11, wherein the
annulus section includes undersized cells having a firvst group
of struts with a filrst length and a second group of struts
with a length less than the firvst length and the plurality of

axial struts are coupled to struts in the second group,

15, The presthetic heart valve of clalm 11, wherein =ach
of the axial struts has a length that is greater than a length

of one of the plurality of commissure featurass.

16. The gproesthetic hesart valve of claim 11, wherein the
transition ssction includes multiple groups of cells, =ach
group being disposed betwesn adjacent commissure featurss and

inciuding three hexagonal cells.
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17. The prosthetic heart wvalve of claim 11, further
comprising an auxiliary strut disposed below each of the

plurality of commissure features.

18. The presthetic heart valve of claim 17, wherein the
annulug section includes undsersirzed cells having a first group
of struts with a first length and a second group of struts
with a length less than the first length, the struts in the

£

second group being coupled to at least one of the plurality of

axial struts or to one of the auxiiiary struts.

19, The prosthetic heart wvalve of claim 18, wherein the

anntlius secticn includes at  legast one full row of the

undersized cells, and the cuff extends fully over the full row

~

20. The prosthetic heart valve of claim 17, wherein each
of the azxial struts haz a lengith that is egual to the sum of a
length of one of the plurality of commissure features and a

length ¢f one of the auxiliary struts.

-3} -
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