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(54) Title: LEAFLET ABRASION MITIGATION IN PROSTHETIC HEART VALVES

(57) Abstract: A prosthetic heart valve (600) includes a
stent (602) extending in a longitudinal direction, the
stentbeing formed of a plurality of struts (603) forming
cells (612) and having a plurality of commissure features,
a collapsed condition and an expanded condition. A valve
assembly may be secured to the stent, the valve assembly
including a cuff (606) and a plurality of leaflets. The cuff
(may be formed of a fabric and a second material (650)
different from the fabric, the cuff having commissure
peaks and a plurality of midpeaks disposed between the
commissure peaks. Each of the leaflets may have a free
edge. The prosthetic heart valve may also comprise buffer
strips wrapped around stuts of the stent. The portion of
the cuff may also be disposed on the abluminal surface of
the stent.
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LEAFLET ABRASION MITIGATION
IN PROSTHETIC HEART VALVES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of the

filing date of U.S. Provisional Patent Application

No, 61/979,072 filed April 14, 20 4, the disclosure of which

is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to heart. valve

replacement and,, in particular, to collapsible prosthetic

heart valves. More particularly, the present invention

relates to collapsible prosthetic heart valves having leaflet

abrasion mitigation features.

[0003] Prosthetic heart valves that are collapsible to a

relatively small circumferential size can be delivered into a

patient less invasively than valves tha t are not collapsible,

For example a collapsible valve may be delivered into a

patient via a tube-like delivery apparatus such as a catheter,

a trocar, a laparoscopic instrument, or the ike . This

collapsibility can avoid the need for a more invasive

procedure such as full open-chest, open-heart surgery.

[0004] Collapsible prosthetic heart valves typically take

the form of a valve structure mounted on a stent. There are

two common types of stents on which the valve structures are

ordinarily mounted; a self-expanding stent and a

balloon-expandable stent. To place such valves into a

delivery apparatus and ultimately into a patient, the valve

may first be collapsed or crimped to reduce its

c cum erent a size and diameter.

[0005] When a collapsed prosthetic valve has reached the

desired implant site in the patient (e.g., at or near the

annu.lus 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-expanded to ful

operating use size. For balloon-expandable valves, this

generally involves releasing the entire valve, assuring its

proper location, and then expanding a balloon positioned

within the valve stent. For se f-expanding valves, on the

other hand, the stent automat ca y expands as the sheath

covering the valve is withdrawn .

BRIEF SUMMARY OF THE INVENTION

[0006] In so e embodiments, a prosthetic heart. valve

includes a stent extending in a longitudinal direction, the

stent being formed of a plurality of struts and having a

plurality of commissure features, a collapsed condition and an

expanded condition. A valve assembly may be secured to the

stent, the valve assembly including a cuff and a plurality of

leaflets, each of the leaflets having a free edge and being

capable of alternating between an open position and a closed

position . At least one buffer strip may be coupled to at

least one of the plurality of struts and configured and

arranged to minimize abrasion of the f e edge of the leaflet

in the open position .

[0007] In some embodiments , a prosthetic heart valve

includes a s ent extending in a longitudinal direction, the

stent being formed of a plurality of struts forming cells and

having a plurality of commissure features, a collapsed

condition and an expanded condition. A valve assembly may be

secured to the stent, the valve assembly including a fabric

cuff and a plurality of leaflets, at least a portion of the

cuff being disposed on an abiuminal surface of the stent, each

of the leaflets having a free edge and being arranged to open

such that the free edge is adjacent the portion of the cuff

disposed on the abiuminal surface of the stent.



[0008] In some embodiments, a prosthetic heart valve, may

include a stent extending in a longitudinal direction, the

stent being formed of a plurality of struts forming cells and

having a plurality of commissure features, a collapsed

condition and a expanded condition. A valve assembly may be

secured to the stent, the valve assembly including a cuff and

a plurality of leaflets, the cuff being formed of a fabric and

a second material different from the fabric, t e cuff having

commissure peaks and a plurality of midpeaks disposed between

the commissure peaks, each of the .leaf.lets having a free edge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various embodiments of the present invention are

described herein with reference to the drawings, wherein:

[0010] FIG. 1A is a partial side view of a prosthetic hea rt

valve showing a potential strain distribution profile in the

valve assembly;

[0011] FIG. B is an enlarged partial view of the

prosthetic heart valve of FIG. 1A showing the strain

distribution the leaflet;

[0012] FIG. 2 is a side view of a leaflet showing regions

r ne t abra i

[0013] FIG, 3 is a highly schematic partial side view of a

cuff disposed on the luminal surface of a stent;

[0014] FIG. 4 is a highly schematic partial side view of a

cuff entirely disposed on the abluminal surface of a stent;

[0015] FIG, 5A is a highly schematic partial side view of a

cuff having a cross-over region for passing from the luminal

surface to the abluminal surface of a stent;

[0016] F GS . 5B and 5C are highly schematic cross-sections

showing two variations of the folding of cut edges;

[0017] FIG. 6 is a highly schematic partial side view of a

cuff disposed on the luminal surface of a stent, the cuff

having buffers;



[0018] FIG, 7 is a highly schematic partial side view of a

cuff disposed on the luminal surface of a stent, the cuff

having alternating materials;

[0019] FIG. 8 is a highly schematic partial side view o f a

cuff disposed on the luminal surface of a stent, the cuff

having buffer strips

[0020] FIG. 9A is a highly schematic partial side view of

another example of a cuff disposed on the luminal surface of a

stent and having buffer strips; and

[0021] FIGS. 9B and 9C are highly schematic cross-sections

showing two variations of the attachment of buffer strips to a

s ut .

[0022] Various embodiments of the present invention will

now be described wit reference to the appended drawings. It

will be appreciated that these drawings depict only some

embodiments o f the invention and are therefore not to be

considered limiting of its scope,

DETAILED DESCRIPTION

[0023] As used herein, the term "proximal,," when used in

connection with a prosthetic heart va e, refers to the end of

the. heart valve closest to the heart when the heart valve is

implanted in a patient, whereas the term "distal," when used

in connection with a prosthetic heart valve, refers to the end

of the heart valve farthest from the heart when the h eart

valve is implanted in a patient. Also, as used herein, the

words "substantially," "generally" and "about" are intended to

mean that slight variations from absolute are included within

the scope of the structure or process recited,

[0024] FIG. IA shows a typical collapsible prosthetic heart

valve 00 . The prosthetic heart valve 100 is designed t

replace the function of the native aortic valve of a patient

Examples of collapsible prosthetic heart valves are described

in International Patent Application Publication



No. WO/2009/042196; United States Patent No. 7,018,406; and

United States Patent No. 7,329,278, the disclosures of all of

which are hereby incorporated herein by reference. Although

the invention is described herein as applied to a prosthetic

heart valve for replacing a native aortic valve, the invention

is not so limited, and may be applied to prosthetic valves for

replacing other types of cardiac valves,

[0025] The prosthetic heart valve 100 includes a stent or

fra e 102, which may be wholly or partly formed of any

biocompatible material, such as metals, synthetic polymers, or

biopolymers capable of functioning as a stent. Stent 102 is

expandable and collapsible so that prosthetic heart valve 100

may be. transitioned between a collapsed condition and an

expanded condition. Suitable biopolymers include, but are no

limited to, elastin, and mixtures or composites thereof.

Suitable metals include, but are not limited to, cobalt,

titanium, nickel, chromium, stainless steel, and. alloys

thereof, including nitinol . Suitable synthetic polymers for

use as a stent. include, but are not. limited to,

thermoplastics, such as polyolef ins , polyesters, po.lyam.ides,

polys . ones , acrylics , polyacrylon.it es,

polyetheretherketone (PEEK), and polyaramides . The stent 102

may have an a .n . a s section 110, an aortic section (not

shown), and an intermediate section (not shown) disposed

between the annulus and aortic sections. Each of the annuius

section 110, the intermediate section, and the aortic section

of the stent 102 includes a plurality of cells 112 connected

to one another around the stent. The annulus section 11 , the

intermediate section, and the aortic section of the stent 02

may each include one or more annular rows of cells 12

connected to one another. For instance, the annulus

section 110 may have two annular rows of ce ls 112, When the

prosthetic hea rt valve 100 is in the expanded condition, each



cel 112 may be substantially ia ond shaped. Regardless of

its shape, each cell 112 is formed by a plurality of

struts 114, For example, a cell 112 may be formed by four

struts 114,

[0028] The stent 2 may include commissure features or

commissure posts (not shown) which may connect at least two

cells 112 in the longitudinal direction of the stent 102. The

commissure features may include eyelets that facilitate the

suturing of a valve assembly and/ or leaflets to the stent 102.

[0027] The prosthetic heart valve 100 also includes a valve

assembly 104 attached within the ann l s section 110 of the

stent 102. United States Patent Application Publication

No. 2008/0228264 and United States Patent Application

Publication No. 2008/0147179, the. entire disclosures of both

of which are hereby incorporated herein by reference, describe

suitable valve assemblies, The valve assembly 104 may be

wholly or partly formed of any suitable biological material,

fabric or a polymer. Examples of biological materials

suitable for the valve assembly 104 include, but are not

limited to, porcine or bovine pericardial tissue. Examples of

polymers suitable for the valve assembly 04 include, but are

not limited to, polyurethane and polyester,

[0028] The valve assembly 104 may include a cuff 106

disposed on the luminal surface of annulus section 110, on the

abluminal surface of the annulus section, or on both surfaces,

and the cuff may cover all or part of either or both of the

luminal and abluminal surfaces of the annulus section,

FIG, 1A shows cuff 106 disposed on the luminal surface of

annulus section 110 so as to cover part of the annulus section

while leaving another part thereof uncovered. In addition to

the materials for forming valve assembly 104 noted above, the

cuff 106 and/or any of the sutures described herein may

include ultra-high-molecular-weight polyethylene. The valve



assembly 104 may further include a plurality of leaflets 08

which collectively function as a one-way valve.

[0029] The cuff 10 of the prosthetic heart valve 100 of

FIG. 1A tends to experience relatively high strain and/or

stress at. certain locations. I such heart valves 100, the

pressure of the blood that leaflets 108 keep from flowing back

into the left ventricle may subject leaflets 108 to a load in

the direction indicated by arrow L , shown in FIG, 13. This

load may cause high stress and/or strain on the cuff a d/or

leaflets, particularly where they are joined to one another.

Moreover, a typical load ma cause the cuff and/or leaflets to

wear over time. To manage the increased stress and strain on

the cuff 06 some conventional prosthetic heart valves have

made the cuff thicker. However, thicker cuffs generally lead

to a larger heart valve in the collapsed condition that is

more difficult to deliver and implant. Instead of forming a

thicker cuff, a different material such as fabric may be used.

[0030] FIG. 2 illustrates one of several leaflets 208 that

form a valve assembly. Leaflet 208 extends between proximal

end 202 and distal end 204 and includes a belly 230 having a

free edge 210 stretching between attachment regions 2 2, which

couple the leaflet to the co m ssure features of a stent. A

substantially parabolic belly contour 214 is formed between

attachment regions 212 on the edge of leaflet 208 opposite

free edge 210, In some examples, two leaflets 208 may be

attached to each commissure feature of a stent. When the

valve assembly is functioning properly, free edges 2 0 of

leaflets 208 separate from one another to an open position to

permit blood flow through the valve in one direction and coapt

with one another in a closed position to impede blood flow in

the opposite direction. In addition to the previously

described strains, as leaflets 208 of the valve assembly open

and close, certain regions of one leaflet will repeatedly



contact a similar region on the other leaflets, and may

repeatedly contact hardened calcium nodules or a feature of

the heart valve due to valve distortion from the hardened

calcium. When this occurs, abrasion ay occur at said region

of the leaflet or at a corresponding region of the cuff,

[0031] FIG, 3 illustrates heart valve 300, which includes

stent 302 formed of struts 303 and an attached cuff 306, For

the sake of clarity, leaflets are no shown. Stent 302 may

include one or more annular rows of cells 3.12 connected to one

another and a plurality of spaced commissure features 314 to

which attachment features of the leaflet may be secured via

eyelets 3 5 .

[0032] Cuff 306 is typically disposed on the luminal

surface of annular stent 302 and includes three commissure

peaks 307 for coupling with commissure features 314 f stent

302, As discussed above, cuff 306 may generally be formed of

tissue, a polymer or a fabric. When formed of a fabric, cuff

306 may be cut from a large sheet into the shape shown in FIG.

3 . The cut edges 320 of the cuff 306 may be jagged and

abrasive, as shown in the detailed view of the cuff edge. A s

the leaflets repeatedly open and close, portions of leaflet

208 ay contact the abrasive edges 320 of cuff 306, such as

the edges 32 0 located adjacent struts 303a and 303b that

define a midpeak 324 of cuff 306 located between commissure

feature commissure peaks 307. To minimize abrasion and

provide safe contact between the cuff and leaflets, several

improvements to the cuff design are proposed, as described

belo .

[0 33 FIG. 4 illustrates heart valve 400, which includes

stent 402 formed of struts 403 are attached fabric cuff 406.

For the sake of clarity, leaflets are not shown. Stent 402

may include one or more annular rows of cells 412 connected to

one another and a plurality of spaced commissure features 414



to which attachment features of the leaflet may be secured via

eyelets 415. In this first example, cuff 406 is disposed on

the abl ainal surface of stent 402 {e.g. , as viewed from

outside of the heart valve, cuff 406 overlies stent. 402). By

positioning fabric cuff 406 on the abluminal surface of the

stent, struts (such as strut 403b) are positioned between the

cuff 406 a d the leaflets so th a t abrasion from the cut edges

420 of the cuff is minimized when the leaflets open.

Additionally, cuff 406 may provide better sealing by being

disposed on the abluminal surface.

[0034] FIG. 5A is another example of a heart valve 500

configured to minimize abrasion of the leaflets. Heart valve

500 is similar to heart valve 300 and includes stent 502

formed of struts 503 and an attached fabric cuff 506. For the

sake of clarity, leaflets are not shown. Stent 502 may

include one or more annular rows of cells 512 connected to one

another and a plurality of spaced commissure features 514 to

which attachment features of the leaflet may be secured via

eyelets 515. In this example, cuff 506 is almost entirely

disposed on the luminal surface of stent 502 with certain

exceptions. Triangular idp ks 524 of cuff 506 are disposed

on the abluminal surface of stent 502 by passing portions of

the cuff from the luminal surface to the abluminal surface

through cell 512T. Specifically, each midpeak 524 of cuff 506

s attached to struts 503a and 503b on the abluminal surface

of stent 502, and. is attached to struts 503c and 503d on the

luminal surface of the stent. In this manner, cut edges 520

of fabric cuff 506 may be disposed away from the moving

leaflets. Additionally, cut edges 520 disposed on the

abluminal surface may be folded prior to attachment to struts

503. In a first variation FIG . 53) , cut edge 520b of cuff

506b is folded toward strut 503 and hidden between cuff 506b

and strut 503. In a second variation (E' G . 5C) , cut edge 520c



of cuff 506c be folded away fro strut 503. Regardless of

whether cut edges 520 are folded and in which orientation;

they may be secured to stent. 502 with suture S as shown in the

detailed view of FIG. 5 . With edges 520 hidden from the

leaflets, the leaflets may open and close with little to no

abrasion of the free edges,

[0035] In another example, shown in FIG, 6 , heart valve 600

includes stent 602 formed of struts 603 and an attached cuff

606. Stent 602 includes one or more annular rows of ceils 612

connected to one another and a plurality of spaced commissure

features 614 to which attachment features of the leaflet may

be secured. In this example, cuff 606 is disposed on the

luminal surface of stent 602. Unlike the previously described

cuffs, cuff 606 includes two materials, a first material for

forming main body 640 and a second material for forming the

midpeaks . The second material forms discrete substantially

triangular buffers 650 attached to main body 640.

[0036] The first material of main body 640 may be a fabric

to reduce the crimp profile of the heart valve. In such

cases, buffers 50 may be formed of a smooth second material,

such as tissue or a polymer to minimize abrasion to the

leaflets. As shown, midpeaks 624 may be rem oved from main

body 640 along a cu edge 620, and each buffer 650 may be

attached to cut edge 620 and to struts 603a, 603b using

sutures as shown. In some examples, about 2 to 3 mm of

buffers 650 may overlap with main body 40 and leaflets may be

sutured through twin layers of buffers 650 and main body 640 *

As the leaflets (not shown) open and close, the free edges of

the leaflets contact buffer 65 0 , which provides a smoother

contact region.

[0037] In FIG. 7 , heart valve 700 includes stent 702 formed

of struts 703 and an attached cuff 706. Stent 702 includes

one or more annular rows of cells 712 connected to one another



and a plurality of spaced commissure features 714 to which

attachment features of the leaflet may be secured. In some

cases, a fabric cuff is desired to reduce the crimp profile of

the heart valve. Because of the abrasion potential of fabric,

other materials may be used to reduce abrasion to the

leaflets. For example, cuff 706 includes alternating fabric

portions 706a and tissue portions 706b. Tissue portions 706b

are disposed at. midpeaks 724 between co mi s re features 714,

while fabric portions 706a are disposed elsewhere including in

the regions below commissure features 714. In this manner,

the crimp profile is reduced through fabric portions 706a

while abrasion is reduced via tissue portions 706b.

[0038] FIG. 8 illustrates heart valve 800 including stent

802 having struts 803, an attached cuff 8 6, rows of cells 812

and commissure features 814. It wil be appreciated that

heart valve 800 may often be implanted in a less than ideal

native valve annulus . For example, t e native valve annulus

may be unevenly calcified or ma have a cross-section that it

not substantially circular {e.g., the valve annulus may be

elliptical) . Under such circumstances, the leaflets (not

shown) may open and contact struts th at are higher than cuff

806. In order to minimize abrasion of the leaflets by the

struts, longitudinal buffer strips 850 may be secured to

select ones of struts 803.

[003 Buffer strips 850 may be form ed of tissue, such as

bovine or porcine pericardial tissue, or a polymer, such as

ultra-high molecular weight polyethylene, polyure thane,

polyester or suitable combinations thereof, and may be secured

to the struts using sutures, glue, bioadhesive or other

suitable techniques. Each buffer strip 850 extends along the

length of a strut 803 and is wrapped around the strut. In

FIG, 8 , each buffer strip 850 s secured to certain struts,

such as struts 803a, 803b located above a midpeak 824 of cuff



806. Strips 850 may be disposed in three groupings, each

grouping forming a V-shaped cushion 852, It will be

understood that, while FIG. 8 illustrates V-shaped cushions

852 located directly above dpeaks 824, the positioning of

buffer strips is not so limited an buffer strips 850 may be

coupled to other struts 803 an may form any number of

suitable groupings. For example, a full row of cells 812 may

include buffer strips 850 along the top struts of the ceils,

the bottom struts of the cells or all four struts of one or

more cells

[0040] FIG. 9A illustrates one such variation in which

heart valve 900 includes stent 902 having struts 903, an

attached cuff 906, rows of cells 912 and commissure features

914. In order to minimize abrasion of the leaflets by struts

903, buffer strips 950 may be secured to select struts. In

this variation, buffer strips 950a-d are wrapped around struts

903a-d to form a -shaped cushion 952, the center of each

cushion 952 being formed adjacent a midpeak 924 of cuff 906.

One -shaped cushion 952 is disposed between each pair of

commissure features 9 4, though it wil be understood that the

cushions alternatively may be formed of strips 950 disposed in

various groupings and/or orientations, such as the. V-shaped

orientations described in connection with FIG. 8 , or

combinations of both the V-shaped and -shaped cushions, or

cushions formed n other shapes,

[0041] A s previously discussed, strips 950 may be secured

to selected struts using a variety of methods. FIGS. 9B and

9C illustrate two methods of attaching buffer strips 950 to

strut 903, In FIG. 9B, cuff 906B is wrapped around strut 903.

Buffer strip 9503 is disposed over cuff 906B and wrapped over

a portion of strut 903 so as to be positioned on the luminal

surface of stent 902, A suture S9 is then wrapped with a

whip-stitch around strip 9508, cuff 906B and strut 903 to



secure a three together. In an alternative example, shown

in FIG. 9C, cu 9C6C is doubled over itself to create a

second layer 90 C . Both layers overlie strut 903 on the

luminal side of stent 902. A f at buffer strip 50C i then

disposed over cuff 9 G and a suture S10 pierces through

buffer strip 950C and the two layers of cuff 906C to secure

buffer strip 950C and cuff 906C to strut 903 using a whip

stitch pattern,

[0042] In operation, any of the embodiments of the

prosthetic heart valve described above may be used to replace

a native heart valve, such as the aortic valve. The

prosthetic heart valve may be delivered to the desired site in

a patient (e.g. , near a native aortic annulus) i a collapsed

condition using any suitable delivery device. The delivery

device may be introduced into the patient. using a

trans femoral , transapical, transseptal, transradial,

transaortic, trans subclavian or other percutaneous approach.

Once the delivery device has reached the target site, the user

may deploy the prosthetic heart valve. Upon deployment, the

prosthetic heart valve expands into secure engagement within

the native valve annulus. When the prosthetic heart valve has

been properly positioned inside: the heart, it works as a

one-way valve, allowing blood to flow in one direction and

preventing blood from flowing in the opposite direction. Any

of the variations shown above, such as, for example, the

buffer strips, may be helpful in reducing contact between the

leaflets and struts of the heart valve when opening and

closing, thereby reducing the potential for of abrasion of the

leaflets .

[0043] Although the invention herein has been described

with reference to particular embodiments, it is to be

understood that these embodiments are merely illustrative of

the principles and applications of the present invention. For



example, a prosthetic heart valve may include both buffer

strips for reducing abrasion to the leaflets from the struts

and an abluminal cuff to reduce abrasion to the leaflets from

the cuff. Thus any combination of the preceding features may

be used together and it is therefore to be understood that

numerous modifications may be made to the illustrative

embodiments and that other arrangements ay be devised without

departing from the spirit and scope of the present invention

as defined by the appended claims.

[0044] I some embodiments, a prosthetic heart valve

includes a stent extending in a longitudinal direction, the

stent being formed of a plurality f struts and having a

plurality of commissure features, a collapsed condition and an

expanded condition. A valve assembly may be secured to the

stent, the valve assembly including a cuff and a plurality of

leaflets, each of the leaflets having a free edge and being

capable of alternating between an open position and a closed

position. At least one buffer strip may be coupled to at

least one of the plurality of struts and configured and

arranged t minimize abrasion of the free edge of the leaflet

in the open position.

[0045] In some examples, the at least one buffer strip may

be formed of tissue or a polymer, and/or may include three

groupings of buffer strips, and/or may include multiple

groupings of buffer strips, and/or the at. lea st one buffer

strip may include two buffer strips arranged in a V-shaped

cushion, and/or the at least one buffer strip may include four

buffer strips arranged in a -shaped cushion, and/or the cuff

may include a plurality of midpeaks disposed between an

adjacent pair of the commissure features and the W-shaped

cushions are centered about each of the plurality of midpeaks,

and/or the heart valve may further include a suture configured

to v/rap around one of the plurality of struts and the at least



one buffer strip, and/or the heart valve may further include a

suture configured to pierce the cuff and the at least one

buffer strip and. to wrap around at least one of the plurality

o str s .

0046 some embodiments , a prosthetic heart valve

includes a stent extending in a longitudinal direction, the

stent being formed of a plurality of struts forming ce ls and

having a plurality of commissure features, a collapsed

condition and an expanded condition. A valve assembly may be

secured to the stent, the valve assembly including a fabric

cuff and a plurality of leaflets, at least a portion of the

cuff being disposed on an abluminal surface of the stent, each

of the leaflets having a free edge and being arranged to open

such that the free edge is adjacent the portion of the cuff

disposed on the abluminal surface of the stent.

[0047] In some examples, the cuff may be entirely disposed

on the abluminal surface of the stent, and/or the cuff may

include midpeak portions and a remaining portion, the midpeak

portions being disposed on the abluminal surface of the stent

and the remaining portion being disposed on a luminal surface

of the stent, and/ r the midpeak portions may pass through

select cells of the stent from the luminal surface of the

stent to the abluminal surface o the stent, and/or the at

least one edge of each of the m peak portions may be folded.

[0048] In some embodiments, a . prosthetic heart valve, may

include a stent extending in a longitudinal direction, the

stent being formed of a plurality of struts forming cells and

having a plura ty o commissure features, a collapsed

condition and. an expanded condition. A valve assembly may be

secured to the stent, the valve assembly including a cuff and

a plurality of leaflets, the cuff being formed of a fabric and

a second material different from the fabric, the cuff having



com is ure peaks and plurality of peaks disposed between

the commissure peaks, each of the leaflets having a free edge,

[0049] In some examples, the fabric ay alternate wit the

second material the cuff, the second ateria forming the

plurality o midpeaks of the cuff, and/or the second material

may include tissue and/or a polymer, and/or the cuff may

include triang a buffers formed from the second material,

and/or each f the triangular buffers may include three edges,

one o the edges being coupled to the fabric, and two of the

edges being coupled to struts .

[0050] It will be appreciated that the various dependent

claims and the features set forth therein can be combined in

different ways than presented in the initial claims. It wil

a so be appreciated that the features described in connection

with individual embodiments may be snared with others of the

described embodiments .



CLAIMS

A prosthetic heart valve, comprising :

a ste t extending in a longitudinal direction, the stent

being formed of a plurality of struts forming cells and having

a plurality of commissure features, a collapsed condition and

an expanded condition;

a valve assembly secured to the stent, the valve assembly

including a cuff and a plurality of leaflets, the cuff being

formed of a fabric and a second material different from the

fabric, the cuff having commissure peaks and a plurality of

midpeaks disposed between the commissure peaks, each of the

leaflets having a free edge.

2 . The prosthetic heart valve according to claim 1 ,

wherein the fabric alternates with the second material in the

cuff, the second material forming the plurality of midpeaks of

t e cuff.

3 . The prosthetic heart valve according to claim

wherein the second material includes tissue.

The prosthetic heart valve according o claim

wherein the second material includes a polymer.

5 . The prosthetic heart valve according to claim 1 ,

wherein the cuff includes triangular buffers formed from the

second material.

6 . The prosthetic heart valve according to clai 5 ,

wherein each of the triangular buffers includes three edges,

one of the edges being coupled to the fabric, and two of the

edges being coupled to struts .



A prosthetic heart valve, comprising:

a stent extending in a longitudinal direction, the stent

bei g formed of a plurality of struts and having a plurality

of co m ssure features, a collapsed condition and an expanded

condition

a valve assembly secured to the stent, the valve assembly

including a cuff and a plurality of leaflets,, each of the

leaflets having a free edge and being capable of alternating

between an open position and a closed position; and

at least one buffer strip coupled to at least one of the

plurality of struts and configured and arranged to minimize

abrasion of the free edge of the leaflet in the open position.

8 . The prosthetic heart valve according to claim 7 ,

wherein the at least one buffer strip is formed of tissue or a

po m

9 . The prosthetic heart valve according to claim 7 ,

wherein the at least one buffer strip includes three groupings

of buffer strips.

10. The prosthetic heart valve according to claim. 1,

wherein the at least one buffer strip includes multiple

groupings of buffer strips.

11. The prosthetic heart valve according to claim 7 ,

wherein the at least one buffer strip includes two buffer

strips arranged in a V-shaped cushion.

12. The prosthetic heart valve according to claim 7 ,

wherein the at least one buffer strip includes four buffer

strips arranged in a W shaped cushion.



13, The prosr.het.ic heart valve according to claim 12,

wherein the cuff includes a plurality of midpeaks disposed

between an adjacent pair of the commissure features and the -

shaped cushions are centered about each of the plurality of

idpe s

14, The prosthetic heart valve according to claim 7 ,

further comprising a suture configured to wrap around one of

the plurality of struts and the at least one buffer strip.

15, The prosthetic heart valve according to claim 7 ,

further comprising a suture configured to pierce the cuff and

the at least one buffer strip and to wrap around at least one

of the plurality of struts.

16, A prosthetic heart valve, comprising:

a stent extending in a longitudinal direction, the stent

being formed of a plurality of struts forming ce ls and having

a plurality of commissure features , a collapsed condition and

an expanded condition;

a valve assembly secured to the stent, the valve assembly

including a fabric cuff and a plurality of leaflets, at least

a portion of the cuff being disposed on an abiuminal surface

of the stent, each of the leaflets having a free edge and

being arranged to open such that t e free edge is adjacent the

portion of the cuff disposed on the abiuminal surface of the

stent .

17, The prosthetic heart valve according to claim 16,

wherein the cuff is entirely disposed on the abiuminal surface

of the stent.



8 . The prosthetic heart valve according to claim 16,

wherein the cuff includes midpeak portions and a remaining

portion, the midpeak portions being disposed on the abluminal

surface of the stent and the remaining portion being disposed

on a luminal surface of the stent.

19. The prosthetic heart valve according to claim 18,

wherein the midpeak portions pass through select cells of the

stent from the luminal surface of the stent to the abluminal

surface of the sten .

20. The prosthetic heart valve according to claim 1.9,

wherein at least one edge of each of the midpeak portions is

folded .
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