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STENT ASSEMBLY FOR USE 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. 61/994, 187, filed May 16, 2014, the disclosure of which is

hereby incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

[0002] The present disclosure relates to a stent assembly

for heart valve replacement and, in particular to collapsible

prosthetic heart valves. More particularly, the present

disclosure relates to collapsible prosthetic transcatheter

heart valves which minimize or reduce paravalvular leaks.

[0003] Prosthetic heart valves that are 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

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

a trocar, a laparoscopic instrument, or the like. 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

wo 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 is

first collapsed or crimped to reduce its circumferential size.

t is therefore desirable that the valve have a low profile or

volume to minimize the size of the delivery apparatus.

[0005] When a collapsed prosthetic valve has reached the

desired implant site in the patient (e.g., at or near 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-expanded to full

operating size. For balloon-expandable valves f this generally

involves releasing the valve , assuring its proper location,

and then expanding a balloon positioned within the valve

stent. For self-expanding valves, on the other hand, the

stent automatically expands as a sheath covering the valve is

withdrawn

[0006] There s a need for improvements to prosthetic h ea rt

valves., and specifically, to collapsible prosthetic h ea rt

valves that would reduce the likelihood of parava u ar

leakage due to gaps between the implanted prosthetic h ea rt

valve and patient ssue .

BRIEF SUMMARY OF THE DISCLOSURE

[0007] In one embodiment of the p resent disclosure there is

described a stent assembly for use in a prosthetic heart valve

for replacing a native valve. The prosthetic heart valve

includes a stent having a luminal surface an an abluminal

surface extending between a distal end and a . proximal end

thereof. A valve may be disposed within the stent . A cuff

may be coupled to the stent having a first orientation and a

second orientation . A plurality of embe s may be provided

having a distal end coupled to the stent and. a proximal end

coupled to the cuff. The plurality of members has a first

state when the cu f is arranged in the first orientation and a

second state when the cuff is arranged in the second

orientation .

[0008] In another embodiment of the present disclosure

there is also described a stent assembly for use in a

prosthetic heart valve for replacing a native valve. The

prosthetic heart valve includes a stent having a proximal end

and an abluminal surface. A valve may be disposed within the

stent, A cuff may be coupled to the stent by a plurality of



e b s having a relaxed state a d. a tensioned state for

orienting at least a portion of the cuff at lea st partially

disposed on the abiuminal surface w h en the plurality of

members are in a relaxed state.

[0009] Tn a further embodiment of the present disclosure

there is also described a stent a semb for use in a

prosthetic heart valve for replacing a native va ve . The

prosthetic heart valve includes a stent. A valve may be

disposed within the stent. A cuff may be coupled to the stent

having a first orientation and a second orientation. A

plurality of members may be coupled between the stent and

cuff. The members are configured to arrange the cuff between

the first and second orientations , wherein the members remain

coupled to the stent and cuff after replacement of the native

va e .

[0010] In a further embodiment of the present disclosure

there is also described a stent assembly for use in a

prosthetic heart valve for replacing a native valve, The

prosthetic heart valve includes a stent configured to have a

collapsed condition and an expanded condition. The stent has

a luminal surface and an abiuminal surface extending between a

distal end and a proximal end thereof. A valve assembly may

be disposed within the stent. The valve assembly may include

a plurality of leaflets and a cuff having a portion at least

partially disposed on the luminal surface of the stent. At

least a portion of the cuff has a first orientation extending

outwardly of the proximal end of the stent or at. least

partially disposed on the abiuminal surface of the stent and a

second orientation with a portion of the cuff at least

partially disposed on the abiuminal surface of the stent. A

plurality of elongated elastic members has a distal end

coupled to the stent and a proximal end coupled to the cuff at

circumf erentialiy spaced apart locations. The plurality of



elastic members has a tensioned state when the cuff is

arranged in the first orientation and a relaxed state when the

cuff is arranged in the second orientation.

[0011] In a further embodiment of the present disclosure

there is a o de bed a stent assembly r use a

prosthetic heart valve for replacing a native valve. The

prosthetic heart valve includes a stent, A cuff may be

coupled to the stent having a first orientation and a second

orientation. A plurality of inverting members may be coupled

between the stent and caff. The members are configured to

arrange the cuff between the first and second orientations,

wherein the inverting members remain coupled to the stent and

cuff after replacement of the native valve.

BRIEF DESCRIPTION OF THE D A I G

[0012] Various embodiments of the presently disclosed stent

assembly and prosthetic heart valves ay be ore fully

understood wi h reference to the following detailed

description when read with the accompan g drawings, in

wh c :

[0013] FIG, is a front view of a conventional collapsible

pros theti e t a1 e

[0014] FIG, 2 is a top cross-sectional view of the

prosthetic heart valve of FIG. 1 implanted in a patient taken

along Line 2-2 in FI . I ;

[0015] FIG. 3 is a cross sectional view of a prosthetic

heart valve including a stent assembly having a cuff in

accordance with one embodiment of the disclosure shown coupled

to members in a tensioned state;

[0016] FIG. 4 is a perspective v ew of the prosthetic heart

valve of F G . 3 showing the members in a relaxed state forming

a cuff seal;

[0017] FIG. 5 is a cross sectional view of a prosthetic

heart valve including a stent assembly having a cuff in



accordance with another embodiment of the disclosure coupled

to members in a tensioned state;

[0018] FIG. 6 is a perspective view of t e prosthetic heart

valve of FIG. 5 showing the members in a relaxed state forming

a cuff seal;

[0019] FIGS, 7A and 7B are perspective views of the

prosthetic heart valve of FIG, being prepared for insertion

into the lumen of a catheter delivery system by placing the

members under tension;

[0020] FIG. 8 is a perspective view of the prosthetic heart

valve shown in FIG, 7 after being deployed from the delivery

system;

[0021] FIG. 9 is a cross sectional view of the fiber hollow

tube of the prosthetic heart valve of FIGS. 3 and. 5 including

an insert in the nature of filler material;

[0022] FIG, 0 is a perspective view of the prosthetic

heart valve showing the fiber hollow tube of FIGS. 3 and 5

having an insert in the nature of a coiled member;

[0023] FIG, I is a cross sectional view of a prosthetic

heart valve including a . stent assembly having a cuff in

accordance with another embodiment of the disclosure coupled

to members in a tensioned state;

[0024] FIG, 12 is a perspective view of the prosthetic

heart valve of FIG. 11 showing the members in a relaxed state

forming a cuff seal;

[0025] FIG. 13 is a cross sectional view of a prosthetic-

heart valve including a stent assembly having a cuff in

accordance with another embodiment of the disclosure coupled

to members in a tensioned state; and

[00262 FIG. 14 i a perspective view of the prosthetic

heart valve of FIG. 13 showing the members in a relaxed state

form ing a sea1 *



DETAILED DESCRIPTION

[0027] ¾.s used herein, the terra "proximal," when used in

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

the heart valve closest to the heart whe the heart valve is

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

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

of the heart valve farthest fro the heart when the heart

valve is implanted in a patient. Like reference numbers refer-

to similar or identical elements throughout the disclosure,

[0028] FIG. 1 shows a collapsible stent-suppcsrted

prosthetic heart valve 100 known in the art. The prosthetic

heart valve I C is designed to replace the function of a

native tricuspid, bicuspid or unicuspid valve of a patient,

such as a native aortic valve. It should be noted that while

the embodiments herein are described redo inate1 in

connection with their use with a prosthetic ao ic valve and a

stent having a shape as illustrated in FIG, 1 , the embodiments

may also be used with tricuspid valves, pulmonic valves, and

bicuspid valves, such as the mitral valve, and with stents

having different shapes, such as those having a flared or

conical annulus section, a less-bulbous aortic section, and

the like, and a differently shaped transition section.

[002 The prosthetic heart valve 100 includes a stent

constructed as a frame 1C2 from a plurality of attached

cells 1 2 , which may be wholly or partly formed of any

biocompatible material, such as metals, synthetic polymers, or

biopolymers capable of functioning as a stent. Suitable

biopolymers include, but are not 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 shape memory

alloys known as itincl Suitable synthetic polymers for use

as a stent include, but are not limited to, thermoplastics,



such as polyole ins polyesters,. polyamides, polysulf ones ,

acrylics , pol yacr y1onitri.1 es, polyetheretherketone, arid

po ya. ide .

[0030] The stent 102 extends from a proximal or annulus

end 130 to a distal or aortic end 132, and includes an annulus

section 104 adjacent the proximal end 130 and an aortic

section 142 adjacent the distal end 132. The annulus

section 104 has a relatively small cross-section in the

expanded condition, while the aortic section 142 has a

relatively large cross-section in the expanded condition. The

annulus section 104 ma be in the orm of a cylinder having a

substantially constant diameter along its length. A

transition section 144 may taper outwardly from the annulus

section 104 to the aortic section 142. Each of the sections

of the stent 102 includes a plurality of cells 112 connected

to one another in one or more annular rows around the

stent 102. For example, as shown in FIG. 1 , the annulus

section 104 may have two annular rows of complete ce ls 112

and the aortic section 142 and the transition section 144 may

each have one or more annular rows of complete or partial

ceils 112. The cells 112 in the aortic section 142 may foe

larger than the ce ls 112 i the annulus section 104. The

larger ceils 112 in the aortic section 142 better enable the

prosthetic valve 100 to be positioned without the stent

structure 102 interfering with blood flow to the coronary

arteries. The cells 112 may be connected circumferentially to

each other by runners 114 arranged about the stent 102.

[0031] The stent 102 may include one or more retaining

elements 118 at the distal end 132 thereof, the retaining

elements 118 being sized and shaped. to cooperate with

retaining structures provided on a deployment device (not

shown) . The engagement of the retaining elements 118 with the

retaining structures on the deployment device helps maintain



the prosthetic hea rt valve 100 in assembled relationship with

the deployment device,, i m es longitudinal movement of the

prosthetic heart valve relative to the deployment device

during unsheathing or resheathing procedures, and helps

prevent rotation of the prosthetic h ea rt valve relative to the

deployment device as the deployment device is advanced to the

target location and during deployment.

[0032] The stent 102 may also include a plurality of

commissure points 116 for mounting the commissures (not

identified) , where two leaflets ICS come together to the

stent 1Q2. As can be seen in FIG. 1 , the commissure

points 116 may lay at the intersection of four cells 112, two

of the ceils 112 being adjacent one another in the same

annular row, and the other two ceils 112 being in different

annular rows and lying in end-to-end relationship. In one

embodiment , the co miss re points 116 are positioned entirely

within the annul s section 104 or at the juncture o annulus

section 104 and the transition section 144, The commissure

points 116 may include one or more eyelets which facilitate

the suturing of the leaflet commissure to the stent.

[0033 The prosthetic heart valve 100 includes a valve

assembly 40 preferably positioned in the annulus section 104.

The valve assembly 40 may be mounted to the stent 102 by

suturing the commissures of the leaflets 106 to the commissure

points 1 6 and suturing other portions of the valve

assembly 140 to the stent 102, or by other methods known in

the art. The valve assembly 140 may include a cuff 106 and a

plurality of leaflets 108 which collectively function as a

one way valve. by coap g with one another. FIG. 1

illustrates a prosthetic heart valve for replacing a native

tricuspid valve, such as the aortic valve, Accordingly, the

prosthetic heart valve 00 is shown in FIG. 1 with three

leaflets 10 as well as three commissure points 1 6 .



However, t will be appreciated that the prosthetic heart

valves according to aspects of the disclosure may have a

greater or lesser number of leaflets 1.08 and co m ure

points 116. The valve assembly 140 may be wholly or partly

formed of any suitable biological material or polymer.

Examples of biological materials suitable for the valve

assembly 140 include, but are not limited to, porcine or

bovine pericardial tissue. Examples of polymers suitable for

the valve assembly 40 include, but are not limited to,

polyure thane , silicone, PTFE a d polyester. In at least some

examples, portions of valve assembly 4 , the cuff and the

suture used may include an ultra-high molecular weight

polyethylene .

[0034] Although the cuff 106 is shown in FIG. I as being

disposed on the lumenai or inner surface of the armuius

section 104, it is contemplated that the cuff 106 may be

disposed on the ablumenal or outer surface of armuius

section 104, or may cover a l or part of either or both of the

lumenai and ablumenal surfaces of the annul s section 104.

Both the cuff 106 and the leaflets 108 may be wholl or partly

formed of any suitable biological material or polymer,

including those, such as PTFE, described above in connection

with the prosthetic heart valve 100. Additionally, the

cuff 106 may be formed from polyurethane copolymers or include

ultra-high molecular weight polyethylene.

[0 35 A s is shown in F . 1 , in one example the entirety

of the valve assembly 140, including the leaflet commissures,

is positioned in the annul us section 104 of the stent 02 .

When opened, the leaflets ay extend further into the

transition region 44 or may be designed such that they remain

substantially completely within the annulus region 104. In

this embodiment , substantially the entirety of the valve

assembly 140 is positioned between the proximal end 130 of



stent 102 and the commissure points 116, and one of the valve

assembly is positioned between the commissure points 16 and

the distal end 132 of the stent 102.

[0036] n operation, the embodiments of the prosthetic

heart valve 100 described above may be used to replace a

native heart valve, such as the aortic valve, a surgical heart

valve or a heart valve that has undergone a surgical

procedure. The prosthetic heart valve 100 may be delivered to

the desired site {e.g. f near a native aortic annul s ) using

any suitable delivery device. During delivery, the prosthetic

heart valve 10 is disposed inside the delivery device in the

collapsed condition . The delivery device may be introduced

into a patient using any known procedures, such as a

trans femoral, transapical or transseptal approach. Once the

delivery device has reached the target site, the user may

deploy the prosthetic heart valve 10 . upon deployment, the

prosthetic heart valve 100 expands n to secure engagement

within the native aortic annuius, When the prosthetic heart

valve 100 properly positioned inside the heart, it works s

a one-way valve, allowing blood to flow i one direction and

preventing blood om flowing in the opposite direction.

[0037] FIG. 2 is a cross-sectional illustration of the

prosthetic heart valve 100 having leaflets 108 disposed within

the native valve annuius 150, taken along line 2-2 shown in

FIG. 1 . A s seen in FIG. 2 , the substantially circular annuius

section of the stent 102 is disposed within a non-circular

native valve annuius 150. At. certain locations around the

perimeter of the prosthetic heart valve 100, gaps 152 form

between the heart valve 100 and the native valve annuius.

Blood flowing through these gaps and around the valve

assembly 140 of the prosthetic heart valve 100 can result in

paravalvular leak or regurgitation and other inefficiencies

which c a reduce cardiac performance. Such improper fitment



may be due to suboptiitial native valve annulus geometry due,

for example, to calcification of the native valve annulus or

due to rresected native leaflets.

[0038] In accordance with the various embodiments of the

present disclosure, stent assemblies for use in a prosthetic

heart valve incorporating multiple design concepts of a cuff

feature for eliminating paravalvular leakage w il be

described. A s to be described hereinafter in greater detail,

one or more members may be coupled to a portion of the stent's

cuff and to additional stent features such as the runners 114

to position the cuff about the a . umin surface of the stent

upon deployment from a delivery device to seal in and around

any calcific nodules. Prosthetic heart valves having such a

cuff pursuant to the embodiments of the present disclosure

decrease delivery system volume and. profile of the prosthetic

heart valve. The cuff sealing material being coupled to the

members is positioned out of the area of most volume providing

a low profile prosthetic heart valve. When deployed, the

members, such as formed from shape memory materials, relax

from their tensioned state and position the cuff sealing

material in the sealing region of the prosthetic heart valve

to reduce paravalvular leakage. Various embodiments of a

prosthetic heart valve including a stent assembly having such

a cuff pursuant to the present disclosure will now be

described .

0039 3 Referring to FIGS. 3 and 4 , a prosthetic heart

valve 158 is shown which includes a stent 102 provided with a

cuff 10 at least partially disposed over its luminal

surface 160 such as shown in FIG. 1 thereby forming a stent

assembly. T e cuff 106 has an extended cuff portion 161 which

extends outwardly beyond the proximal end 162 of the stent

coupled to at least one member 66 shown under tension. In

the embodiment being described, the distance between the



proximal end 162 of the stent 102 a d the proximal end 164 of

the extended cuff portion 161 may be in one example about 2mm

as designated by dimension A . A s will be understood from the

various embodiments of the disclosure to be described,

dimension can be varied depending upon the desired position

o the extended cuff portion 161 when positioned by the

members 166. The cuff 106 and extended cuff portion 16 may

be one integral unitary member, or two or more members sutured

together . In either case, they may be formed from a variety

of materials as previously described with respect to cuff 106,

including, but not limited to bovine/porcine tissue (glycerol

impregnated or freeze dried), radiopaque fabric/tissue,

braided or weaved fabric (PTFE, PET, UH PE ), PTFE or

gel/collagen coated fabric, u t i.--layered composite/sheets of

any of these materials {e.g. f fabric/tissue composites), etc.

[0040] The extended cuff portion 161 may be coupled to the

stent 102 by a plurality of circumferentially arranged

elongated members 166 positioned around the stent, and in

particular, between the cu f and the stent to reduce stent

volume or bulk. The distal end 168 of the members 166 may be

attached to the runners 4 of the stent 102 between the

cuff 106 and the stent frame using known suturing techniques.

The proximal end 170 of the members 166 an the proximal

end 164 of the extended cuff portion 16 may be coupled to a

ring shaped hollow tube 174 which defines a lumen 17 6 . The

hollow tube 174 can be constructed as a fabric tube from the

same or different materi s as the cuff 1C6 described above.

The members 6 may be sutured to the hollow tube 174 using

known suturing techniques, by way of example, using a single

knotted stitch, fo owed by a double knot as known in the

surgical field. On the other hand, the extended cuff

portion 161 may be coupled to the hollow tube 174 using a

running whip stitch as known in the surgical field.



[0041] The members 166, in accordance with the present

disclosure, have di ens on and /'or shape memory properties,

which after being tensioned, will return to their original

dimensions an /or shape after the tensioning force is removed,

i.e., relaxed state. Suitable materials for the members 166

may comprise, by way of example, synthetic polymer material

su ch as polypropylene and elastic silicones; natural rubber,

super-elastic material, and elastic metals; and shape memory

materia l and shape memory alloys such as t o . The

members 166 may be in accordance with one embodiment in the

nature of an elongated rectangular strip suc as an elastic

band wherein the memb s may be p l ed und tension by

elongating from their relaxed or original state. In other

embodiments, the members 1 6 may be configured as elements

which return to their original dimension and/or shape after a

tension force is removed such as springs, e.g., coiled springs

and the like. Upon release of the tension, the members will

revert to their original length dimension and/or shape . In

the embodiment described thus far with respect to FIGS. 3 and

4 , the members 166 may be in the nature of bands of elastic

material about 3mm in width and about 4mm in length when

relaxed. In accordance with other embodiments, the

members 166 may be n the nature o coiled springs of

biocompatible material or shape memory material such as

Nitinoi. Accordingly, the members may have different forms

and different materia.! properties and characteristics to

allowing tensioning and return to their original dimensions

and/ or shape after the tension force is removed.

[0042] In the embodiment shown in FIGS. 3 and 4 , the

distal end 168 of the members 166 are attached to the nine

runners 14 provided c rc erentially about the stent 102

adjacent the stent's proximal end using any suitable

technique, such as suturing and. the like. However, the



members 166 may also be attached to the stent's joints, struts

or any other valve or stent feature. As best shown n FIG. 4 ,

the runners 14 are located between adjacent cells forming the

first proximal row of the stent ame 102. I the event of a

greater number of cells and runners, it is contemplated that

there will be a corresponding increase in the number of

members 166 used for coupling the extended cuff portion 16 to

the stent, although not a requirement of the disclosure, It

s therefore not required that a member 166 be attached to

each of the runners 114 or other attachment features on the

stent. 102. In particular, the number of members 66 may be

ess than the number of runners or other such features to

which the members could be attached. In addition, it is not

required that the members 160 be attached symmetrical about

the stent 2, rather, the members can be attached

asymmetrical about the stent and at different distances

between the distal and proximal ends of the stent,

[0043] The members 166 as shown in FIG. 3 have been

tensioned thereby positioning a portion of the extended cuff

portion .161 outwardly of the proximal end 162 of the

stent 2 . This initial configuration produces a low pro le

stent as the extended cuff portion 161 (which wi l form the

cuff seal) and members 166 are generally positioned within the

lumen 82 formed by the stent frame as opposed to being

supported externally on the abluminal surface 184 the

stent. The extended cuff portion 161 and members 166 can be

pu ed-up, t i ed- p, olded-up, rota ted-up, inverted-up and

the like into the lumen 182 prior to pos.it.i.oning the stent 102

in the catheter of the delivery device. When being deployed

from the delivery device, the members 166 wi l transform the

shape of the extended cuff portion 166 from one of its

aforementioned shapes into the final shape of the cuff seal as

shown in the various embodiments of the disclosure. By way of



one example, by pulling on and inverting the extended cuff

portion from its delivery con gu ration or shape to its

deployed configuration or shape thereby forming the cuff seal,

[0044] In the orientation disclosed in FIG. 3 , the low

profile stent 1C2 can be inserted, typically after being

collapsed, into the lu en of a catheter delivery device for

delivery to a native aortic valve using known surgical

procedures and delivery devices. Upon removal from the

delivery device, the members 166 will relax to their original

non-ten ned state. A s a result, the members 166 wi l pu l

the extended cu f portion 161 and the hollow tube 174 out. of

the lumen 182 and then over the stent's proximal edge towards

the distal end of the stent. At least a por on of the

extended cuff portion 161 and hollow tube 174 wi l now be

disposed over the lower abluminal surface 84 of the stent

adjacent the stent's proximal edge . By attaching the

members 166 to the runners 114 adjacent the proximal end of

the stent 102, the extended cuff portion 61 and hollow

tube 174 are pulled upwardly over the proximal edge of the

stent into an undulating cuff seal 35 . The undulating

pattern is provided by the bottom row of cells 112 forming the

stent 102 which are open facing proximal y as shown in FIG. 1 ,

Accordingly, the extended cuff portion 16 and hollow tube 174

conform to the shape of the bottom most rows of cells 112 in

the stent 102, The extended cuff portion 161 extends

outwardly of the abluminal surface 184 of the stent for

engagement with patient's tissue to form a sea thereat,

t.hereby preventing paravalvular leakage.

[0045] Referring to FIGS. 5 and 6 , another embodiment of a

prosthetic heart valve 90 including a stent 102 having a cuff

forming a stent assembly is disclosed. The prosthetic heart

valve 90 is of similar construction to the prosthetic heart

valve 15 disclosed in FIG. 3 . In the prosthetic heart



valve 190 o f FIG. f the distal end 168 o f the members 66 are

attached to the runners 114 at the mid-peak or mid-joint o f

the stent 102, In addition, the extended cuff portion 161

extends a greater distance beyond the proximal end 162 o f the

stent 102 then in the prosthetic heart valve 158 of FIG. 3 .

In. accordance with this embodiment, the dimension A may b e

approximately 6x , i.e., the distance between the proximal

end 162 o f the stent 102 and the proximal end 164 o f the

extended cuff portion 161. It is contemplated th at at the

members 166 will therefore b e larger th a those described in

FIG. 3 , for example about 5mm wide and. about 8 long.

[0046] In F G . 5 , the members 166 are shown under tension

b y being elongated thereby displacing the proximal end 164 o f

the extended cuff portion 16 outwardly from the proximal

end 162 o f the stent 02 . The members 166 and extended cuff

portion 161 are now configured to b e generally con fined within

the lumen 182 o f the stent upon insertion into a catheter o f a

delivery device. At. the location o f delivery o f the

prosthetic heart valve 190, the members 166 relax thereby

pulling the extended cuff portion 16 an hollow tube 7 4 out

o f the lumen 182 and then in. a direction towards the distal

end of the stent. As a result, a portion o f the extended cuff

portion 161 is arranged overlying and circumscribing the

abluminal surface o f the stent a s shown in FIG. 6 , A s the

members 166 are attached to runners 114 at the mid-peak or

mid- o int o f the stent, i.e., tally displaced farther away

from the; runners as shown in the embodiment of FIG. 3 , the

extended cu f portion 61 and hollow tube 174 form a gathered

ring o f cuff sealing material 191 circumscribing ad acent the

proximal end 162 o f the stent 102, generally lacking the

previous undulating pattern.

[0047] Referring to FIGS. 7A and. 7B, the prosthetic heart

valve 190 is shown being prepared to b e received within a



catheter of a delivery device, The extended cuff portion 161

is palled against the resistance of the members 166 fro their

relaxed orientation (FIG. 7A) in an outwardly proximal

direction around the stent to place the members 166 under

tension, as shown in F G . 7B. The extended cuff portion 161

is then finally positioned within the lumen 182 to reduce bu k

volume during sheathing of the stent. In FIG 8 , the

prosthetic heart valve 190 is shown after deployment from the

delivery device where the members 66 have relaxed with the

extended cuff portion 161 and hollow tube 174 arranged

circumscribing the proximal end of the stent 102 overlying the

ablunvina.l su face 184 form g the cuff seal 1 .

[0048] To enhance the sealing effect of the cuff to prevent

parava.lvu.lar leakage, the hollow tube 174 may contain an

in rt such as f er m ate or an elongated coiled member.

By way of example, as shown in FIG. 9 , the lumen 176 of the

hollow tube 174 has been filled with expandable material. By

way of example., expandable material may include PVA,

po y c .1.1 iraicie shape memory foam, collagen, and the like to

increase sealing bulk. Further, the tiller material may

include a highly compressible sponge made from alginate cross

linked at low temperature. This type of gel will collapse to

a large extent when shear forces are applied and return to its

original shape when the forces are removed. A s a result of

the compressibility of this type of material, it will

contribute to a low prosthetic heart valve profile, and will

spring back when deployed to provide an effective paravalvular

leak seal. It is further contemplated that other

biocompatible materials can be used for the filler material i

accordance with other embodiments of the present disclosure,

[0049 ] A s shown in Fig. 10, the insert may include a

elongated coil member 192 or other shaped members formed from

various materials such as biocompatible polymers and metals



and metal alloys. For example, the coil member 192 may be

formed of materials similarly used for the construction of the

stent 102 such as Nitinol which can be collapsed and then

returned to its original shape after deployment of the stent.

[0050] Referring now to FIGS. 1 and. 12, another embodiment

of a prosthetic heart valve 200 having a stent assembly will

be described, A s shown in F G , 11, as in the previous

embodiments, the prosthetic heart valve 200 includes a

cuff 06 coupled to the stent 02 disposed over the luminal

surface 160 and a plurality of members 16 shown under tension

thereby forming a stent assembly. The distal ends 168 of the

members 166 are coupled between the cuff 1 6 .and stent 02 to

the runners 114 at the stent's mid- joint. or mid-peak,

circumf erent ia 1.1 y around the stent. using known suturing

techniques. The cuff 106 is provided with an extended cuff

portion 202 projecting outwardly from the proximal end. 162 of

the stent 102, By way of one example, the extended cuff

portion 202 may have a length of approximately 9mm below the

proximal end 162 of the stent. I this embodiment, the

members 166 formed of elastic material may have a width of

about 5mrn. and a length of about 8mm, The proximal end 170 of

the members 166 s sutured to the proximal end 164 of the

extended cuff portion 202 by suitable suturing techniques,

such as using a . single/double knot on the abiuminal side as is

known the surgical field.

[00 1 A s shown in FIG. 12, when the members 166 are

relaxed from their tensioned state as shown in FIG. 11, the

members recoil and pul the extended cuff portion 202 out of

the lumen 182 and then in a direction towards the distal end

of the stent 102 over a portion of the abiuminal surface 184

of the stent. This forms a continuous expandable pocket 204

between. the extended cuff portion 202 and abiuminal

surface 184 of the stent 102 about the annulus section 104.



The pocket 204 is open facing in a distal direction

circumscribing the stent 10 wh e closed facing in a

proximal direction. The height of the pocket can be modified

by changing the length of the extendable cuff portion 202.

The pocket 204 receives fluid pressure in the patient's artery

when deployed as a.n aortic valve to expand and seal around

ca .1 c .ified nodule s .

[0052] Referring now to FIGS. 13-14, there will be

described a prosthetic heart valve 210 having a stent assembly

in accordance with another embodiment of the present

disclosure. As shown in FIG. 13, the members 166 under

tension have their distal ends 168 coupled to the runners 114

at the raid- oint or mid-peak o the stent 02 between the

cuff 106 and the stent using suitable suturing techniques

thereby reducing the bulk or volume of the stent. The

members 166 extend outwardly overlying the abluminal

surface 184 of the stent 102 in a proximal direction. The

proximal ends 170 of the members 166 are generally arranged

adjacent the proximal end 162 of the stent 102,

[0053] A s previously described, the members 166 may be

constructive in the nature of elongated bands of elastic

material. In the embodiment of FIG. 13, the members 166 may

be approximately 5mm in width and 8mm in length. A panel 212

of sealing material is arranged overlying the abluminal

surface 184 of the stent. 102 adjacent the proximal end 162 of

the stent. The sealing material 212 may be in the nature of a

rectangular elongated panel circumscribing the stent 102. The

sealing material 212 can be provided from material similar to

cuff 106 so as to form a seal to prevent paravalvular leakage

when the prosthetic h ea rt valve 210 is positioned in a native

aortic valve. In this embodiment the panel 212 may have a

height of about m .



0054 ] The distal end 214 of the panel of sealing

material 212 s coupled to runners 114 about the circumference

of the stent. 102 using any suitable suturing technique as

known in the art. The proximal end 2 of the panel of

sealing material 212 terminates adjacent the proximal end 62

of the stent 102 and. is not attached thereto. Rather, the

proximal end 170 f the members 66 is coupled on the

abluminal side to the proximal end 216 of the panel of sealing

material 212 using a single/double knot as is known in the

surgical field. In addition, each of the members 166 are

coupled to the panel of sealing material 212 using an

alternating running stitch from the distal end 214 to the

proximal end 216 of the sealing material along longitudinal

axes of the stent 102 while the members are under tension by

bein elongated.

[0055] Referring to FIG . 14, when the members 166 are

relaxed, the relaxed state causes the panel of sea ng

material 212 to fold back upon rtself in a direction towards

the distal end f the stent over the abluminal surface 1.84 of

the stent 102 to create a bunched-up ring of sealing

material 220 a the location of the runner 1 to which the

distal end 214 of the sealing material w attached. The

location of the sealing material can be changed by altering

the runner attachment location along the stent. in. the

proximal /dis al direction.

[0056] Although certain embodiments o the prosthetic heart-

valve having a stent assembly as described herein may provide

a srngle feature for reducing p vu ar leakage, it should

be understood that multiple similar or dissimilar features may

be utilized on a . single prosthetic heart valve to reduce

paravaivular leakage. Various embodiments of a low profile

prosthetic heart valve have been described in accordance with

the present disclosure. I certain embodiments, an extended



cuff is coupled to the stent w th a plurality of members in

the nature of elongated shape memory ate a such as ast c

members or shape memory members, or coiled members to provide

a low profile prosthetic heart valve for catheter delivery.

The members are initially placed under tension to maintain an

extended cuff portion in a first orientation such as outwardly

of the proximal end of the stent. Upon relaxing the tension

in the members, the extended cuff portion is pulled towards

the distal end of the stent over the abluminal surface to form

a cuff seal at various locations along the stent in the

annuius section. In some embodiments, the cuff seal is in the

nature of a circumscribing expandable pocket, the height of

which can be modified. Prosthetic heart valves with

expandable pockets are described in greater detail in U.S.

Patent Publication No. 2011/0098802, the disclosure of which

is hereby incorporated by reference herein. In other

embodiments of the present disclosure, a panel of sealing

material may be placed circum erentially about the abluminal

surface of the stent to which the members are coupled. In the

various embodiments, the members remain coupled to the cuff

material and stent as an integral component of the prosthetic

heart valve when replacing native valves,

[0057] A prosthetic heart valve incorporating a stent

assembly for replacing a native valve in accordance with one

embodiment of the disclosure is constructed from a stent

having a luminal surface and an abluminal surface extending

between a distal end and a proximal end thereof; a . valve may

be disposed within the stent; a c ff coupled to the stent

having a fir orientation an a second orientation; and a

plurality of members having a distal end coupled to the stent

and a proximal end coupled to the cuff, the plurality of

members having a first state when the cuff is arranged in the



first orientation and a second state when the cuff is arranged

in the second orientation,

[0058] In the aforesaid prosthetic heart valve, wherein

the plurality of members have a distal end and a proximal end,

and wherein the proximal end of the plurality of members are

coupled to the cuff at spaced apart circumferential locations

around the stent; and/or wherein the stent includes a

plurality of runners, an wherein the distal end of the

plurality of members are coupled to the runners; and/or

wherein the cuff includes a distal end and a . proximal end, and

wherein the plurality of members include a distal end and a

proximal end, and further including a hollow tube coupled to

the proximal ends the cuff and the plurality of members;

and/or wherein the hollow tube defines a lumen, and further

including an insert disposed within the lumen; and/or wherein

the insert comprises at least one of a filler material or an

elongated coiled member; and /or wherein the plurality of

members are attached to the cuff ci cum erentially along

spaced apart longitudinally extending axes f the stent;

and /or wherein at least a portion of the cuff s at least

partially positioned outward of the proximal end of the stent

when arranged in the first orientation and at least partially

disposed on the abluminal surface the stent when arranged

in the second orientation; and/or wherein the members comprise

elastic members having a tensioned first s a e and a relaxed

second state,

[0059] A prosthetic heart valve incorporating a stent

assembly for replacing a native valve in accordance with one

embodiment of the disclosure is constructed from a stent

having a proximal end and an abluminal surface; a valve ma be

disposed within the stent; and a cuff coupled to the stent by

a plurality of members having a relaxed state and a tensioned

state for orienting at least a portion of the cuff at least



partially disposed on the abluminal surface when the plurality

of e bers are in a relaxed state.

[0060] In the aforesaid prosthetic heart valve, wherein at

least a portion of the cuff is arranged at least partially

outward of the proximal end of the stent when the plurality of

members are in a tensioned state; and/or wherein the stent

includes a plurality of runners, and wherein the plurality of

members have a distal end and a proximal end, the distal end

of the plurality of members is coupled to one of the runners

and the proximal end. of the plurality of members is coupled to

a portion of the cuff; and/or wherein the cuff is at least

part a y sposed on the b um in surface of the stent when

the plurality of members is in the tensioned state and relaxed

state; and/ r wherein the plurality of members are attached to

the cuf ci cum erentially along spaced apart longitudinally

extending axes of the stent; and /or wherein the cuff includes

a distal end and a proximal end, an wherein the plurality of

members include a distal end and a proximal end, and further

including a hollow tube coupled to the proximal ends of the

cuff and the plurality members, and an insert comprising at

least one of a filler material or an elongated coiled member

disposed within the h ow tube; and/or wherein the plurality

of members comprise elastic members.

[0061] A prosthetic heart valve incorporating a stent

assembly for replacing a native valve in accordance with one

embodiment of the disclosure is constructed from a stent

configured to have a collapsed condition and an expanded

condition, the stent having a luminal surface and an abluminal

surface extending between a distal end and a proximal end

thereof; and a valve assembly may be disposed within the

stent, the valve assembly including a plurality of leaflets

and a cuff having a portion at least partially disposed on the

luminal surface of the stent; at least a portion of the cuff



having a first orientation extending outwardly of the proximal

end of the stent or at least partially disposed on the

abiuminal surface of the stent, and a second orientation with

a portion of the cuff at least partially disposed on the

abiuminal surface of the stent; and a plurality of elongated

elastic merabers having a distal end coupled to the stent and a

proximal end coupled to the cuff at ci cu ferentially spaced

apart locations, the plurality of elastic members having a

tensioned. state when the cuff i arranged in the first-

orientation and. a . relaxed state when the cuff is arranged in

the sec d orie ati .

[0062] In the aforesaid prosthetic heart valve, wherein

the stent includes a plurality of runners, and wherein the

distal end of the plurality of elastic members are coupled to

the runners; and/or wherein t.he cu f includes a distal end and

a proximal end, and wherein the plurality of elastic members

include a distal end and. a proximal end, and. further including

a hollow tube coupled to the proximal ends of the cuff and the

plura ty of e st c members, and an insert comp r g at

least one of a filler material or an elongated coiled member

disposed within r.he hollow tube; and/or wherein at least a

portion of the cuff is at least partially disposed on the

abiuminal surface of the stent when arranged in the second

orientation and at least partially positioned outward of the

proximal end of the stent when arranged in the first

orientation; and/ or wherein the cuff is at least partially

disposed on the abiuminal surface of the stent when the

plurality of elastic members are in the first orientation and

second orientation.

[0063] A stent assembly for use in replacing a native

heart valve in accordance with one embodiment of the

disclosure is constructed from a stent; a cuff coupled to the

stent having a first orientation and a second orientation; and



a plurality of members coupled between the stent and cuff, the

members configured to arrange the cuff between the first and

second orientations, wherein the me e remain coupled to the

stent and cuff after repla .ceiD.ent of the native valve,

[0064] In the aforesaid prosthetic heart valve, wherein

the stent defines a lumen, and wherein the cuff when arranged

in the first orientation is disposed within the lumen, and

wherein the cuff when arranged in the second orientation is

disposed circumscribing the stent overlying an abluminal

surface thereof forming a cuff seal; and/or wherein the

inverting members comprise at least one of an elastic member

and a coiled member having a tensioned first state and a

relaxed second state; and /or wherein the inverting members are

in a tensioned state when the cuff is in the first orientation

and a relaxed state when the cuff is in the second

orientation .

[00 5 Although the disclosure 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 disclosure. It

is therefore to be understood that numerous mod a ons may

be made to the illustrative embodiments and that other

arrangements may be devised without departing from the spirit

and scope of the present disclosure.



IN THE CLAIMS

1 . A stent assembly for a prosthetic heart valve for

replacing a native valve, comprising:

a stent having a luminal surface and an abluminal surface

extending between a distal end and a proximal end thereof;

a cuff coupled to the stent having a first orientation

and a second orientation; and,

a plurality of members having a distal end coupled to the

stent and a proxima end coupled to the cuff, the plurality of

members having a first state when the cuff is arranged in the

first orientation and a second state when the cuff is arranged

in the second orientation.

2 . The stent assembly of claim 1 , wherein the proximal

end of the plurality of members are coupled to the cuff at

spaced apart circumferential locations around the stent.

3 . The stent assembly of claim wherein the stent

includes a plurality of runners, and wherein the distal end of

the plurality of embe s are coupled to the runners.

4 . The stent assembly of claim 1 , wherein the cu

includes a distal end and a proximal end, and further

including a hollow tube coupled to the proximal end of the

cuff and the proximal ends of the plurality of members.

5 . The stent assembly of claim 4 , wherein the hollow

tube defines a lumen, and further including an in sert disposed

thi the e ,

. The stent assembly of claim 5 wherein the insert

comprises at least one of a filler material or an elongated

coiled member.



7 . The sten t assembly of clai 1 , wherein the plurality

of members are attached to the cuff c.i. rcumferentially along

spaced apart longitudinally extending axes of the stent.

8 . The stent assembly of claim 1 , wherein at least a

portion of the cuff is at least partially positioned outward

of the proximal end of the stent when arranged n the first

orientation and at least partially disposed on the abl ra nai

surface of the stent when arranged in the second orientation,

. The stent assembly of claim 1 , wherein the members

comprise elastic members having a tensioned first state and a

relaxed second state.

0 . A stent assembly for a prosthetic heart valve for

replacing a native valve, comprising:

a stent having a proximal end and an abiuminai surface;

and

a cuff coupled to the stent by a plurality of members

having a relaxed state and a tensioned state for orienting at

least a portion of the cuff at least partially disposed on the

abiuminai surface when the plurality of members are in a

relaxed state,

11. The stent assembly of claim 10, wherein at least a

portion of the cuff is arranged at least partially outward of

the proximal end of the stent when the plurality of members

are in the tensioned state,

12. The stent assembly of claim 10, wherein the stent

includes a plurality of runners, and wherein the plurality of

members have a distal end and a proximal end, the distal end

of the plurality of members coupled to one of the runners and



the proximal end of the plurality of members is coupled to a

portion of the cuff,

3 . The stent assembly of claim 10, wherein the cuff is

at least partially disposed on the abluminal surface of the

stent when the plurality of members is in the tensioned state

and relaxed state.

14 The stent assembly of claim 13, wherein the

plurality o f members are attached to the cuff

circumf rentia y along spaced apart longitudinally extending

axes of the stent.

15 The stent assembly o clai 1 wherein the cuff

includes a . distal end and a proximal end., and wherein the

plurality of members include a distal end and a proximal end,

and further including a hollow tube coupled to the proximal

end of the cuff and the p roxim a l ends of the plurality of

members, and an insert comprising at least one of a filler

material or an elongated coiled member disposed within the

hollow tube.

16. The stent assembly of claim. 10, wherein the

plurality of members comprise elas c members or springs .

1 . stent assembly for use in a prosthetic heart valve

for replacing a native valve f comprising;

a stent;

a cuff coupled to the stent having a first orientation

and a second orientation; and

a plurality of members coupled between the stent and.

cuff, the members configured to arrange the cuff between the



first and second orientations,, wherein he members remain

coupled to the stent and cuff after replacement of the native

valve .

18. The stent assembly of claim 17, wherein the stent

defines a lumen, an wherein the cuff when arranged in the

first orientation is disposed within the lumen, and wherein

the cuff when arranged in the second orientation is disposed

circumscribing the stent overlying an abluminal surface

thereof forming a cuff seal.

19, The stent assembly c1aim 7, whe ein the

plurality memb s comp se at least one of a n elastic

member or a coiled member having a tensioned first state and a

relaxed second state.

20. The stent assembly of claim 17, wherein the

plurality of members comprise inverting members which are in a

tensioned state when the cuff is in the first orientation and

a relaxed state when the cuff is in the second orientation,

2 . The stent assembly of claim 7 , wherein the stent

includes a luminal surface defining a stent volume,

22. The stent assembly of clai 2 , wherein the cuff

when in the first o enta on a ged with the ent

volume to provide a low profile prosthetic heart valve.

23. The stent assembly of claim 17, wherein the cuff

includes a distal end and a proximal end, and wherein the

plurality of members include a d ista l end and a proximal end,

and further including a hollow tube coupled to the proximal

end of the cuff and proximal ends of the plurality of members



24. The stent assembly of claim 23, wherein the hollow

tube defines a lu e , and further including an insert disposed

within the lumen comprising at least one of a filler ateri

or an elongated coiled member,

25. The stent assembly of claim 17, wherein at least a

portion of the cuff is at least partially positioned outward

of a proximal end of the stent when arranged in the first

orientation and at least partially disposed on an abluminal

surface of the stent when arranged in the second orientation.

26. A prosthetic heart valve for replacing a native

va , co p ising :

a stent configured to nave a collapsed condition and an

expanded condition, the stent having a luminal surface and an

abluminal surface extending between a distal end and a

proximal end thereof;

a cuff having a portion at least partially disposed on

the luminal surface of the stent, wherein at least a portion

of the cuff having a first orientation extending outwardly of

the proximal end of the stent or at least partially disposed

on the abluminal surface of the stent, and a second

orientation wi a portion of the cuff at lea st partially

disposed on the abluminal surface of the stent;

a valve assembly disposed within the stent, the valve

assembly including a plurality of leaflets; an

a plurality of elongated members having a distal end

coupled to the stent and a proximal end coupled to the cuff at

circumf erentiaiiy spaced apart locations, the plurality of

members having a Pensioned state when the cuff arranged in

the first orientation an a relaxed state when the cuff is

arranged in the second orientation.



27. The prosthetic heart valve of clai 26, wherein the

stent includes a plurality of runners, and. wherei the distal

end of the plurality of members are coupled to the runners.

28. The prosthetic heart valve of clai 26, wherein the

cuff includes a distal end and a proximal end, and further

including a hollow tube coupled to the proximal ends of the

cuff and the plurality of members, and an insert comprising at

least one of a filler material or an elongated coiled member

disposed within the hollow tube,

29. The prosthetic heart valve of claim 2 6 , wherein at

least a portion of the cuff is at. least partially disposed on

the ab u inal surface of the sten t when arranged in the second

orientation and at least partially positioned outward o the

proximal end o the stent whe arranged in the firs

orientation .

30. The prosthetic heart valve of claim. 2 6 , wherein the

cuff is at least partially disposed o the ablum.ina.l surface

of the stent when the plurality of members are in the first

orientation and second orientation.

31. The prosthetic heart valve of claim 2 6 , wherein the

plurality of members comprise at least one of an elastic

member or a . coiled member each having a tensioned first state

and a relaxed second state.
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