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MITRAL VALVE REPLACEMENT TOGGLE CELL SECUREMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of the

filing date of U.S. Provisional Application No. 61/954, 810,

filed March 8 , 2014, entitled "MITRAL VALVE REPLACEMENT

TOGGLE CELL SECUREMENT," the disclosure of which is hereby

incorporated by reference herein.

BACKGROUND

[0002] The present disclosure relates to heart valve

replacement and, in particular, to collapsible prosthetic

heart valves. More particularly, the present disclosure

relates to devices and methods for securing collapsible

prosthetic heart valves within native valve annuluses .

[0003] Prosthetic heart valves that are collapsible to a

relatively s al l 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 nee for a more invasive

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

[0004] Collapsible prosthetic heart valves typically take

the f m of a valve structure mounted on a stent. There are

two 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

generally first collapsed or crimped to reduce its

circumferential size.

[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 fu

operating 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 self-expand i.ng valves, on the other hand,

the stent auto t a y expands as the sheath covering the

valve is withdrawn

BRIEF SUMMARY

[0006] According to one embodiment of the disclosure, a

collapsible and expandable stent extends in an axial direction

from a proximal end to a distal end, The stent may include a

plurality of first cells, each first cell having an open space

defined by a first plurality of struts. The stent may further

include a second cell nested in the open space of one of the

first cells, the second cell being defined by a second

plurality of struts of the stent, The stent may additionally

include first and second connecting struts connecting the

second cell to the one of the first cells. The second cell

may be configured to pivot about the first and second

connecting struts with respect to the one of the first cells.

[0007] According to a further e b odi ent of the disclosure,

a method of delivering a prosthetic heart valve into a patient

may include providing a delivery device including a sheath

extending from a proximal end. to a distal end. The method may

also include advancing the sheath to an implant site within

the patient, the prosthetic heart valve being housed ithin

the sheath i a collapsed condition. The prosthetic heart

valve may have a stent extending in an axial direction from a

proximal end to a distal end with a . plurality of first cells,

each fi rst cell having an open space defined by a first

plurality o struts, and a second ce l nested in the open

space of one of the first cells, the second cell being defined

by a second plurality of struts. The method may further



include retracting the distal en of the sheath with respect

to the prosthetic heart valve until at least a portion of the

second cell clears the distal end of the sheath. The method

may still further include, after at least a portion of the

second cell clears the distal end of the sheath, pivoting the

second cell with respect to the one of the first ce ls to

create a clearance between the second ce l and. an outer

perimeter of the stent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Various embodiments of the present disclosure are

described herein with reference to the drawings, wherein:

[0009] FIG. 1 is a schematic cutaway representation of a

human heart showing a transapical delivery approach;

[0010] FIG. 2 is a schematic representation of a native

mitral valve and associated cardiac structures;

[0011] FIG. 3A is a partial front view of a prosthetic

heart valve according to an embodiment of the disclosure;

[0012] FIG. 3B is an enlarged isolated front view of a

nested cell in an expanded condition within another cell of

the prosthetic heart valve of FIG. 3A;

[0013] FIG. 3C rs an enlarged isolated front view of the

nested cell of FIG. 3B in a collapsed condition;

[0014] FIG. 3D is an enlarged isolated side view of the

nested cell of FIG. 3B pivoted with respect to the other cell;

[0015] FIG. 4A is an enlarged isolated side view of the

nested cell of FIG. 33 in a expanded condition after being

shape-set ;

[0016] FIG. 48 is a longitudinal cross-section a prosthetic

heart valve incorporating a plurality of nested cells of FIG.

4A in an expanded condition;

[0017] FIG. 4C is a longitudinal cross-section of the

prosthetic heart valve of FIG. 4B being deployed from the

de i e de ice ;



[0018] FIG . 4D is a longitudinal cross-section of the

prosthetic heart valve of FIG. Β in a collapsed condition

partially within a delivery device;

[0019] FIG. 4E is a partial schematic representation of the

prosthetic heart valve of FIG. 4B disposed in a native valve

annulus ;

[0020] FIG. 4F is a part a schematic representation of

another embodiment of a prosthetic heart valve disposed in an

native valve annulus;

[0021] FIG. 5A is an enlarged isolated front view of

another embodiment of a nested cell in an expanded condition

within another ce of a prosthetic heart valve;

[0022] FIG. 5B is an enlarged isolated side view of the

nested cell of FIG, 5A in an expanded condition after being

shape-set ;

[0023] FIG. 5C is a longitudinal cross-section a prosthetic

heart valve incorporating the nested cell of FIG, 5A in an

expanded condition;

[0024] FIG. 5D is a longitudinal cross-section of the

prosthetic heart valve of FIG. 5C in a collapsed condition

within a delivery d

[0025] FIG. 5E is a longitudinal cross-section of the

prosthetic heart valve of FIG. 5C being deployed from the

delivery device;

[0026] FIG. 6A is a longitudinal cross-section of a

prosthetic heart valve in a collapsed condition within a

delivery device according to another embodiment of the

disclosure ;

[0027] FIG. 6B is a longitudinal cross-section of the

delivery device of FIG, 6A with a resheathing member in an

extended position;

[0028] FIG. 6C is a longitudinal cross-section of the

prosthetic heart valve of FIG. 6A partially within the



delivery device of FIG. 6A with the resheathing member in an

extended position;

[0029] FIG. 7A is a longitudinal cross-section a prosthetic

heart valve with a resheathing member in a first position;

[0030] FIG. 7B is a longitudinal cross-section of the

prosthetic heart valve of FIG, 7Ά with the resheathing member

in a second position;

[0031] FIG, 8A is an enlarged isolated front view of an

embodiment of a nested cell in an expanded condition within

another cell of a prosrhetic heart valve;

[0032] FIG, 8B is an enlarged isolated front view of the

nested cell of FIG. 8A within the other cel of the prosthetic

heart valve in a collapsed condition;

[0033] FIGS. 8C-E are enlarged isolated perspective views

of the nested cell of FIG. 8A in different stages of pivoting

with respect to the other cell of the prosthetic heart valve

in the collapsed condition; and

[0034] FIG. 9 is an enlarged isolated front view of another

embodiment of a nested cell in a collapsed condition within

another cell of a prosthetic heart valve.

DETAILED DESCRIPTION

[0035] In conventional collapsible heart valves the stent

is usually anchored within the native valve annulus via the

radial force exerted by the expanding stent against the native

valve annulus. If the radial force is too high, damage ay

occur to heart tissue. If, instead, the radial force is too

low, the heart valve may move from its implanted position.

For prosthetic mitral valves, for example, the implanted valve

may move into either the left ventricle or the left atrium,

requiring emergency surgery to remove the displaced valve.

Moreover, in certain appl cat ons, such as mitral valve

replacement, the heart valve may require a lower profile so as

not to interfere with surroundina tissue structures. Such a



low profile may make it difficult for the valve to remain in

place. Other designs may include hooks or similar features

that passively engage tissue until tissue ingrowth is

es ab she

[0036] In view of the foregoing, there is a need for

further improvements to the devices,, systems, and methods for

prosthetic heart valve implantation and the anchoring of

collapsible prosthetic heart valves, and in particular ,

self-expanding prosthetic heart valves, Among other

advantages, the devices, systems and methods of the present

disclosure may address one or more of these needs,

[0037] Blood flows through the mitral valve from the left

atrium to the left ventricle. As used herein, the term

"inflow end, " when used in connection with a prosthetic mitral

heart valve, refers to the end of the heart valve closest to

the left atrium wh en the heart valve is implanted in a

patient, whereas the term. "outflow end," when used in

connection with a prosthetic mitral heart valve, refers to the

end of the heart valve closest to the lef ventricle when the

heart valve is implanted in a patient. Further, when used

herein with reference to a de very device, the terms

"proximal" and "distal" are to be taken as relative to a user

using the device in an intended manner. "Proximal" is to be

understood as relatively close to the user and "distal" is to

be understood as relatively farther away from the user. Also,

as used herein, the te ms "substantially, " "generally, " and

"about" are intended to mean that slight deviations from

absolute are included within the scope of the term so

modified .

[0038 FIG . 1 is a schematic cutaway representation of

human heart 100. Heart 100 includes two atria and two

ventricles: right atrium 112 and left atrium 122, and right

ventricle 114 and left ventricle 124 Heart 00 further



includes aorta 10, and aortic arch 120. Disposed between

le t atrium 122 and left ventricle 124 is mitral valve 130.

Mitral valve 130, also known as the bicuspid valve or le

atrioventricular valve, is a dual-flap that opens as a result

of increased pressure in left atrium. 122 as it fills with

blood, As atrial pressure increases above that. of left

ventricle 124, it al valve 130 opens and bl o passes into

left ventricle 124. Blood flows through heart 100 in the

direction shown by arrows "B" .

[0039] A dashed arrow, labeled "TA" , indicates a

transapical approach of implanting a prosthetic heart valve,

in this case to replace the mitral valve, In transapical

delivery, a small incision is made between the ribs and into

the apex of left ventricle 124 to deliver the prosthetic heart

valve to the target site. A second dashed arrow, labeled

"TS", indicates a transseptai approach of implanting a

prosthetic heart valve in which the valve is passed through

the septum between right atrium 112 and left atrium 22 ,

Other percutaneous approaches for implanting a prosthetic

heart valve are also contemplated herein.

[0040] FIG. 2 is a more detailed schematic representation

of native mitral valve 130 and its associated structures. As

previously noted, mitral valve 130 includes two flaps or

leaflets, posterior leaflet 136 and anterior leaflet 138,

disposed between left atrium 122 and left ventricle 124.

Cord-like tendons, known as chordae tendineae 134, connect the

two leaflets 136, 36 to the medial and lateral papillary

muscles 132, During atrial systole, blood ows from higher

pressure in left at ium 122 to lower pressure i left

ventricle 12 4 . When left ventricle 124 contracts in

ventricular systole, the increased b ood pressure the

chamber pushes leaflets 136, 138 to close, preventing the

backflow of blood into left atrium 22 . Since the blood



pressure in left atrium 122 is ranch lower than that i left

ventricle 124 leaflets 136, 138 attempt to evert to the low

pressure regions. Chordae tendineae 13A prevent the aversion

by becoming tense, thus pulling on leaflets 136, 138 and

holding them in the closed position.

[0041] F G . 3A is a side v ew of prosthetic heart valve 300

in accordance with one embodiment of the present disclosure.

FIG. 3A illustrates prosthetic heart valve 300 in a relaxed

condition. Prosthetic heart valve 3 0 is a collapsible

prosthetic heart valve designed to replace the function of the

native mitral valve of a patient (see native mitral valve 130

of FIGS. 1-2 . Generally, prosthetic valve 300 has inflow end

310 and outflow end 312, Prosthetic valve 3 0 may have a

substantially cylindrical shape and may include features for

anchoring it to native heart tissue, as will be discussed in

more detail below. When used to replace native mitral valve

130, prosthetic valve 300 may have a low profile so as not to

interfere with atrial function in the native valve ann s.

[0042] Prosthetic heart valve 300 may include stent. 320,

which may be formed from biocompatible materials that are

capable of self-expansion, such as, for example, shape memory

alloys including Nitinol. Stent 320 ay include a plurality

of struts 322 that form cells 324 connected to one another in

one or more annular rows around the stent. Generally,

cells 324 may all be of substantially the same size around the

perimeter and. along the length of stent 32 0 . Alternatively,

cells 32-1 near ow end 310 may be larger than the ce ls

near outflow end 312. Stent 320 may be expandable to provide

a radial force to assist with positioning and stabilizing

prosthetic heart valve 300 in the native valve annulus.

[0043] Prosthetic heart valve 300 may a so include a

generally cylindrical cuff 326 which may facilitate attachment

of a valve assembly, described in more detail below, to stent



320. Cuff 326 may be attached to a least some struts 322,

for example with sutures 328.

[0044] Stent 320 may include one or more nested cells 330.

Nested cells 330 may facilitate the clamping of a native valve

leaflet, such as posterior leaflet 36 and/or anterior leaflet

138 of mitral valve 130, upon implantation of prosthetic valve

300. One nested cell 330 is illustrated in greater detail in

FIGS, 3Β-Ό. In particular, FIGS. 3B-C illustrate cell 330

nested within a cell 324 of stent 320 in the expanded

condition and the collapsed condition, respectively, with the

remainder of prosthetic heart valve 300 omitted. In this

embodiment, cell 324 may be thought of as being formed of four-

struts, including a first pair of generally parallel struts

324a-b and a second pair of generally parallel struts 324c-d.

In the aggregate, struts 324a-d form generally a diamond shape

when in the expanded condition. Nested cell 330 has a shape

similar to ceil 32 4 , and may also be thought of as being

formed of four struts 330a-d, with a first pair of generally

parallel struts 330a-b and a second pair of generally parallel

struts 330c~d that, in the aggregate, form generally a diamond

shape when in the expanded condition. Ceil 330, defined by

struts 33Ga-d, is nested substantially within the perimeter of

the struts 324a-d forming cell 324.

[0045] Nested cell 330 may be connected to cell 324 by

connecting struts 332 and 334. Connecting struts 332 and 334

may each be relatively short struts that extend from cell 324

to nested cell 330 along a midline M of the ceils. In this

configuration, nested ce l 330 may rotate or pivot about

connecting struts 332 and 334 with respect to cell 324 , as

described be low . For example, a side view of ce l 324 and

nested ce l 330 in the collapsed condition is illustrated in

FIG. 3D. Nested ce l 330 is shown as rotated with respect to



cell 324 about connecting struts 332 and 334 (not visible n

FIG. 3D) .

[0046] The ability of nested cell 330 to rotate with

respect to cell 324, in combination with the shape me ory

property of stent 320 , may help provide a number of different

actions of nested cell 330 during delivery and deployment of

prosthetic valve 300. For exa pl , FIG. 4A illustrates nested

cell 330, with ce l 324 in phantom lines an the remainder of

prosthetic heart valve 300 omitted . In this configuration,,

nested cell 330 is illustrated after it. has been shape-set,

for example by heat setting, so that struts 330d and 330b

s rut 330d not visible in FIG. ) are angled radially

outwardly with respect to struts 330a and 330c (strut 330a ot

visible in FIG. ) . The term "angled radially outwardly"

includes substantially straight flaring in the radially

outward direction as well as a curved flaring in the radially

outward direction. With this shape setting, nested cell 330

tends to revert to the illustrated condition when no external

forces are applied to stent 320. One benefit of this

particular configuration becomes clearer when viewed in the

context of the use of a pair of nested cells 330 with a sheath

390 of a mitral valve delivery device.

[0047] FIG. 4B illustrates a longitudinal cross-sectional

view of prosthetic heart valve 30 in the expanded condition.

In this embodiment, prosthetic heart valve 300 may also

include a substantially cylindrical valve assembly 360

including a pair of leaflets 362 and 364 attached to a cuff

326 (best illustrated in FIG. 3A) . Leaflets 362 and 364

replace the function of native mitral valve leaflets 136

and 138 described above with reference to FIG. 2 . That is,

leaflets 362 and 364 coapt with one another to function as a

one-way valve. Leaflets 362 and 364 may be wholly or partly

formed of any suitable biological material, such as bovine o



porcine pericardium, or polymers, such as

polytetraf luoroethylene (PTFE) ure tha s and the like. Stent

320 may include a pair of nested cells 330 substantially

diametrically opposed to one another. ! ch of nested cells

330 is shape-set as described in connection with FIG. 4A. A s

illustrated in FIG. 4B, proximal struts 330b and 330 ά extend

radially outwardly and proxim .y from stent. 32 0 . Distal

struts 330a and 330c are substanti ally aligned within the

cylindrical shape of stent 320, so that they are r o t readily

visible in FIG. B .

[0048] FIG. 4C is a longitudinal cross-sectional view of

prosthetic valve 300 in a collapsed condition and loaded into

sheath 390 o delivery device. Mitral valve delivery

devices are known in the art and only sheath 390 is

illustrated to facilitate the explanation of a function of

nested cells 33 . Sheath 390 may be in the form of a

generally cylindrical tube extending from a proximal end (not

illustrated! to a distal end 392. Although distal end 392 of

sheath. 390 is illustrated as an open end, additional structure

would generally be provided along with the remainder of the

delivery device to allow distal end 392 to be closed during

delivery. During replacement of native mitral valve 130 with

prosthetic valve 300, prosthetic valve 300 is first crimped or

otherwise collapsed and secured near distal end 392 of sheath

390, Although a gap is shown between the outer diameter of

prosthetic heart valve 300 and the inner diameter o sheath

390, this is meant to provide clarity and, in practice, some,

if not all, of stent 320 of prosthetic heart va ve 330 would

be in direct contact with the inner surface of sheath 390.

This contact. restricts prosthetic heart valve 300 from

expanding, while simultaneously causing nested cells 33 to be

generally aligned with the outer circumference of stent 32 0 .

In other words, although proxim al struts 330b and 330d of each



nested cell 330 are shape-set to extend radially outwardly

from stent 320, the inner diameter of sheath 390 constrains

proximal struts 330b and 33 so that they generally align

with the remainder of the collapsed stent. This constraint of

proximal struts 330b and 300d creates a rotational stress in

connecting struts 332 and 334. However, because nested cell

330 is constrained from rotating radially outwardly while

within sheath 390, this rotational force on connecting struts

332 and 334 does not result any significant movement of any

of struts 330a-d.

[0049] During delivery of prosthetic valve 300, for example

b a transapical route to native mitral valve 130, distal end

392 of the de ve y device is advanced until it is near the

site of implantation. Once positioned as desired, sheath 390

is retracted proximal y relative to prosthetic heart valve

300, as illustrated in FIG, 4D. As the retraction of the

sheath continues, more of prosthetic heart valve 300 is

exposed, reducing the constraint caused by the sheath. As

this constraint is reduced or released, stent 32 begins to

revert to its shape-set expanded condition (not shown in FIG.

4D) , s distal end 392 of sheath 390 begins to retract

proximal y past nested cells 33 , the stored rotational stress

in connecting struts 332 and 334 causes distal struts 330a and

330c to rotate radially outwardly about connecting struts 332

and 33 . This motion releases the stored rotational stress

and creates a rotational stress in the opposite direction in

connecting struts 332 and 334. Additionally, the outward

rotation of distal struts 330a and 330c. creates a clearance

space between the distal struts and the outer perimeter of the

remainder of stent 320. During deployment of prosthetic heart

valve 300 within the annulus of native mitral valve 130,

prosthetic heart valve 300 may be positioned relative to the

native mitral valve such that posterior leaflet 136 and



anterior leaflet 138 of mitral valve 130 are each positioned

in one of these clearance spaces. For example, this may be

accomplished by advancing prosthetic heart valve 300 distal

once the clearance space has been created. As sheath 390 is

retracted further proximal y beyond the remainder of nested

ceils 330, the stored rotational stress connecting struts

332 and 334 causes nested cells 330 to attempt to revert back

to the shape- set con gurat n illustrated in FIG, 4A.

[0050] If prosthetic valve 300 is positioned properly, as

nested ce ls 330 attempt to revert back to their original

shape-set configuration, posterior leaflet 3 wil be clamped

between stent 320 and distal struts 330a and 330c of one of

the nested cells and anterior leaflet 138 will be clamped

between stent 320 and the distal struts of the other nested

ce , as illustrated in FIG, 4E. It should be noted that, if

no positioned properly, prosthetic heart valve 300 may be

resheathed into sheath 390 as long as nested ceils 330 have

not been fully exposed. If nested cells 330 were fully

exposed, proximal struts 330b and 33 ά of each nested cell

would protrude radially outwardly, interfering with the

ability of stent 320 to retract back into sheath 390. Rather,

distal end 392 of sheath 390 would catch on protruding

proximal struts 330b and 330d. The above-described clamping

mechanism may provide a sturdy securement of prosthetic heart

valve 300 to native mitral valve 130. Other known mechanisms

for securing a prosthetic valve to a native valve may provide

less robust connections, which may result in relative motion

between the prosthetic valve and the native valve during n

vivo operation, particularly during the time period prior to

tissue ingrowth. The above-described clamping mechanism, on

the other hand, ay reduce or eliminate relative motion

between prosthetic heart valve 300 and native mitral valve 130

from the moment of implantation.



[0051] A number of other components known for use with

prosthetic valves ay be provided but have not been

illustrated herein for clarity. For example, the embodiment

of prosthetic valve 300 described above for use in replacement

of native mitral valve 130 may include a braided seal 395,

illustrated in F G . , that facilitates holding prosthetic

valve 300 on the atrial side of the mitral valve an lu .

This and other types of braided stents are described more

fully in, for example, U.S. Provisional Patent Application No.

61/836,427 titled "ANCHORED MITRAL VALVE PROSTHESIS," filed on

June 18, 20 3 .

[0052] Similarly, a number of variations of the components

described above are still within the scope of the present

disclosure. For example, although a prosthetic heart valve

has been described with two nested cells o substantially

diametrically opposite portions of the prosthetic valve, more

or fewer nested cells may be provided. For example, one,

three, four or more nested cells may be u sed as desired.

Generally, it may be useful to use a number o nested cells at

least equal to the number of leaflets i the native valve to

be replaced. For example, at leas three nested cells may be

particularly useful for a . prosthetic heart valve that is to

replace a tricuspid or aortic valve. However, it should be

understood that any number of nested cells may be appropriate

for a va lv e with any number of native leaflets, and the nested

cells need not be equally spaced around the circumference of

the prosthetic valve. Further, although struts of the nested

cel are described as "angled" radially outward, this also

includes a configuration in which struts are curved outwardly,

An outw d curve may be less likely to dig into an inner wall

of a delivery device when the stent is in the collapsed

condition compared to a straight angle. For example, a small

or slight curve at the end of a nested cell may reduce the



tendency of the nested cell to dig into the delivery device

during delivery, and may also help minimize deploym ent forces,

[0053] A partial ce l 43 nested within a cell 424 of a

prosthetic heart valve 400 in the expanded condition is

illustrated in FIG. 5A. n FIG. 5A, on y cel 424 and nested

partial cell 430 are illustrated. In this embodiment, as in

prosthetic heart valve 300, cell 424 ma.y be thought of as

being formed of four struts, including a first pair of

generally parallel struts 424a-b and a second pair of

generally parallel struts 424c-d, In the aggregate, struts

a-d for generally a diamond shape when in the expanded

condition. Nested partial cell 430, however, takes the form of

a half or partial cell, generally following a shape similar to

the upper or distal half of cell 424, Nested partial cell 430

may be thought of as being formed of two struts 430a and 430c

that, in the aggregate, form generally a half or partial

diamond shape whe in the expanded condition. As in

prosthetic heart valve 300, nested partial cell 430 may be

connected to cell 424 by connecting struts 432 and 434. In

this configuration, nested partial ce 430 may rotate or

pivot about connecting struts 432 and 434 with respect to cell.

424. In addition, nested partial ceil 430 may include a

through hole, such as an aperture or eyelet 435, Eyelet 435

may be positioned at a distal end of nested partial ce 430

where strut 430a meets strut 430c, but other positioning may

be acceptable. A s is described below, in certain embodiments,

eyelet 435 enables a user to manipulate nested partial cell

430 during valve deployment.

[0054] FIG. 5B illustrates nested partial cell 430 after it

has been shape-set in one particular configuration with cell

424 in phantom lines and. the remainder of prosthetic heart

valve 400 omitted. n this configuration, distal struts 430a

and 430c (strut 430a not visible in FIG. 5B are angled



radially inwardly with respect to cell 424. With this shape

setting, nested partial cell 430 tends to revert to the

illustrated condition when no external forces are appl e .

[0055] FIG. 5C illustrates a longitudinal cross -sectional

view of prosthetic heart valve 400 in the expanded condition.

Prosthetic heart val e 400 may be the same as prosthetic heart

valve 300 in all respects other than nested partial cells 430.

Stent 420 of prosthetic heart valve 400 may include a pair o

nested partial cells 430 subst.antia.iiy diametrically opposed

to one another. Nested partial ce ls 430 are each shape-set

as described in connection with FIG, 5E. A s illustrated in

FIG. 5C, distal struts 430a and. 430c extend radially inwardly

d . d sta 1.1 y r m ste . 420 ,

[0056] FIG, 5D is a longitudinal cross-sectional view of

prosthetic valve 400 in a collapsed condition and loaded into

sheath 490 of a delivery device. Sheath 490 may be

subs an a y the same sheath 3 90, having the form f a

generally cylindrical tube extending from a proximal end (not.

illustrated) to a distal end 492 The delivery syste ay

a so include one or more connectors, such as pull wi s or

sutures S , connected o eyelets 435 (see FIG. 5Ά ) of nested

partial cells 430. Each suture S may be threaded through a

corresponding eyelet 435 to form a oop at. the distal end of

each nested partial cell 43 with two strands of the suture

extending proximally through sheath 490. Sutures S may extend

proximally, preferably between the outer circumference of

prosthetic valve 400 and the inner c cum erence of sheath

490, so that their proximal ends are positioned outside the

patient for manipulation by the user. Although sutures S are

illustrated as freely extending prox.ima.liy, it should be

understood that other structures, such as guide lumens, may be

used in conjunction with sutures .3. In a variant hereof,

partial cell 430 may not be provided with any eyelets 435. In



such variant, a length of suture S may be looped around one or

ore of struts 430a and 430c a t the distal end. of partial cell

430, with the two strands of the suture extending proximal y

through sheath 4 .

[0057] As prosthetic valve 40 is deployed, typically by

retracting sheath 49 nested partial cells 430 beco e clear

of the constraint of sheath 490. Once nested partial cells

430 are clear of sheath 490 the user ay manipulate sutures

S , for example by manually pulling them proxinially, to cause

ne ed partial ce s 30, and particularly distal s t 430a

and 430c, to open radially outwardly, as shown in FIG. 5E,

creating clearance spaces between the distal struts and the

outer perimeter of the remainder of s ent 420. A s described

in relation to previous embodiments, once nested partial ce ls

430 extend radially outwardly, prosthetic heart valve 400 may

be positioned so that posterior leaflet 136 and anterior

leaflet 138 of native mitral valve 130 are each positioned in

one of these clearance spaces. Once in the desired position,

the user may release tension on sutures S so that distal

struts 430a and 430c begin to revert to their radially

inwardly extending shape-set position. If prosthetic valve

400 is positioned properly, posterior leaflet 136 will be

clamped between stent 42 and distal struts 430a and 430c of

one of the nested partial cells and anterior leaflet 138 will

be clamped between stent 42 0 and the distal struts of the

other nested partial.

[0053] It should be noted that, if prosthetic valve 400 is

not positioned properly, the user again pull sutures S

proxirttally to move distal struts 430a and 430c radially

outwardly so that the prosthetic heart valve m a be

repositioned. A s long as sutures S are connected to nested

partial cells 430 and prosthetic heart valve 400 has not been

entirely released from sheath 490, prosthetic heart valve 400



may be resheathed if desired. Once nested partial cells 430

are clamped i a desired position, the user ma pull one

strand of eac suture S proximally to remove sutures S from

the patient.

[0059] It should be understood that variations may be made

to prosthetic heart valve 400 described above. For example,

although distal struts 430a and 430c are described as being

shape-set so that they t en d to bend radially inwardly, other

shape-setting may also function suitably. For example, distal

struts 430a and 430c may be shape-set so that they generally

align within the cylindrical shape of stent 420 when no force

is applied. Also, eyelet 435 m be replaced with other

structures that may provide similar functionality. For

example, struts 430a and/or 430c may have ridges, flanges,

extensions, or other structures around which sutures S are

wrapped. However, eyelet 435 may provide for a more secure

connection to sutures S than these alternatives. Additionally,

although sutures S are described as being manipulated manually

by a . user, sutures S may be connected at their proximal ends

to other structures, such as a sliding mechanism in a handle

of the delivery device, to facilitate proximal and distal

movement of sutures S . Similarly, sutures 3 may be attached

to nested partial ce ls 430 without the use of an eyelet 435,

Still further, a ful cell, such as cell 330 described in

connection to FIG. 3B, may be used with an eyelet in a similar

fashion as described in connection to nested partial cell 430.

[0060] FIG. 6A is a longitudinal cross-sectional view of

prosthetic valve 300 in a collapsed condition and loaded into

sheath 590 of a delivery device. Prosthetic valve 300 is the

same as that described in connection with FIGS. 3A-4B and with

nested cells 330 shape-set as described in connection with

FIG. 4A, Sheath 590 may be substantially the same as sheaths

390 and 49 , having the form of a generally cylindrical tube



extending from a proximal end (not illustrated) to a distal

end 592. The delivery system may also include one or more

resheathing members, such as arms 5.95. Each a 595 may

extend from the proximal end of sheath 590 toward distal end

592. n FIG, 6A, arms 595 are illustrated in a proximal or

retracted condition in which a distal end of each arm is

positioned within sheath 590, preferably between the outer

circumference of prosthetic valve 300 and the inner

circumference of sheath 590. The proximal end of each arm 595

may extend far enough proximally to be positioned outside the

patient's body so that a user may manipulate each arm 595, for

example by pushing or pulling the arm. The arms 595 may

alternately be connected to a handle or other portion of the

delivery device to facilitate manipulation of the arms.

[0061] The structure of arms 595 is best illustrated in

FIG, 6B, which illustrates sheath 590 with arms 595 in a

distal or extended condition, with prosthetic valve 300

omitted from the figure. Arms 595 may be transitioned from

the retracted condition shown in FIG. . to the extended

condition shown in FIG. 6B by proximal movement of sheath 590

relative to arms 595, for e a p by retraction of sheath 590

with respect to arms 595, The distal portion 596 of each arm

595 may include an outwardly flared segment 597 with a finger

598 canted radially inward at its distal end. Each arm 595

may be formed a shape m em y alloy such as itino shape-

set such that distal portion 596 takes the illustrated shape

upon transitioning to the extended condition. While arms 595

take this shape when in the extended condition,, arras 595,

including distal portion 596, are substantially linear when in

the retracted condition.

[0062] The function of arms 595 is best illustrated with

respect to FIG. 6C, which shows sheath 0 w h arms 595 in

the extended condition along with prosthetic valve 300 in a



partially expanded condition. n particular, sheath 590 has

been retracted such that prosthetic valve 300 takes a similar

form as illustrated in FIG, 43, with proximal struts 330b and

330d having already cleared distal end 592 of sheath 590,

However, unlike the fully expanded condition illustrated in

FIG. 4B, prosthetic valve 300 is only partially expanded in

FIG. 6C. At this point, if prosthetic valve 30 is positioned

properly distal struts 330a and 330c of each nested cell 330

wi l have clamped one of the native mitral valve leaflets. If

the position is satisfactory, the user may withdraw arms 595

until the distal portion 596 of each arm is positioned within

sheath 590, at w ch point the delivery device may be removed

from the patient. However, if the position of prosthetic

valve 30 is not satisfactory, the user may advance sheath 590

distal l.y with respect to prosthetic valve 300, keeping ar s

595 stationary relative to the prosthetic valve. As sheath

590 advances distaily, it compresses or flattens flared

segments 597 and fingers 598 of arms 595 inwardly, which i

turn causes proximal struts 330b and 330d of nested ceils 330

to compress inwardly toward the remainder of stent. 320 . Once

sheath 590 surrounds proximal struts 330b an 330d, the

clamping action of distal struts 330a and 330c on the native

mitral valve leaflets will be released, allowing the user to

reposition prosthetic heart valve 30 as desired.

[0063] FIG. 7A is a longitudinal cross-sectional view of

prosthetic heart valve 300 i the expanded condition along

with a position controlling component , with nested cells 330

shape-set as described in connection with FIG. AA. The

position controlling component may be in the form of a band

600, for example. Band 600 may be a strip of material, such

as a fabric or a shape-memory alloy, that encircles prosthetic

heart valve 300. In particular, band 600 may be positioned at

or close to the point at which distal .struts 330a. and 330c of



nested cells 330 transition to proximal struts 330d and 330b,

respectively. In other words, band 600 may be positioned such

that it extends generally across midline M of nested cells 330

and connecting struts 332 and 334 (Fig, 3B) which act as pivot

points for nested cells 330.

[0064] Band 600 may include one, two, or ore connectors

610 Connectors 610 may be push/pull wires having sufficient

strength and stiffness to transmit force to band 600 in both a

pulling (proximal) and pushing (distal) direction. Each

connector 610 has a distal end op at el attached to band

600, a proximal end (nor. illustrated), and a length such that,

when prosthetic heart valve 3 0 is at the site of

implantation, the proximal end of each connector 610 lies

outside the patient's body and may be manipulated by the user.

The proximal end of each connector 610 may be free for manual

manipulation, or attached to a handle or other portion of the

delivery device, such as a slider, to facilitate manipulation

of connectors 610. The distal ends of each connector 610 may

be threaded, for example,. with a corresponding connector

portion on band 600 also being threaded .

[0065] The delivery of prosthetic valve 300 with band 600

may be accomplished mostly identically to the procedure

described in connection with FIGS. 4C-E . During delivery of

prosthetic valve 300, band 600 is in a first position, at or

close to the point at which distal struts 330a and 330c of

nested cells 330 transition to proximal struts 330d and 330b,

respectively. Band 600 may alternately encircle proximal

struts 330b and 330d in the first position. A s the sheath of

the delivery device is retracted prox.im.aliy relative to

prosthetic valve 300, the prosthetic valve begins to expand to

its circumferential shape. Band 600 w i also begin to take a

circumferential shape, either by self -expansion or due to



expansion of prosthetic heart valve 300 which the band

encircles ,

[0066] After prosthetic valve 300 has been partially

released from a sheath (not illustrated in FIG. 7A , such that

a portion of prosthetic valve 300 remains within the sheath

but nested cells 330 are clear of the sheath, distal struts

330a and 330c. extend radially outwardly, as illustrated in

FIG. 7A, This is possible because band 600 encircles proximal

struts 330b and 330d, causing the distal struts to be pivoted

outwardly. positioned properly, at this point the native

m itra l valve leaflets are positioned within the gap between

distal struts 33 b , 330d, and the remainder of prosthetic

heart valve 300. The user may then advance band 600 dis tally

with respect to stent 320 using connectors 610. As band 600

advances dis tally to a second position, it encircles distal

struts 300a and 330c, causing them to pivot inwardly and clamp

the native leaflets, as shown in FIG. 7B.

[0067] If at this point the positioning of prosthetic heart

valve 3 is not to the user's satisfaction, the user may pull

connectors 610 proximally, resulting in the proximal movement

of band 600 back to the first position. As band 6 0 moves

proximally relative to prosthetic heart valve 300, it forces

proximal struts 33 and 330b radially inwardly, which turn

causes distal struts 330a and 330c to pivot radially

outwardly, releasing the clamping force on the native mitral

valve leaflets. Then, prosthetic heart valve 30 may be

resheathed, and deployment of prosthetic valve 300 may be

a empted again. Once a satisfactory deployment has been

completed, the user may unscrew connectors 10 from band 600

by rotating them. Once disconnected, connectors 610 and the

remainder of the delivery system may be removed from the

patient, leaving prosthetic heart valve 300, along with band

600, permanently implanted in the patient.



[ SS] Although nested cells 330 and 430 have bee

described above with respect to particular configurations, it

should be understood that other configurations are within the

scope of this disclosure. For example, FIGS. 8A-B illustrate

an alternate embodiment of a ce 330' nested within ceil 324

o stent 320 in the expanded condition and the collapsed

condition, respectively, with the remainder of prosthetic

heart valve 300 omitted for clarity. In this embodiment ,

proximal struts 330b' and 330d' connect to cell 324 a

connection points 332' and 334' , respectively. Connection

poin s 332' and 334' may be thicker than connection points 332

and 334 of nested cell 330 . For connection points 332 and 334

to act as pivot points, the material forming the connection

points may need to be relatively t in to allow for the

requisite twisting of the connection points . Howev , this

twisting ma create a relatively large am ount of torsion

and/or stress on connection points 332 and. 33 , which .may be

undesirable . Connection points 332' and 334' may be thicker

to reduce the torsion an /or stresses on the connection

points, but this may also reduce o eliminate the abi ty of

connection points 332' and 334 ' to twist to create the

pivoting motion described in connection to ce l 330' . As s

described greater detail below, a pivoting o rocking

motion can be achieved with thick connection points 332' and

334' by attaching distal struts 330a' and 330c' directly to

proximal struts 330d' and 330b' , respectively, rather than to

connection points 332' and 334' .

[0069] A s noted above , proximal strut 330d' connects to

distal strut 330a' at first connection point 333' spaced

proximally f connection point 332' , while proximal strut

330b' connects to dis al strut 330c' at second connection

point 335' spaced proximaliy of connection point 334' . Once

shape-set, for example in a similar manner as described in



connection with FIG. 4A, radially inward pivoting or

compression of proximal struts 330b' and 330d' cause those

struts to rotate, or pivot, about connection points 332' and

334' . However, because of the thickness of connection points

332' and 334' , they experience relatively little twisting and

low stresses. Further, as proximal struts 330b' and 330 ά ' are

compressed or pivoted radially inwardly, fi rst connection

point 333' and second connection point 335' also move toward

the plane of cell 324. Because distal struts 330a' and 330c'

extend from first connection point 333' and second connection

point 335' , respectively, distal struts 330a' and 330c' rotate

radially outward from the plane of cell 324 as proximal struts

330b' and 330c' move toward the plane of ce l 324. This

otio i s ate F GS . C- .

[0070] In the particular embodiment illustrated in FIGS.

-E , distal struts 330a' and 330c' may be capable of rotating

or pivoting a relatively large disr.ance from the plane o cell

324. By moving connection points 333' and 335' proximaily of

connection points 332' and 334', proximal struts 330b' and

330d' may be shorter in the axial or length direction than

distal struts 330a' and 330c' , without significantly affecting

the shape of cell 324. In other words, connection points 332'

and. 334' are positioned substantially at the midline of cell

324, while the connection points 333' and 335' are axially

offset from the connection points 332' and 334', A s

illustrated in FIG. SB, when in the collapsed condition,

proximal struts 330b' and 330d' have an axial length of 2

which is less than the axial length of distal struts 330a'

and 330c' .

[0 1] A s noted above, proximal struts 330b' and 330d' may

be shape- set such that, in the absence of applied force, they

each extend radially outwardly from prosthetic heart valve

300. Distal struts 330a' and 330c' may be shape-set such



that; in the absence of applied force, they each generally

align within the cylindrical shape of stent 320. Daring

deployment of prosthetic valve 300 in a manner similar r

identical to that described in connection with FIGS. 4C-E, the

smaller axial length 2 of proximal struts 33Gb' and 330d'

compared to the axial length L j. of distal struts 330a' and

330c' may provide a greater amount of pivoting than might be

seen if the axial length of the proximal struts and distal

struts were equal. This additional pivoting motion may

facilitate clamping of the native mitral valves.

[0072] It should be understood that, when using relatively

thick connection points between a first ce l and a second cell

nested within the first ce l, the con gurat may vary from

that described in connection with FIGS. 8A-E. For example,.

FIG. 9 illustrates another embodiment of a ce 330' ' nested

within cell 324 in a collapsed con gura on Nested cell

330' ' is similar to nested cell 330' in a number of ways. For

example, distal strut 330a' ' connects to proximal strut 330d' '

at. first connection point 333' ', while distal strut 33 ''

connects to proximal strut 330b' ' at second connection point

335'' . Further, proximal strut 330d' ' connects to cell 324

at. connection point 332' ' and proximal strut 330b' ' connects

to cell 32A at connection point 334' '. However, in this

embodiment connection points 332'' and 334'' are not

positioned substantially at the midline of ceil 324 , but are

rather connected to proximal struts 324a and 324c,

respectively. In this configuration, proximal struts 330b' '

and 330d' ' have an axial length that is substantially the

same as the axial length L of distal struts 330a' ' and 33c' ',

As should be apparent, a variety of configurations may be

possible to suit a particular purpose without deviating from

the concepts disclosed herein.



[0073] According to one embodiment of the disclosure, a

collapsible and expandable stent extending in an axial

direction from a proximal end to a distal end comprises: a

plurality of first ceils, each first cell having an open space

defined by a first plurality of struts; a second cell nested

in the open space of one of the first cells, the second cell

being defined by a second plurality of struts; and first and

second connecting struts connecting the second cell to the one

of the first cells; wherein the second cell is configured to

pivot about the first and second connecting struts with

respect to the one of the first ceils; and/ or

a pulling member ope bly connected to at least one of

the second plurality of struts; and/ or

a aperture n the at least one of the second plurality

of struts, the pulling member being threaded through the

apertur ; a .nd /or

the second plurality o struts includes a first strut, a

second strut, a third strut, and a fourth strut, the first and

second struts each being positioned closer to the proximal end

of the stent than the third and fourth struts; and/ r

the first strut is connected to the third strut at a

first connection point and the second strut is connected to

the fourth strut at a second connection point , the first and

second connection points being offset in the axial direction

from the first and second connecting struts; and/or

the first and second struts each has a length in the

axial direction which is smaller than a length in the axial

direction of each of the third and fourth struts; and/or

the second plurality of struts includes a first strut, a

second strut, a third strut, and a fourth strut, the first

strut being connected to the first ce l via the first

connecting strut, the second st ru t being connected to the

first strut and being connected to the first cell via the



second connecting strut, the third strut being connected to

the first strut, and the fourth strut being connected to the

third strut and to the second strut; and/or

the one of the first cells defines a surface and the

second cell includes first and second struts that do n t lie

within the surface when no external force is applied to the

stent; and/or

the second ceil includes third and fourth struts that lie

within the surface when no external force is applied to the

stent; an /or

a band applied about a circumference of the stent and

movable relative to the stent in the axial direction and a

pu l wire opera i connected to the band; and/or

the pull wire is threadedly connected to the band;

a d./or

the pull wire is operable to transmit force to the band

to move the band relative to the stent in a proximal axial

direction and in a distal axial direction; and/or

a prosthetic heart valve may comprise the above-described

collapsible and expandable stent and a collapsible and

expandable valve assembly disposed within the stent and having

a plurality of leaflets.

[0074] According to another embodiment of the disclosure, a

method of delivering a prosthetic heart valve into a patient

comprises: loading the prosthetic heart valve into a delivery

device in a collapsed condition, the delivery device including

a sheath extending from a proximal end to a distal end, the

prosthetic heart valve including a stent extending in an axial

direction from a proximal end to a distal end and. having a

plurality of first cells, each first cell having an open space

defined by a first plurality of struts, and a second cell

nested in the open space of one of the first cells, the second

cell being defined by a second plurality of struts; advancing



.h e sheath to an implant site within the patient; retracting

the sheath with respect to the prosthetic heart valve until at

least a portion of t e second ceil is positioned outside of

the sheath; and pivoting the second cell with respect to the

one of the first cells to create a . clearance space between the

second ceil and an outer perimeter of the s ent; and/or

the pivoting step includes proximally pulling a pulling

member ope.rab.ly connected to at least one of the second

plural t o strut ; /

the one of the first cells defines surface and the

second ceil includes first and second struts that do not lie

withi the surface when no force is applied to the stent;

an /or

the second cell includes third and fourth struts that lie

within the surface when no force is applied to the stent;

and/ r

the step pivoting step includes retracting the sheath

with respect to the prosthetic heart valve until at least a

portion of the third and fourth struts is positioned outside

of the sheath and at least a portion of the first and second

struts is covered by the sheath; and/or

the prosthetic heart valve includes a band encircling the

stent and a pull wire ope bly connected to the band; and/or

after the pivoting step, retracting the band relative to

the stent in a proximal axial direction by pulling the pull

wire proximally until the band overlies the first and second

struts, but not the third and fourth struts, to pivot the

second cell with respect to the first cell; and/or

advancing the prosthetic heart valve distaliy after the

clearance space has been created between the second cell and

the outer perimeter of the stent until at least a portion of a .

native valve structure is positioned within the clearance

space; and p;ivoting the second cell with respect to the first



cell to clamp the portion of the native valve structure

between the second cell and the first cell,

[0075] Although the invention herein has been described

with reference to particular embodiments, it is to be

understood that these embodiments are erely i ustra ive of

the principles and app cat ons of the present invention. It

is therefore to be understood that numerous modifications ma

be made the illustrative embodiments and that other

arrangements may be devised without departing from the spirit

and. scope of the present invention as defined by the appended

c ai ,

[007 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, t will

also be appreciated that the features described in connection

with individual embodiments may be shared with others of the

described embodiments .



CLAIMS

1 . A collapsible and expandable stent extending in an

axial direction from a proximal end to a distal end,

comp ng

a plurality of first cells, each first cell having an

open space defined by a first plurality of struts;

a second cell nested in the open space of one of the

first cells, the second cell being defined by a second

plurality of struts; and

first and second connecting struts connecting the second

cell to the one o f the first cells;

wherein the second ce l is configured to pivot about the

first and second connecting struts with respect to the one of

the first cells .

2 . The stent of claim .1 further comprising a pulling

member ope rably connected to at. least one of the second

plurality of struts,

3 . The. stent o claim 2 , further comprising an aperture

in the at. least one of the second plurality of struts, the

pulling m e ber being threaded through the aperture.

4 . The stent of claim , wherein the second plurality

of struts includes a first strut , a second strut, a third

strut,, and a fourth strut, the first and second struts each

being positioned closer to t d e proximal end o the stent than

the third and fourth struts.

5 . The stent of claim 4 , wherein the first strut is

connected to the third strut at a first connection point an

the second strut is connected to the fourth strut at a second

connection point, the first and second connection points being



offset in the axial direction from the first and second

connecting struts.

6 . The stent of claim 5 , wherein the first and second

struts each has a length in the axial direction which is

smaller than a length i the axial direction of each of the

third and fourth struts .

7 . The stent of claim 1 , wherein the second plurality

of struts includes a first strut, a second strut, a third

strut, and a fourth strut, the first strut being connected to

the first cell via the first connecting strut the second

strut being connected to the first strut and being connected

to the first ceil via the second connecting strut, the third

strut being connected to the first strut, and the fourth strut

being connected to the third strut and to the second strut,

. The stent of claim 1 , wherein the one of the first

cells defines a surface and the second ce l includes first and

second struts that do not lie within the surface when no

external force is applied to the stent.

9 . The stent of claim 8 , wherein the second cell

includes third and fourth struts that lie within the surface

when no external force is applied to the stent,

10. The stent of claim 1 , further comprising:

a band applied about a c cum erence of the stent and

movable relative to the stent in the axial direction; and

a pull wire operabiy connected to the band.

11. The stent of claim 10, wherein the pul wire is

threadedly connected to the band.



2 . The stent of claim 10, wherein the pull wire is

operable to transmit force to the band to move the band

relative to the stent in a proximal axial direction and in a

distal axial direction,

13. A prosthetic heart valve, comprising:

the collapsible and expandable stent of claim 1 ; an

a collapsible and expandable valve assembly disposed

within the stent and having a plurality of leaflets.

14. method of delivering a prosthetic heart valve into

a t ent, co p i n :

. a ing the prosthetic hea rt valve into a delivery device

in a collapsed condition, the delivery device including a

sheath extending from a proximal end to a distal end, the

prosthetic hea rt valve including a stent extending in an axial

direction from a proximal end to a distal end and having a

plurality of first cells, each first ce l having an open space

defined by a first plurality of struts, and a second cell

nested in the open space of one of the first cells the second

cell being de fined by a second plurality of struts;

advancing the sheath to an implant site within the

patient

retracting the sheath with respect to the prosthetic

heart valve until at least a portion of the second ceil is

positioned outside of the sheath; and

pivoting the second cell with respect to the one of the

first cells to create a clearance space between the second

cell and an outer perimeter of the stent.

15. The method of claim 1 , wherein the pivoting step

includes proximally pulling a pulling member operafoiy

connected to at least one of the second plurality of struts.



16. The method of claim 14, wherein the one of the rst

cells defines a surface a d the second ce l includes first and

second struts that do not lie within the surface when no force

is applied to the stent.

17. The method of claim 16, wherein the second cell

includes third and fourth struts that lie within the surface

when no force is applied to the stent.

18. The m ethod of claim 17, wherein the pivoting step

includes retracting the sheath with respect to the prosthetic

heart valve until at least a portion of the third and fourth

struts is positioned outside of the sheath and at least a

portio of the first and second struts is covered by the

sheath .

19. The method of claim 17, wherein the prosthetic heart

valve includes a band encircling the stent and a pull wire

operably connected to the band.

2 . The method of claim 19, further comprising:

after the pivoting step, retracting the band relative to

the stent in a proximal axial direction by pulling the pull

wire proximally until the band overlies the first and second

struts, but not the third and fourth struts, to pivot the

second ceil with respect to the first cell,

21. The method of claim 14, further comprising:

advancing the prosthetic heart valve distally after the

clearance space has been created between the second cell and

the outer perimeter of the stent until at least portion of a

native valve structure is positioned within the clearance

space; and



pivoting the second cel with respect to the first cell

to clamp the portion of the native valve structure between the

second cell and the first cell.
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