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(57) Abstract: A heart valve prosthesis con-
figured for deployment within a native heart
valve. The heart valve prosthesis includes a tubu-
lar stent and a prosthetic valve component dis-
posed within and secured to the stent. In addition,

one or more elements are coupled to a distal end
of the stent to position, anchor, and/or seal the
prosthesis within the native heart valve. Each ele-
ment transforms from a compressed configuration
in which the elements distally extend from the
distal end of the stent to a deployed configuration
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in which the elements proximally extend from the
distal end of the stent. Each element includes at
least one U-shaped or V-shaped support arm that
bends radially outward and then towards an outer
surface of the stent such that it translates more
than ninety degrees from the compressed config-
uration. Fach element may include an outer sup-
port arm and an inner support arm.
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HEART VALVE PROSTHESIS

RELATED APPLICATIONS

{0001} This application is a Continuation-in-Part of and claims the benefit of
United States Patent Application 13/572,842 filed August 13, 2012. The disclosures
of which are herein incorporated by reference in their entirety.

FIELD OF THE INVENTION

{00021 The present invention is directed o a valve prosthesis having elements for
sealing, positioning and/or anchoring the prosthesis at a target location and a
method of percutanecusly delivering the prosthesis o the target location.

BACKGROUND OF THE INVENTION

{00631 A wide range of medical treatments are known that ulilize "endoluminal
prostheses.” As used herein, endoluminal prosthases are intended 0 mean medical
devices thal are adapted for temporary or permanent implantation within a body
lumen, including both naturally occurring and artificially made lumens. Examples of
lumens in which endoluminal prostheses may be implanted include, without
limitation: arteries, veins gastrointestinal tract, biliary tract, urethra, trachea, hepatic
and cerebrai shunis, and failopian tubes. Slent prostheses are known for
implantation within a body lumen for providing artificial radial support o the wall
tissue that defines the body lumen. To provide radial support (o a blood vessel, such
as one that has been widened by a percutanecus transluminal coronary angioplasty,
commaonly referred 10 as "angioplasty,” "PTA or “PTCA”, a stent may be implanted in
conjunction with the procedure. Under this procedure, the stent may be collapsed fo
an insertion diameter and inseried into the vasculature at a site remote from the
diseased vessel. The stent may then be delivered (o the desired treatment sile
within the affected vessel and deployed, by self-expansion or radial expansion, to iis
desired diameter for treatment.

{0004] Recently, flexible prosthetic valves supported by stent structures that can
be delivered percutaneocusly using a catheter-based delivery system have been
developed for heart and venous valve replacement. These prosthetic valves may

include either self-expanding or balloon-expandable stent structures with valve
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leaflets allached to the interior of the stent structure. The prosthetic valve can be
reduced in diameter, by crimping onto a balloon catheter or by being confained
within a sheath component of a delivery catheter, and advanced through the venous
or arterial vasculaiure. Once the prosthetic valve is positioned at the treatment sile,
for instance within an incompaetent native valve, the stent structure may be expanded
to hold the prosthetic valve firmly in place. One example of a stented prosthetic
valve is disciogsed in LS. Palt. No. 5857,849 to Leonhardt et al. entitled
“Percutaneous Placement Valve Stent”, which is incorporated by reference herein in
its entirety. Another example of a stented prosthelic valve for a percutaneous
pulmonary valve replacement procedure is described in UGS, Patent Application
Publication No. 2003/0188971 A1 and U.S. Patent Application Publication No.
2003/0120863 A1, both filed by Tower, el al., each of which is incorporated by
reference herein in iis entirety. Minimally invasive and percutaneous replacement of
cardiac valves typically does not involve actual physical removal of the diseased or
injured heart valve. Rather, the replacement stented prosthetic valve is delivered in
a compressed condition 1o the valve site, where it i3 expanded (o its operational
state.

{00051 A human heart includes four heart valves that determine the pathway of
plood flow through the heart the mitral valve, the tricuspid valve, the aortic valve,
and the pulmonary valve. The mitral and tricuspid valves are atrioventricular valves,
which are between the alria and the ventricles, while the aortic and pulmonary
valves are semilunar valves, which are in the arteries leaving the heart. ideally,
native leaflels of a heart valve move apart from each other when the valve s in an
open position, and meet or “coapt” when the valve is in a closed position. Problems
that may develop with vaives include stenosis in which the opening of a valve is
narrowed or in which a valve does not open properly, andior insufficiency or
regurgitation in which a valve does not close properly.  Stenosis and insufficiency
may occur concomitantly in the same valve. The effects of valvuiar dysfunction vary,
with regurgitation or backilow typically having relatively severe physiological
consequences (o the palient.

{00661  The two atrio-ventricular valves through which biood flows from the atria o
the ventricies function to prevent retumn of blood o the alrium. The Iricuspid valve,
also known as the right atrioventricular valve, is a tri-flap valve located between the
right atrium and the right ventricle. The mitral valve, also known as the bicuspid or
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left atrioventricular valve, is a duallap valve located between the left atrium {LA)
and the left ventricle (LV), and serves {o direct oxygenated blood from the lungs
through the left side of the heart and into the aorta for distribution to the body. As
with other valves of the heart, the mitral vaive is a passive structure in that it does
not itsell expend any energy and does not perform any active contractile function.
The mitral valve includes two moveable leaflets that each open and close in
response to differential pressures on either side of the valve. lIdeslly, the leaflets
move apart from each other when the valve is in an open position, and meet or
“‘coapt” when the valve is in a closed position. Problems that may develop with
mitral valves inciude stenosis in which the milral valve does not open properly,
and/or insufficiency or regurgitation in which the mitral valve does not close properly.
Stenosis and insufficiency may occur concomitantly in the same valve., The effects
of valvular dystunction vary, with mitral regurgitation or backilow typically having
relatively severe physiological consequences {0 the patient.

{00071 Due to the different physical characteristics of the mitral valve as
compared {o other valves such as the pulmonary valve, percuianecsus implaniation
of a valve in the mitral position has s own unique requirements for valve
replacement. There is a continued desire o improve mitral valve replacement
devices and procedures o accommaodate the structure of the heart, including by
providing improved devices and methods for replacing the milral valve
percutanacusty.

{00GB]  Various transcatheter delivery methods may provide safer and less
invasive methods for replacing a defective native heart valve, leakage belween the
implanted prosthetic valve and the surrounding native fissue is a recurring problem.
Leakage sometimes occurs due o the fact that minimally invasive and percutaneous
replacement of cardiac valves typically does not involve actual physical removal of
the diseased or injured heart valve. Rather, the replacement stented prosthetic
valve is delivered in a compressed condition to the vaive site, where it is expanded
to its operational state within the native valve. Calcified or diseased native leaflets
may be pressed to the side wails of the native valve by the radial force of the stent
frame of the prosthelic valve. These calcified leaflets do not allow complete
conformance of the stent frame with the native valve and can be a source of
paravalvular leakage (PVL). Signiticant pressure gradients across the valve cause
blood to leak through the gaps between the implanted prosthetic valve and the
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calcified anatomy. Therefore, there is a desire o improve heart valve replacement

devices and procedures to minimize or prevent PVL from occurring.,

BRIEF SUMMARY OF THE INVENTION

{00091 Embodiments hereof relate 10 a heart valve prosthesis that includes &
tubular stent or frame and a prosthelic valve component disposed within and
secured to the stent. The stent or frame has a compressed configuration for delivery
within a vasculature and a deployed configuration for deployment within a native
heart valve. In one embodiment, one or more elements for positioning are coupled
te a distal end or a proximal end of the stent to position and anchor the prosthesis
within the native heart valve. In an alternative embodiment, one or more elements
for sealing are coupled to a distal end or a proximal end of the sient o seal the
prosthesis within the native heart valve. In one embodiment, each element for
positioning and/or sealing includes an outer U-shaped or V-shaped support arm and
an inner U-shaped or V-shaped support arm that either distally extend from the distal
end of the stent or proximally extend from the proximal end of the stent when the
stent is in the compressed configuration. During deployment of the prosthesis, each
support arm bends radially outward and then towards an culer surface of the stent
such that it transiates more than ninety degrees from the compressed configuration
to either proximaily extend from the distal end of the stent or to distally extend from
the proximal end of the stent when the stent is in the deployed configuration.

{60101  According to another embodiment hereof, a heart valve prosthesis
includes a tubular stent or frame and a prosthetic valve component disposed within
and secured io the stenf. The slent or frame has a compressed configuration for
delivery within a vasculature and a deployed configuration for deployment within a
native heart valve. In one embodiment, one or more elements for positioning are
coupled to a distal end or a proximal end of the stent o position and anchor the
prosthesis within the native heart valve. In an alternative embodiment, one or more
elements for sealing are coupled o a distal end or a proximal end of the stent to seal
the prosthesis within the native heart valve. In one embodiment, each element for
positioning and/or sealing is attached to the stent by two V-shaped connectors such
that there are four connection poinis between each positioning and/or sealing
element and the sient. kEach posilioning and/or sealing element includes a U-
shaped or V-ghaped support arm that is approximately paraliel with a longitudinal
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axis of the stent and either distally extends from the distal end of the stent when the
stent is in the compressad configuration or proximally extends from the proximal end
of the stent when the stent is in the compressed configuration. During deployment of
the prosthesis, each element for positioning and/or sealing bends radially outward
and then towards an ouler surface of the stent such that the support arm translates
between 135 degrees and 180 degrees from the compressed configuration o either
proximally extend from the distal end of the sient or v distally extend from the
proximal end of the stent when the stent is in the deployed configuration.

{60111 Some embodiments hereof also relate o a method of percutaneously
delivering and deploying a prosthetic valve within a native valve, for example, 2
mitral valve or an aortic vaive. A prosthetic valve delivery system is tracked through
the vasculature o the native valve. The prosthetic valve delivery sysiem inciudes a
valve prosthesis having a tubular stent, a prosthelic valve component disposed
within and secured {0 the stent, and one or more elements for positioning and/or
sealing coupled to a distal end of the sient and/or a proximal end of the stent, the
positioning and/or sealing elements each having an outer U-shaped or V-shaped
support arm and an inner U-shaped or V-shaped support arm that distally extend
from the distal end of the stent when the stent is in a compressed configuration for
delivery and/or proximally extend from the proximal end of the stent when the stent
IS In a compressed configuration for delivery. An outer sheath of the prosthetic valve
delivery system is refracied to expose the positioning andior sealing elements,
wherein each support arm bends radially outward and then fowards an outer surface
of the stent such that it transiales more than ninely degrees from the comprassed
configuration to either proximally extend from the distal end of the stent or distally
extend from the proximal end of the stent and press against the nalive valve andlor
the ventricular wall in order o position and/or seal the valve prosthesis. The outer
sheath is further retracited {0 expose the stent, thereby allowing the stent {o self-
expand into a deployed configuration.

BRIEF DESCRIPTION OF DRAWINGS

{60121 The foregoing and other features and advantages of the invention will be
apparent from the following description of embodiments hereof as illustrated in the
accompanying drawings. The accompanying drawings, which are incorporated

herein and form a part of the specification, further serve o explain the principles of
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the invention and to enable a person skilled in the pertinent art to make and use the
invention. The drawings are not {o scale.

{00131 FIG. 1A and FIG. 1B are schematic side and top views, respectively, of a
valve prosthesis having elements for positioning and/or sealing according to an
embodiment hereof, wherein the valve prosthesis is in a delivery or compressed
configuration with elements for positioning andfor sealing distally extending from a
distal end of the prosthesis.

[0014] FIG. 2A and FiG. 2B are schematic side and {op views, respectively, of the
valve prosthesis of FIG. 1A and FiG. 1B, wherein the valve prosthesis is in an
expanded or deployed configuralion with elements for positioning andfor sealing
proximally extending from a distal end of the prosthesis.

{00151 FIG. 3 is a side view illustration of an exemplary stent that may be utilized
in the valve prosthesis of FIG. 1A and FIG. 1B, wherein the stent is in a delivery or
compressed configuration.

{00181 FlG. 4 is a side view illustration of the exemplary stent of FIG. 3, wherein
the stent is in an expanded or deployead configuration.

00171  FIG. 5 is an isomelric view illustration of the exemplary stent of FIG. 3,
wherein the sient i3 in an expanded or deployed configuration and includes a
prosthetic valve located therein,

{0018] FIG. 6 is a side view illustration of the exemplary stent of FIG. 3, wherein
the stent is in an expanded or deployed configuration and positioned within at a
mitral valve of a8 heart.

00191 FIGS. 7A and 78 illustrate side and end views, respectively, of a valve
prosthesis in an unexpanded or delivery or compressed configuration, loaded info a
delivery system, according to an embodiment hereof,

{00281  FIGS. 810 illusirate side views of the valve prosthesis of FIG. 7, wherein
a sheath of the delivery system is progressively refracied o expose the positioning
and/or sealing elements of the valve prosthesis.

{00211 FIGS. 11-12 dllustrate side views of the vaive prosthesis of FIG. 7, wherein
a sheath of the delivery system is progressively refracted o expose the stent of the
valve prosthesis.

{00221 FIG. 13 illustrates a side view of the valve prosthesis of FIG. 7 in an

aexpanded or deployed configuration, after release from the delivery system.
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{00231 FIG. 14 is a side-view illustration of a portion of the valve prosthesis of
FiG. 1, wherein each element for positioning and/or sealing is coupled to the stent at
four connection points.

{00241 FIG. 15 is a cross-sectional view taken along line X-X of FIG. 14.

{00251 FIG. 168 through FIG. 20 ifHlustrales & method of implanting a valve
prosthesis at a mitral valve target location within a heart, according to an
embodiment hereof.

{00261 FIG. 21A and FIG. 218 are schematic side and lop views, respectively, of
a valve prosthesis having elements for positioning and/or sealing with outer and
inner U-shaped support arms according to an embodiment hereof, wherein the valve
prosthesis is in a delivery or comprassed configuration with elements for positioning
and/or sealing distally extending from a distal end of the prosthesis.

(00271  FIG. 22A and FiG. 228 are schematic side and top views, respectively, of
the valve prosthesis of FIG. 21A and FIG. 21B, wherein the valve prosthesis is in an
expanded or deployed configuration with elements for positioning and/or sealing
proximally extending from a distal end of the prosthasis.

[0028] FIGS. 238A and 238 illustrate two side views of a valve prosthesis having
glements for positioning and/or sealing with ouler and inner U-shaped support arms
according to an emboediment hereof, wherein the support arms extend from
distalmost crowns of the valve prosthesis and the valve prosthesis is in an expanded
or deployed configuration.

(00291 FIG. 23C is an enlarged view of a portion of the valve prosthesis of FIG.
23A,

{00301 FIGS. 24A and 24B illustrate two side views of a valve prosthesis having
glements for positioning and/or sealing with outer and inner U-shaped support arms
according o an embodiment hereof, wherein the support arms exiend from between
the distalmost crowns of the valve prosthesis and the valve prosthesis is in an
expanded or deployed configuration.

{0031] FIG. 24C is an enlarged view of a portion of the valve prosthesis of FIG.
244,

{60321 FIG. 2B5A is a side view of a valve prosthesis having elements for
positioning and/or sealing with triple U-shaped support arms according to an
embodiment hereof, wherein the valve prosthesis is in an expanded or deployed

configuration.
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{00331 FIG. 25B is an enlarged view of a portion of the valve prosthesis of FIG.
25A.

{00341 FIGS. 20A-20F illustrates various configurations of generally U-shaped or
V-shaped support arms according to embodiments hereof.

{00351 FIG. 27 is a side view illustration of an exemplary valve prosthesis.

{0036] FiG. 28 is a side view illustration of the valve prosthesis of FIG. 27
implanted within a native valve annulus.

{00371 FIG. 29 is a side view illustration of a stent that may be ulilized in a valve
prosthesis for use in embodiments hereof, wherein the stent is in 3 delivery or
compressed configuration.

{0038] FIG. 30 s a side view illustration of a valve prosthesis for use in
embodiments hereof.

{00381 FIGS. 31-35 iustrate side views of the valve prosthesis of FIG. 30,
wherein a sheath of a delivery system is progressively retracted to expose a sealing
component of the valve prosthesis.

{00401 FIG. 36 iilustrates a side view of the valve prosthesis of FIG. 30 in an
expanded or deployed configuration, afier release from a delivery system and
implanted within a native valve annulus.

{0041}

DETAILED DESCRIPTION OF THE INVENTION

{00421 Specific embodiments of the present invention are now described with
reference to the figures, wherein like reference numbers indicate identical or
functionally similar elements. The terms “distal” and “proximal” are used in the
following description with respect to a position or direction relative to the treating
clinician. “Distal” or “distally” are a position distant from or in a direction away from
the clinician. “Proximal” and “proximally” are a position near or in a direction foward
the ciinician. In addition, as used herein, the terms “outward” or “cutwardly” refer (o
a position radially away from a longitudinal axis of the stent and the terms
“backward” or “backwardly” refer to the relative transition from a proximal position o
a distal position.

{00431 The foliowing delailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the invention. Although
the description of the invention is in the context of treatment of heart valves such as

8
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the mitral valve or aortic valve, the invention may also be used in any other body
passageways where it is deemed useiul. For example, the present invention may be
applied (o venous valves as well. Furthermore, there is no intention {0 be bound by
any expressed or implied theory presented in the preceding technical field,
background, brief summary or the following detailed description.

{00441 Some embodiments hereof are related to a valve prosthesis configured for
placement at a mitral valve in the heart that lies between the left atrium (LA) and the
left ventricle {(LV). Some embodiments hereof are related to a valve prosthesis
configured for placement at an aortic valve in the heart that lies between the left
ventricle {LV} and the aorta.  More particularly, a valve prosthesis 100 is shown in
its compressed or delivery configuration in the side views of FIG. 1A and FIG. 1B
and in its expanded or deployed configuration in the side views of FIG. 24 and FIG.
28. Valve prosthesis 100 includes s framework or stent 102, a valve component 116
attached within the interior portion of stent or frame 102, and one or more elemenis
120 for positioning and/or sealing. As will be explained in more detail herein, each
glement 120 bends or rotates more than ninety degrees with respect to its
compressed, delivery configuration during deployment of valve prosthesis 100, iIn
one embodiment, each element 120 rotates between 135 degrees and 180 degrees
during deployment of valve prosthesis 100, in the delivery configuration of FIG. 1A
and FIG. 1B, sach element 120 distally extends from a distal end 104 of stent 102.
When released from a delivery sheath {not shown in FIG. 1A or FIG. 1B), each
element 120 gradusally bends outwardly and then towards an outer surface of the
delivery device or stent until if reaches its deployed configuration of FIG. 2A and
FIG. 2B in which each element 120 proximally extends from distal end 104 of stent
102. Once deployed, slements 120 may function o position and anchor valve
prosthesis 100 al a native valve target site and/or elements 120 may function to seal
prosthesis 100 at a native valve target site. When deployed at a native mitral valve
target site, the configuration/struciure of a valve prosthesis as well gs the delivery
system and method of use must accommodate the size of the left ventricle and
refrain from obsiructing the left veniricular outflow tract. By rotating from an initial
distally-extending configuration fo a final proximaily-extending configuration,
elements 120 may be particularly configured o be deployed within a native mitral

valve target site as will be explained in more detail below.
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[00458] Stent 102 of valve prosthesis 100 is a generally tubular expandable body
having a stepped profile extending between a proximal end 106 and distal end 104.
As shown in the deployed configuration of FIG. 2A and FIG. 2B, stent 102 may
include a distal or ventricular segment 108 having an expanded diameter Dy and a
proximal or atrial segment 110 having an expanded diameter Da which is greater
than diameter Dy. In one embodiment, when placed at a native mitral valve farget
site, ventricular segment 108 extends into the left ventricle and atrial segment 110
extends into the left atrium. Each segment of stent 102, ie., veniricular segment
108 and/or atrial segment 110, may be designed with a number of different
configurations and sizes 10 meet the different requirements of the locations in which
it may be implanted.  Each segment of stent 102, ie., veniricular segment 108
and/or atrial segment 110, may have the same or different cross-section which may
be for example circular, ellipsoidal, rectangular, hexagonal, sguare, or other
polygonal shape, although at present it is believed that circular or ellipsoidal may be
preferable when the valve prosthesis is being provided for replacement of the mitral
valve,

{00481 In embodiments hereof, stent 102 may be made from siainless sieel, a
pseudo-elastic metal such as a nickel titanium alloy or Nitinol, or a so-calied super
alloy, which may have a base metal of nickel, cobalt, chromium, or other metal.
Stent 102 is self-expanding o return o an expanded deploved state from a
compressed or constricled delivery state. “Self-expanding” as used herein means
that stent 102 has a mechanical memory to return o the expanded or deployed
configuration. Mechanical maemory may be imparted to the wire or tubular struciure
that forms stent 102 by thermal treatment to achieve a spring temper in stainless
steel, for example, or 1o set a shape memory in a susceptible metal alloy, such as
nitinol, or a polymer, such as any of the polymers disclosed in U.S. Pat. Appl. Pub.
No. 2004/0111111 to Lin, which is incorporated by reference herein in its entirety.
For self-expanding stent structures, one example of a delivery system that can be
used includes a catheter with a retraciable sheath that covers and comprasses the
stent and its associated valve structure until it is o be deployed, at which peint the
sheath can be retracted o allow the stent frame o assume ifs expanded or deployed
configuration. Further details of such a delivery process for delivering stented valve

prostheses as described herein are discussed in further detail below.
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{00471 As shown in FIGS. 3-6, stent 302 has a latlice configuration 314, with
connectors 303 extending from an end of stent 302 for connecting to a delivery
system {not shown). Stent 302 is shown in a compressed configuration and
deployed configuration in FIG. 3 and FIG. 4, respectively. Similar to stent 102, stent
302 includes an expandable body having a stepped outer diameter formed by a
distal or ventricular segment 408 having an expanded diameler Dy and a proximal or
atrial segment 410 having an expanded diameter D, which is greater than diameler
Dy, Stent 302 is shown deployed at a native mitral valve target site in FIG. 6, with
ventricular segment 408 extending into the left veniricle and atrial segment 410
extending into the left atrium. Stent 302 is a unitary integral structure formed from a
single tubular component. Lattice configuration 314 of stent 302 may be produced
by machining or laser cutting the stent from a metal tube, as is commonly employed
in the manufacturing of stents. Latlice configuration 314 includes disconnected or
decoupled tums or crowns 312 at the transition area between ventricular segment
408 and atrial segment 410, which advantageously allows leaflets of a valve
component 510 0 extend into alrial segment 410 (and into the lefl atrium when in
situy as shown in FIG. 5 rather than be solely located on the outfiow or ventricular
segment 408 of stent 302 {and into the laft ventricle in situ). By locating a portion of
the valve leafliets in the left atrium, the required iength of veniricular segment 408 is
minimized and the length of the stent that protrudes into the left ventricle may be
reduced. Further description of stent 302 and advantages thereof are described in
co-pending patent application, U.B. Appl. No. 13/278,050 filed October 20, 2011
{Atty Dkt No. P40157.USUZ). Although stent 302 is shown with a latlice
configuration, it will be understood by those of ordinary skill in the art that the body of
stent 302 may have any configuration or patiern suitable for placement at a native
mitral valve larget site.

{00481 As mentioned above, a stent of valve prosthesis 300 may be laser cut
from a solid component of self-expanding material such that the stent is an inlegral
structure that does not include individual components. A single integral structure
allows the stent {0 be crimped or compressed to a low delivery profile. Alternatively,
rather than being laser cut, the stent may be formed using any of a number of
different methods thal would be apparent {0 one of ordinary skill in the art such as
connecting individual annular stent struis {ogether, chemical etching, or ancther

method of cutting a desired shape from a solid component.
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[0049] Referring back to FIGS. 1A, 1B, 2A, and 2B, valve prosthesis 100 includes
prosthetic valve component 116 within the interior of stent 102 which is capable of
blocking flow in one direction o reguiale flow there through. Prosthetic valve
component 116 may include valve leaflets constructed of pericardium material and
may form a bicuspid, tricuspid, or twbular replacement valve. FIG. 1A, FIG. 18, FIG.
24, and FiG. 2B illustrate an exemplary bicuspid valve having two leatiefs 118A,
1188, sithough a tricuspid lesflet configuration may alternatively be used in
embodiments hereof.

{00581 Valve leaflets 118 are sutured or otherwise securely and sealingly
attached to the interior surface of stent 102 and/or graft material {not shown)
enclosing or lining one or more portions of stent 102 as would be known 1o one of
ordinary skill in the art of prosthetic tissue valve construction. The graft material may
be a low-porosity woven fabric, such as polyester, Dacron fabric, or PTFE, which
creates a one-way fluid passage when attached (o the stent. In one embaodiment,
the graft material may be a knil or woven polyester, such as a polyester or PTFE
knif, which can be utilized when it is desired o provide a meadium for tissue ingrowth
and the ability for the fabric to stretch to conform (o g curved surface. Polyesier
velour fabrics may alternatively be used, such as when it s desired o provide a
medium for lissug ingrowth on one side and a smooth surface on the other side.
These and other appropriate cardiovascular fabrics are commercially available from
Bard Peripheral Vascular, Inc. of Tempe, Ariz., for example. In another embodiment,
the graft material could also be a natural material such as pericardium or another
rmembranous tissue such as intestinal submucosa.

{00511  As described above, leaflets 118 may be made of pericardial material;
however, the leaflets may instead be made of another material. Natural tissue for
replacement valve leaflets may be obtained from, for exampie, heart valves, aorlic
roots, aortic walls, aortic leaflets, pericardial tissue, such as pericardial paiches,
bypass grafts, blood vessels, intestinal submucosal tissue, umbilical tissue and the
like from humans or animais. Synthetlic materials suitable for use as leaflets 118
include DACRON® polyester commercially available from iInvista North America
S.ARL. of Wilmington, DE, other cloth materials, nylon blends, polymeric materials,
and vacuum deposition nitinol fabricated materials. One polymeric material from
which the leaflefs can be made is an ultra high molecular weight polyethylene
material commercially available under the trade designation DYNEEMA from Royal
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DSM of the Netherlands., With certain leaflel materials, it may be desirable to coat
one or both sides of the leaflel with a material that will prevent or minimize
overgrowth. i is further desirable that the leaflet material is durable and not subject
to stretching, deforming, or faligue.

{00521 Elements 120 for positioning and/or sealing will now be described in more
detail. Referring also to FIG. 26A, elements 120 are generally shown in the figures
as being a wire or tubular structure formed into a U-shaped or generally U-shaped
configuration such that each element 120 has two straight side segments 26804,
26824 with a botiom curved segment 2684A. As will be understood by those of
ordinary skill in the art, "side” and “boltom” are relative terms and utilized herein for
iflustration purposes only. The straight side segments may be parallel to each other
as shown in FIG. 26A, or may be slanted or angled away from each other as shown
in FiG. 268 in which two straight slanted side segments 26808, 26828 flare apart as
they extend from botlom curved segment 2684B. As utilized herein, “generally” U-
shaped includes wire or tubular structures formed into: a horseshoe shape as shown
in FIG. 26C in which two curved side segments 2680C, 2682C have ends that
converge together as they exiend from botlom curved segment 2684C; a semi-circle
26200 as shown in FIG. 260; and an oblong shape 2620F as shown in FIG. 26F in
which two parallel siraight side segments 2680F, 2682F have a straight bottom
segment 2684F therebetween. In ancther embodiment hereod, elements 120 may
be generglly V-shaped as shown in FIG. 28E in which two siraight slanted side
segments 2680C, 26820 are connected together by a curved apex 2684k, The
glements 120 may be considerably longer, shorter, wider, or narrower than shown.
In any case, elements 120 are preferably configured 1o be a shape and size that can
provide a sealing function, a positioning function and/or an anchoring function for
valve prosthesis 100 when the prosthesis is deployed at a native valve target site.
For example, i valve prosthesis 100 is positioned within the native mitral valve
annulus, the elements 120 exiend from stent 102 on the veniricular or cutflow side of
the mitral valve and provide interference with the native valve leaflets andfor the
walls of the left ventricle, thereby inhibiting motion of vaive prosthesis 100.

{00531 Each element 120 rotates and transforms from the distally-extending
compressed configuration to proximally-extending deployed configuration. FIG. 7A
and FIG. 7B illustrate side and end views, respectively, of a valve prosthesis 700 in
an compressed or delivery configuration sized for delivery o the target site, inaded
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into a delivery system 730, Valve prosthesis 700 includes a tubular frame or stent
702 which is similar to stent 302 described above, 8 valve {(not shown in FIGS. 7-13
for lustrative purposes) attached within the inlerior portion of stent 702, and two
glements 720. In the compressed or delivery configuration, each element 720 is
approximately paraliel with a longitudinal axis L, of stent 702 and distally extends
from a distal end 704 of stent 702. Delivery system 730 includes a catheter 732 and
an ouler retractable sheath or tube 734, Valve prosthesis 700 i mounted over an
inner shaft 736 of catheter 732 at the distal end thereof and sheath 734 surrounds
and constrains valve prosthesis 700 in the compressed configuration. In one
embodiment, catheter 732 may also include a retainer 738 which temporarily
secures proximal end 706 of stent 702 onto catheter 732. For example, retainer 738
may include an end stent capture configuration as described in U.S. Patent Pub.
2009/0276027 to Glynn, which is hereby incorporated by reference herein in s
entirety.

{00541 In order to begin deployment of valve prosthesis 700, sheath 734 is
retracted in a proximal direction o expose and release elements 720 as shown in
FIG. 8. Upon initial release from sheath 734, elements 720 flare or spread outwardly
from the distal end of stent 702 such that elements 720 form an acute angle & with
respect to longitudinal axis La.

{00551 As sheath 734 is further refracted, elements 720 continue {0 be exposed
and continue o bend backwards towards the outer surface of sheath 734 and stent
702. Notably, as elements 720 are released from sheath 734, stent 702 remains
constrained within sheath 734, FIG. 9 illustrates elements 720 approaching a
transverse reference axis 935 between the initial distally-extending compressed
configuration and the final proximally-extending deployed configuration. Transverse
reference axis 935 as utilized herein describes an imaginary reference line that
extends approximately ninety degrees or perpendicular to the longitudinal axis La of
stent 702. FIG. 10 illusirates elements 720 after passing over the tfransverse
reference axis 835, with elements 720 fully exposed or released from sheath 734
while stent 702 is still compressed within sheath 734, One particular feature of
glements 720 is apparent when comparing FIG. 8 and FIG. 10. Elements 720 bend
or curve gradually backwards such that distal portions or tips 8950 of elements 720
pass over the transverse reference axis 935 before proximal portions or bases 952
of elements 720. After distal tips 8950 of elements 720 pass or cross over the
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transverse reference axis 935 and are pointing in a proximal direction, proximal
bases 952 of elements 720 approach the transverse reference axis 935 as shown in
FIG. 10, Stated another way, distal tips 950 of each element 720 bend past
transverse reference axis 935 prior 1o proximal bases 852 of gach element 720. Due
to the above-described flaring or expanding seguence in which elements 720 curve
packward, the length of elemenis 720 may be greater than if both the proximal and
distal portions of elements 720 crossed over the transverse reference axis 835 at the
same lime, ig., if elements 720 were straight and extended generally parallel to the
transverse reference axis 935 during deployment. In addition, since stent 702 is still
compressed within sheath 734, it can be observed that the length of elemenis 720
may be greater than if sient 702 was released from sheath 734 and in a deployed
configuration.  Accordingly, the length of elemenis 720 may be maximized (o
increase their ahility to anchor valve prosthesis 700 when it is positioned to replace a
valve. In one embodiment in which valve prosthesis 700 is positioned at a mitral
valve, the length of each element 720 is between 10 and 12 mm.

{00561 FIG. 11 and FIG. 12 Hiustrale the continued deployment of valve
prosthesis 700. Sheath 734 continues to be proximally retracted, exposing seli-
gxpanding stent 702 such that stent 702 is released to assume its deployed
configuration. Sheath 734 is proximally retracted until proximal end 708 of stent 702
is exposed and allowed fo self-expand, thereby uncoupling from retaining tip 738 of
catheler 732. FIG. 13 Hllustrates the final deployed configuration of valve prosthesis
700, in which each element 720 proximally extends from a distal end 704 of stent
702. As previously described, the backwards rotation that occurs during deployment
resulis in each element 720 translating more than ninety degrees from its
compraessed, delivery configuration. During depioyment, each element 720
egsentially deploys or translates in an arc path that extends between 80 and 180
degrees from the initial compressed configuration and the final deploved
configuration. In the embodiment of FIGG. 13 shown ex vivo, each element 720 bent
or rotated approximately 180 degrees between the initial distally-extending
compressed configuration and the final proximally-extending deployved configuration.
However, in one embodiment, when positioned in vivo, tissue such as native valve
leaflets may be sandwiched between one or more elemenis 720 and the outer

surface of stent 702 and as a resull, the total rotation or bending of elements 720 in
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the final deployed configuration may be less than 180 degrees with respect to the
initial distally-extending compressed configuration.

{08571  Inone embodiment, rotating from the initial distally-extending configuration
to the final proximally-extending configuration allows valve prosthesis 700 o be
deployed in the annulus of a nalive milral valve rather than the outflow side of the
native mitral vaive, thereby minimizing the length which the prosthesis and the
delivery system protrudes into the left veniricle.  More particularly, prior art
approaches for delivering a valve prosthesis include inifially loading positioning or
anchoring elements into the delivery system as proximally-extending, such that the
positioning elements are pressed against the stent of the valve prosthesis. Such
initially proximaliy-extending positioning elements flare oulward or away from the
stent iess than ninety degrees when released from a delivery sheath to a final
deployed configuration.  In order o properly position positioning elements that
initially extend in a proximal direction at a mitral vaive location, the valve prosthesis
would need to be distally extended past the native mitral valve and into the left
ventricle prior to refraction of the delivery sheath in order {o provide ample space for
the positioning elements to depioy. After the positioning elements flared to the
acutely angled deployed configuration, the prosthesis would be proximally retracied
in order o bring the positioning elements info contact with the native mitral valve.
However, in embodiments hereof, since positioning elements are initially loaded into
delivery system 730 as distally-extending, valve prosthesis 700 is initially positioned
in the annulus of the native mitral valve with only distally-extending positioning
glements 720 extending into the left ventricie prior o retraction of the delivery
sheath.

{00881 In addition, the fact that elements 720 are deployable via one delivery
sheath helps accommodate deployment of valve prosthesis 700 at a native mitral
valve despite constrainis or considerations of delivering 2 prosthesis in a lef
ventricle. In some aorlic valve applications, multiple tubes are utilized for deploying
stented cardiac valve prosthetics. For example, the ENGAGER device from
Medironic, Inc. of Minneapolis, Minnesota is a stenied cardiac valve prosthesis
having positioning elements in which two tubes are utilized for deployment. A first
distal cone or tube is distally advanced into the aorta during deployment to deploy
the positioning elements and then a second proximal sieeve is proximally retracted
to deploy stent frame. However, when deploying a valve prosthesis at a mitral valve
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target location, distally advancing a tube or sheath into the left ventricle may damage
chordae {endineane located within the heart and/or may obstruct the left ventricular
outflow tract (LVOT). In addition, the mitral valve is posilioned lower in the heart
than the aortic valve and thus there is not as much depth/length to distally advance a
tube or sheath info the left venlricle. Accordingly, valve prosthesis 700 is deployed
via delivery system 730 that includes only one delivery sheath 734 which is
proximally retracted.

{00581 in order to fransform between the initial distally-extending compressed
configuration and the final proximally-extending deployed configuration, elements for
positioning and/or sealing according to embodiments described herein are formed
from a self-expanding material that has a mechanical memory {0 return to the
proximally-extending deployed configuration.  For example, the slements for
positioning and/or sealing may be made from stainiess steel, a pseudo-elastic metal
such as a nickel titanium alloy or Nitinol, or a so-called super alloy, which may have
a base metal of nickel, coball, chromium, or other metal. As described above with
respect o stent 102, mechanical memory may be imparted to the wire or tubular
structure that forms the elements for positioning and/or sealing by thermal treatment
to achieve a spring temper in stainless steel, for example, or 1o sel a shape memory
in a susceplible metal alloy, such as nitinol, or a polymer.

{00601  In one embodiment, as previously described, gach element for positioning
andior sealing is coupied (o the distal end of the valve prosthesis. In one
embodiment, gach element for positioning and/or sealing may be coupled fo the
stent at multiple conneaction points. More specifically referring to FIG. 1A, U-shaped
support arm 122A is coupled to distal end 104 of stent 102 via two V-shaped
connectors 1244, 1254 such that four connection points 1264, 1274, 1284, 1204
are located between each element 120 and stent 102, Similarly, shown in the view
of FIG. 14, U-shaped support arm 1228 is coupled to distal end 104 of stent 102 via
two V-shaped conneciors 1248, 1258 such that four connection points 1268, 1278,
1288, 1298 are located between each element 120 and stent 102, In one
embaodiment, the eight connection points 126A, 127A, 128A, 128A, 1268, 1278,
1288, 1288 are approximately equally spaced around the perimeter of distal end
104 of stent 102 and collectively funclion o prevent the prosthetic valve leaflets from
obstructing the outflow end of valve prosthesis 100 and the left ventricular outflow
tract (LVOT). Slated ancther way, V-shaped connectors 124A, 125A, 1248, 1258
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increase the number of connection points between each support arm 120A, 1208,
respectively, and stent 102, and thereby shorten or minimize the open space or
distance between adjacent connection points.  V-shaped connectors 1244, 1254,
1248, 1258 act as an obstacle in the path that the prosthetic valve leaflets would
follow when overlapping onto sient 102 and thereby keeps the flow path clear.
Although described as “V-shaped connectors,” it will be apparent to those of ordinary
skill in the art that two straight components formed generally in the shape of a “V”
may be utilized in embodiments hereof rather than one single V-shaped component.
In addition, although described with respect to  elements 120 and stent 102, such
comnectors may be utilized for forming multiple connection poinis between any
ambodiment described herein, including elements 320 and stent 302, and elements
720 and stent 702.

{60611  In one embodiment, elements 120 and stent 102 are formed as an integral
unitary structure, such as by laser culting or etching elements 120 and stent 102
from a single hollow tube or sheet. In another embodiment, V-shaped connectors
124A, 124B andfor U-shaped support arms 1224, 1228, may be separaie
componenis that are formed separately and mechanically coupled to each other and
to stent 102 via any suitable mechanical method, including welding, soldering, or by
another mechanical method.

{00621  In order o lower the amount of stress and/or strain that cccurs in V-
shaped connectors 1244, 125A, 1248, 1258 as elements 120 transform, for
example, between the initial distally-extending compressed configuration and the
final proximally-extending deployed configuration, the width of the wire{s} or tubular
member(s) which form V-shaped connectors 1244, 125A, 1248, 125B may be
increased as compared (0 the width or dimension of U-shaped support arms 1224,
1228 as well as compared o the width or dimension of the wire or tubular member
which forms stent 102, More particularly, FIG. 15 iliusirates a sectional view along
line X-X of FiG. 14 showing a strut 1238 of V-shaped connector 1248 according to
one embodiment hereof. A reference width Wr is shown in phantom in FIG. 15 and
represents the width of the wire or tubular member which forms stent 102 and/or U-
shaped support arms 1224, 1228, A width Wg of strut 1238 is widened or increased
relative to width Wy, thereby increasing the amount of malerial of V-shaped
connector 1248 such that it can handle the deformation that occurs thereto during
deployment of valve prosthesis 100, In order to widen or increase the width of strut
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1238, material may be added or banded to strut 123B around the widih direction
thereof. In an embodiment, material may be added to include the width of strut 1238
up to three times of width Wy Preferably, a thickness Ts of strut 1238 is not
increased relative o the thickness of the wire or tubular member which forms stent
102 due fo size constrainis on the compressed outer diameter or profile of valve
prosthesis 100 when in the compressed configuration. As utilized herein, thickness
Ts of strut 1238 refers {0 the strut material that extends in a radial direction relative
to stent 102. Although #lustrated as constant or uniform, thickness Tg of strul 1238
may vary or increase from an inner surface relative 1o an outer surface of strut 1238,
{00631 FIGS. 16-20 illusirate a method of delivering and implanting stent valve
prosthesis 100 in accordance with an embodiment hereof 1o perform a heart vaive
replacement procedure, more particularly a mitral vaive replacement, with minimal
blood flow stoppage or interruption.  FIG. 16 illustrates & portion of a8 heart H
including a left atrium LA, a left ventricle LV, a mitral valve space MV and an aortic
valve AV. Blood flow BF is depicled with directional arrows in FiG. 16 in the left
atrium LA, into left ventricle LV through mitral vaive space MV, and into the aoria
through aortic vaive AY. When the native mitral valve is operating properly, the
native leaflets will generally function in such a way that blood flows toward the left
ventricle LY when the leaflels are in an open position, and so thal blood is prevenied
from moving toward the left atrium LA when the leaflets are in a closed position.
However, a valve prosthesis in accordance with an embodiment hereof can be
positioned in the area of mitral valve MV when it is not functioning properly (io
replace the mitral valve} in accordance with the invention, thereby pushing the native
leaflets out of the mitral valve space.

{00841 With reference to FIG. 16, a prosthetic valve delivery system 1830 is
shown after having been introduced into the vasculature vig a percutaneous entry
point, a.ka the Seldinger technique, and having been tracked through the
vasculature and into the left atrium so that distal tip 1640 is positioned proximate the
mitral valve. For example, the percutaneous entry point may be formed in a femoral
vein.  Thereafter, a guidewire {not shown)} is advanced through the circulatory
system, eventually arriving at the hearl. The guidewire is directed into the right
atrium, traverses the right atrium and is made to punclure with the aid of a transeptal
needie or pre-existing hole, the atrial septum, thereby entering the left atrium. Once
the guidewire is positioned, the endoluminal entry port and the atrial septum are
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dilated to permit eniry of a guide catheter {not shown) and/or prosthetic valve
delivery system 1630 into the left atrium.  Thereafter, prosthetic valve delivery
systemn 1630 is advanced info the left atrium through the punctured atrial septum and
positionad proximate to the mitral valve MV, Although not shown, it will be
understood by those of ordinary skill in the art that prosthetic valve delivery system
1630 may be inserted into a guide catheter in order 1o be advanced to a position
proximate to the mitral valve MV, In addition, although described as a transfemoral
antegrade approach for perculaneously accessing the milral valve, the valve
prosthesis 100 may be positioned within the desired area of the heart via entry other
different methods such as a transseptal antegrade approach via a thoracotomy for
accessing the mitral valve.

{00651 Similar o delivery system 730 described above with respect to FIGS. TA,
78 and 8-13, prosthetic valve delivery system 1630 includes an outer retractable
sheath or tube 1634 positioned over the a catheter {not shown in FIGS. 16-20)
having compressed valve prosthesis 100 to keep it from expanding and to minimize
interference between the valve prosthesis and the vasculature through which it will
be traveling. Valve prosthesis 100 is mounied over an inner shaft of the catheter at
the distal end thereof and sheath 1634 surrcunds and constraing valve prosthesis
100 in the compressed configuration. After being advanced into the left atrium LA,
prosthetic valve delivery system 1630 including sheath 1634 may then be advanced
through the mitral valve MV and into the left ventricle LV as shown in FIG. 17. Distal
tip 1640 of prosthelic valve delivery system 1630 is advanced into the lelt ventricle
LY until valve prosthesis 100 is centered at the native mitral valve, ie., deploved in
the annulus of the native miiral valve, with elemenis 120 of valve prosthesis 100
contained within sheath 1634 and distally extending into the left ventricle LV. As
previously discussed, deploying valve prosthesis 100 in the middle of the native
valve rather than the outflow side of the nalive mitral valve minimizes the length
which the prosthesis and the delivery system protrudes into the left ventricle.

{0066] Referring now o FIG. 18, when valve prosthesis 100 is in position in the
middie of the native mitral valve, elements 120 of valve prosthesis 100 are released
by retracting sheath 1634 of prosthetic valve delivery system 1630 by a sufficient
amaount that this portion of the prosthesis is exposed. Due (o the self-expanding
properties of the elements 120, support arms 1224, 1228 will expand radially
outwardly relative to the sheath in which it was enclosed. As shown FiG. 18, and
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also referring to FIG. 8 described above, upon initial release from sheath 1634,
elements 120 flare or spread outwardly from the outer surface of the remainder of
the prosthesis such that elements 120 are acutely angled with respect to longitudinal
axis Ls. During the transformstion between the distally-exiending compressed
configuration and the proximally-extending deployed configuration, support arms
1224, 1228 are located on cutfiow side, ie., the left ventricle LV side, of the mitral
valve while stent 102 of prosthesis 100 is positioned within the mitral valve and still
contained within sheath 1634.

{0067} Exposure and rofation of slements 120 continugs as sheath 1634 is
retracted. FIG. 18 jllustrates elements 120 fully exposed or released from sheath
16834 while stent 102 is still compressed within sheath 1634, Elements 120 are now
proximally extending, and support arms 1224, 1228 firmily press against the native
mitral valve leaflets and/or the left ventricle LV in order to position valve prosthesis
100.

{00681  After elements 120 are deploved to anchor or hold valve prosthesis 100 in
place as desired, sheath 1634 continues 1o be proximally retracted, exposing self-
expanding stent 102 such that stent 102 is released from the delivery system o
assume its deployed configuration. Due to the self-expanding properiies of the stent
frame, stent 102 will expand outwardly relative to the sheath in which it was
enclosed. Sheath 1634 is proximally retracted until the proximal end of stent 102 is
exposed and allowed o self-expand, thereby uncoupling the prosthesis from
catheter 1632. The delivery system can then be retracted from the patient, leaving
the expanded prosthesis 100 deployed at the mitral valve as shown in FIG. 20, In
the final depioyed configuration of valve prosthesis 100, each element 120
proximally extends from a distal end 104 of stent 102. Each element 120 rotales in &
radial direction between 90 and 180 degrees from the inilial distally-exiending
compressed configuration to the final proximally-extending deployed configuration
untit support arms 1224, 122B firmly press against the native mitral vaive leaflets
andfor the left ventricle LV in order 1o position valve prosthesis 100. The amount or
degree of rotation may depend upon a patient’s individual anatomy and state of the
native mitral valve leaflets.

(00691 FIGS. 21A, 218, 22A, 22B lllustrales another embodiment of elements for
positioning and/or sealing with double or dual support arms that may be utilized in
any embodiment described herein.  More particularly, a8 valve prosthesis 2100 is
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shown in its compreassed or delivery configuration in the side views of FIG. 21A and
FIG. 218 and in its expanded or deploved configuration in the side views of FiG. 224
and FiG. 228B. Similar 1o embodiments described above, valve prosthesis 2100
includes a framework or stent 2102, a valve component 2116 attached within the
interior portion of stent 2102 that is capable of blocking flow in one direction to
regulate flow through valve prosthesis 2100 via leaflets 2118A, 21188, and elemenis
2120 for positioning andfor sealing. Stent 2102 of valve prosthesis 2100 is a
generally tubular expandable body having a stepped outer diameter or profile
extending bhetween a proximal end 2106 and distal end 2104, Similar o
embodiments described above, the stepped cuter diameler of stent 2102 includes a
distal or ventricular segment 2108 and a proximal or afrigl segment 2110 having an
expanded diameter which is greater than the expanded diameter of distal segment
2108.

{00701 In one embodiment, elements 2120 for positioning andior sealing extend
from opposing sides of stent 2102, kach element 2120 may include a first or outer
U-shaped support arm 21404, 21408, respectiully, and a second or inner U-shaped
support arm 2142A that each distally extend from a distal end 2104 of stent 2102,
The second or inner U-shaped support arm adjacent to outer U-shaped support arm
21408 is obscured from view in the figures, but it will be undersiood by those of
ordinary skill in the art that each element 2120 may include both an outer U-shaped
support arm and an inner U-shaped support arm. When released from a delivery
sheath {not shown), each of the U-shaped support arms gradually bends outwardly
and then towards an outer surface of the delivery device or stent until they transform
from their compressed configuration of FIG. 21A and FIG. 218 to their deployed
configuration of FIG. 22A and FIG. 22B in which each of the U-shaped support arms
proximally extends from distal end 2104 of stent 2102, As in embodiments
described above, gach of the U-shaped support arms bends or rotates more than
ninety degrees with respect to iis compressed, delivery configuration during
deployment of valve prosthesis 2100. In one embodiment, each U-shaped support
arm rotates between 135 degrees and 180 degrees during deployment of valve
prosthesis 2100. Compared 1o a single U-shaped support arm, outer and inner U-
shaped support arms provide each element 2120 with additional spring force for

improved sealing, anchoring and/or positioning of the valve prosthesis.
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{00711 Adjacent culer and inner U-shaped support arms of each element for
positioning and/or sealing are coupled fogether via a connector 21444 which
ensures thal both U-shaped support arms of the element for positioning and/or
sealing remain in the same plane during deployment. Connector 2144A has a flared
V-shaped configuration in which an apex 2145 of connectar 2144A is coupled o a
peak or crest 2143 of inner support arm 2142A. More particularly, connector 2144A
includes two curved legs 2146A, 2146B. First ends of legs 2146A, 21468 are
coupled to peak 2143 of inner support arm 21424, and curved legs 21404, 21468 of
connector 2144A extend or flare away from each other such that second ends of
legs 2146A, 21468 are coupled adjacent to or on opposing sides of a peak or crest
2141 of outer support arm 2140A. Due o the curved legs 2148A, 21468 of
connector 2144A, the distance or space between the crowns of ouler and inner U-
shaped support arms is adjusiable and allowed to change. Legs 21464, 21468
aliow the distance or space between peak 2143 of inner support arm 21424 and
peak 2141 of outer support arm 2140A because the curved legs of connector 2144A
may bend, resulting in a shorler distance between peak 2143 and peak 2141, or the
legs of connector 2144A may straighten, resulting in a greater distance between
peak 2143 and peak 2141, The distance or space beatween peak 2143 and peasak
2141 may increase during crimping when valve prosthesis 2100 is in its compressed
contiguration shown in FIG. 214, 218, and the distance or space may decrease
during expansion when valve prosthesis 2100 is in iis deploved configuration.
Connector 2144A, as well as the inner and outer U-shaped support arms, may be
laser cut from a tube of self-expanding material and thereby integrally formed as part
of the stent, or may be formed separately and subsequently attached to the sient.
Although connector 2144A is only visible in FIGS. 21A, 218, 224, 22B between inner
support arm 21424 and outer support arm 2140A, it will be undersicod by those of
ordinary skill in the art that such a conneclor couples the outer and inner support
arms of each element for positioning and/or sealing extending from the prosthesis.

{00721  FIGS. 23A, 238, 23C illustrate an embodiment of a valve prosthesis 2300
including a lattice framework or stent 2302 and elements 2320 for positioning and/or
sealing with dual U-shaped support arms that distally extend from a distal end 2304
of the valve prosthesis. More particularly, elements 2320 include a first or outer U-
shaped support arm 2340A, 23408, respectiuily, and a second or inner U-shaped
support arm 2342A, 23428 that each bend or rotate more than ninety degrees with
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respect (o its compressed, delivery configuration during deployment. Each outer
support arm is connected {0 its respective inner support arm via a connector 23444,
as described above with respect o connector 2144A. In the embodiment of FIGS.
23A, 238, 23C, the U-shaped support arms extend from the distalmost crowns or
apexes 2353 of attice stent 2302. Compsared to the embodiment shown in FIGS.
24A-24C, stent 2302 has a smailer crimped profile for delivery.

[0073] FIGS. 24A, 248, 24C illustrate an embodiment of a valve prostheasis 2400
that is similar to valve prosthesis 2300, except that elements 2420 for positioning
andfor sealing do not extend from distalmost crowns or apexes 2453 of a lattice
stent 2402, Rather, elements 2420 exiend from between the distaimost crowns or
apexes 2453 of lattice stent 2402, As best shown in FIG. 248, in order to shorten or
minimize the open space or distance 2450 belween adjacent elements 2420,
glements 2420 extend from opposing sides of a distalmost crown 2453 such that
elements 2420 are separated only by the widih of the crown. More particularly,
elements 2420 distally extend from a distal end 2404 of the valve prosthesis and
include a first or outer U-shaped support arm 24404, 24408, respectiully, and a
second or inner U-shaped support arm 2442A, 24428 that each bend or rofate more
than ninety degrees with respect o its compressed, delivery configuration during
deployment. Each outer support arm is connected to its respeclive inner support
arm via a connector 24444, as described above with respect o connector 21444,
Elemenis 2420 exiend from between the distalmost crowns or apexes 2453 of lattice
stent 2402 to minimize open space or distance 2450 and thereby prevent the
prosthetic valve leaflets from obstructing the outfliow end of valve prosthesis 2400
and the left veniricular outflow tract (LVOT). Quter U-shaped support arms of
glements 2420 are closer together, and act as an obstacie in the path that the
prosthetic valve leafiets would follow when overlapping onto stent 2402 and thereby
keeps the flow path cdlear. Ancther benefit of extending elemenis 2420 from
between the distaimost crowns or apexes 2453 of lattice stent 2402 is that elements
2420 are located more proximal along the prosthesis compared o the embodiment
shown in FIGS. 23A-23C, which minimizes the length or amount of material that
projects or extends in the left ventricle.

{0074} FIGS. 25A and 25B illustrate another embodiment of a valve prosthesis
2500 that is similar o valve prosthesis 2400, except that each element 2520 for
positioning and/or sealing includes friple support arms for additional spring force for
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improved sealing, anchoring and/or positioning of the valve prosthesis. Each
element 2520 exiends from between the distalmost crowns of a distal end 2504 of a
lattice stent 2502 and includes a first or guter U-shaped support arm 25404, a
second or intermediate U-shaped support arm 25424, and a third or inner U-shaped
support arm 2554A. When released from a delivery sheath {(not shown in FIG. 25A
or FiG. 258), ali of the U-shaped support arms gradually bend outwardly and then
towards an outer surface of the delivery device or stent until they reach their
deployed configuration of FIG. 25A and FIG. 25B in which all of the U-shaped
support arms proximally extend from distal end 2504 of stent 2502, As in
embodiments described above, all of the U-shaped support arms bend or rotate
more than ninely degrees with respect o s compressed, delivery configuration
during deployment of valve prosthesis 2500, In one embodiment, each U-shaped
support arm rotates between 135 degrees and 180 degrees during deployment of
valve prosthesis 2100, Although oniy one element 2520 is shown in described in
FIGS. 25A, 258, it will be undersiood by those of ordinary skill in the art that valve
prosthesis 2500 may include al least two elementis for positioning and/for sealing
extending from opposing sides of the prosthesis. kEach element 2520 may include
triple U-shaped support arms for sealing, anchoring and/or positioning the valve
prosthesis.

{0075] Adjacent U-shaped support arms of each element 2520 are coupied
together via a connector which ensures thal each support arm of element 2520
remains in the same plane during deployment. More specifically, outer U-shaped
support arm 2540A is coupled o intermediate U-shaped support arm 2B42A via a
connector 2544A and intermediate U-shaped support arm 25424 is coupled to inner
U-shaped support arm 2554A via a connector 2556A. Conneactors 25444, 2556A
have the same flared V-shaped configuration as connecior 2144A described above.
Due to the curved or flared lags of connectors 2544A, 2556A, the distance or space
between the peaks of adjacent U-shaped support arms is adjustable and allowed to
change as described with respect (o connector 2144A.

{00761 FIG. 27 depicts an exemplary transcatheter heart valve prostheasis 100
Heart valve prosthesis 100 is #lusirated herein in order to facilitate description of the
methods and devices o prevent and/or repair paravalvular leakage according to
embodiments hereof. It is understood that any number of aliernate heart valve
prosthases can be used with the methods and devices described herein. Heart
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valve prosthesis 100 is merely exemplary and is described in more detail in U.S.
Patent Application Pub. No. 2011/8172765 t© Nguyen ef al, which is herein
incorporated by reference in its entirety.

{00771 Heart valve prosthesis 100 may include an expandable stent or frame 102
that supports a prosthetic valve component within the interior of stent 102, In some
embodiments, sient 102 is self-expanding to return 1o an expanded deployed state
from a compressed or constricted delivery state and may be made from stainless
steel, a pseudo-elastic metal such as a nickel fitanium alloy or Nitinol, or a so-called
super alloy, which may have a base metal of nickel, cobalt, chromium, or other
melal. “Self-expanding” as used herein means that a structure/component has a
mechanical memory 1o returmn o the expanded or deployed configuration.
Mechanical memary may be imparted to the wire or tubular structure that forms sternt
102 by thermal treatment o achieve a spring temper in stainless steel, for example,
or to set a shape memory in a susceptible metal alioy, such as nitinol, or a polymer,
such as any of the polymers disclosed in U.S. Pal. Appl. Pub. No. 2004/0111111 to
Lin, which is incorporated by reference herein in its entirety.  Allernatively, heart
valve prosthesis 100 may be balloon-expandable as would be understood by one of
ordinary skill in the art.

{00781 In one embodiment, stent 102 of valve prosthesis 100 has a deployed
configuration including a proximal end 106 and a distal end 104. As shown in the
deployed configuration of FIG. 27, distal end 104 may have an expanded diameter
Dy and proximal end 106 may have an expanded diameter D, which is greater than
diameter Dy. In one embodiment, when placed at a native aortic valve target site,
distal end 104 exiends into the left ventricle and proximal end 104 extends into the
aorta. Each portion of stent 102, e, distal end portion 104 and/or proximal end
portion 106, may be designed with a number of different configurations and sizes o
meet the different reguirements of the locations in which it may be implanted. Each
portion or segment of stent 102, for example, distal end portion 104 and/or proximal
end portion 108, may have the same or different cross-section which may be for
example circular, ellipsoidal, rectangular, hexagonal, square, or cther polygonal
shape, although at present it is believed that circular or ellipsoidal may be preferable
when the valve prosthesis is being provided for replacement of the mitral valve.
When configured as a replacement for an aortic valve, distal end 104 functions as an
inflow end of haart valve prosthesis 100 and extends into and anchors within the
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aortic annulus of a patient’s left ventricle, while proxdmal end 106 functions as an
outflow end of heart valve prosthesis 100 and is positioned in the patient's ascending
aorta. When configured as a replacement for a milral valve, proximal end 106
functions as an inflow end of heart valve prosthesis 100 and is positioned in the
patient’s left atrium, while distal end 104 funclions as an outfiow end of haarl valve
prosthesis 100 and extends into and anchors within the mitral annulus of a patient’s
left ventricle. For example, U.S. Palent Application Publication Nos. 2012/0101572
to Kovalsky ef al. and 2012/0035722 {o Tuval, each of which are herein incorporated
by reference in their entirety, ilustrate heart valve prostheses configured for
placement in a mitral valve. In various embodiments, valve prosthesis 100 when
deployed may have an hourglass configuration, a generally tubular configuration, or
other stent configurations or shapes known in the art for valve replacement. Slent
102 also may include eyelets or connectors 103 that may extend from either end or
poth ends thereof for use in loading the heart valve prosthesis 100 into a delivery
catheter.

{00791  As previously mentioned, heart valve prosthesis 100 includes a prosthetic
valve component 116 within the interior of stent 102. The prosthelic vaive
component is capable of blocking flow in one direction to regulate flow there through
vig valve leaflets 118 that may, for example, form a bicuspid or tricuspid replacement
valve. More particularly, if heart valve prosthesis 100 is configured for placement
within a native valve having three leaflets such as the aortic, tricuspid, or pulmonary
valves, heart valve prosthesis 100 may include three valve leaflets 118, W heart
valve prosthesis 100 is configured for placement within a nalive valve having two
leaflets such as the mitral valve, heart valve prosthesis 100 may include two valve
leaflets 118, Vaive leaflets 118 may be sutured or otherwise securely and sealingly
attached to the interior surface of stent 102 and/or graft materigl which may enclose
or line stent 102 as would be known to one of ordinary skill in the art of prosthatic
tissue valve consiruction. Adjoining pairs of leaflets may be attached to one ancther
at their lateral ends fo form commissures, with free edges of the leaflels forming
coaptation edges that mest in area of coaplation.

{00801 Lesilets 118 may be made of pericardial material; however, the leafletls
may insiead be made of another material.  Natural lissue for replacement valve
leaflets may be obtained from, for example, heart valves, aortic rools, aortic walls,

aortic leaflets, pericardial tissue, such as pericardial patches, bypass grafts, blood
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vessels, intestinal submucosal tissue, umbilical tissue and the like from humans or
animals. Synthetic materials suitable for use as leaflets 118 include DACRON®
polyaster commercially available from Invista North America S.AR.L. of Wilmington,
DE, other cloth materials, nvlon blends, polymeric materials, and vacuum deposition
nitinol fabricated materials. One polymeric malerial from which the ieaflets may be
made ig an ullra-high molecular weight polyethylene material commercially available
under the trade designation DYNEEMA from Royal DSM of the Netherlands., With
certain leafief materials, it may be desirable to coat one or both sides of the |eaflet
with 8 material that will prevent or minimize overgrowth. It is further desirable that
the leaflet material is durable and not subject {o stretching, deforming, or fatigue.
{0081] Graft material may also be a natural or biological material such as
pericardium  or ancther membrancus tissue such as  intestinal  submucosa.
Alternatively, graft maierial may be a8 low-porosity woven fabric, such as polyester,
Dacron fabric, or PTFE, which creates a one-way fluid passage when altached o the
stent. In one embodiment, graft material may be a knit or woven polyester, such as
a polyester or PTFE knit, which can be utilized when it is desired to provide a
medium for tissue ingrowth and the ability for the fabric to siretch o conform to a
curved surface. Polyester velour fabrics may alternatively be used, such as when it
is desired to provide a medium for tissue ingrowth on one side and a smooth surface
on the other side. These and other appropriate cardiovascular fabrics are
commercially available from Bard Peripheral Vascular, Inc. of Tempe, Ariz., for
example.

{00821 In one embodiment, delivery of hearl valve prosthesis 100 may be
accomplished via a percuianecus transfemoral approach. During delivery, the
prosthetic valve remains compressed until it reaches a target diseased native heart
valve, at which time the heart valve prosthesis 100 can be released from the delivery
catheter and expanded in situ via self-expansion. The delivery catheter is then
removed and heart vaive prosthesis 100 remains deployed within the native target
heart valve.

{00831 FIG. 28 is a side view illustration of heart valve prosthesis 100 implanted
within a native heart valve, which is shown in section, having native leatlets Ly and
corresponding native sinuses Sy, In one embodiment, when heart valve prosthesis
100 is deployed within the valve annulus of a native heart valve, stent 102 expands
within native valve leaflets Ly of the patient's defective valve, refaining the native
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valve leaflets in a permanently open state. The native valve annulus may include
surface irregularities on the inner surface thereof, and as a result one or more gaps
or crevices 226 may be present or may form between the perimeter of heart valve
prosthesis 100 and the native valve annulus. For example, calcium deposiis may be
present on the native valve leaflels {e.g., stenctic valve leaflels}) and/or shape
differences may be present between the native heart valve annuius and prosthesis
100, More particularly, in some cases native annull are not perfectly rounded and
have indentations corresponding to the commissural points of the nalive valve
leaflets. As a result, a prosthesis having an approximately circular shape does not
provide an exact fit in a native valve. These surface irregularities, whatever their
underlying cause, can make it difficult for conventional prosthetic valves o form a
blood tight seal between the prosthetic valve and the inner surface of the valve
annuius, causing undesirable paravalvular leakage and/or regurgitation at the
implantation site.

{00841 In one embodiment, as shown in FIG 29, stent 102 has a latlice
configuration, which is shown in a compressed configuration. Stent 102 may be a
unitary integral structure formed from a single tubular component. Stent 102 may be
produced by machining or [aser cutting the stent from a metal tube, as is commaonly
employed in the manufaciuring of stents.

{0085] Some embodiments hereof relate 1o methods for delivering a heart vaive
prosthesis having a self-expanding anti-paravalvular leakage component thereon
that functions to occlude or fill gaps between the perimeter of a heart valve
prosthesis and the native valve annulus, thereby reducing, minimizing, or eliminating
leaks there through. An anti-paravalvular leakage component 330 is shown in FIG.
30 in its deployed or expanded configuration, extending around the outer surface or
perimeter of stent 102 of heart valve prosthesis 100 adjaceni io distal end 104
thereof to prevent paravalvular leakage in sidu. When deployed, anti-paravabvular
leakage component 330 may be positioned al the native valve annulus, slightly
above the valve annulus, slightly below the valve annuius, or some combination
thereof, and functions o substantially fill any/all gaps or cavilies/crevices between
the outer surface of stent 102 and native valve tissue., "Substantially fill” as utilized
herein means that blood fiow through the target gap or cavily is occluded or blocked,
or stated anocther way blood is not permitted fo flow there through. Anti-paravalvular
leakage component 330 blocks biood flow around the ouler perimeter of prosthesis
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100, thereby minimizing and/or eliminating any paravalvular leakage at the
implantation site. Although some embodiments depicted herein illustrate an anti-
paravalvular leakage component integrated onto a heart vaive prostheasis configured
for implantation within an aortic valve, one of ordinary skill in the art would
understand that an anti-paravaivular leakage component as described hergin may
be integrated onto a heart valve prosthesis configured for implantation within other
heart valves such as but not limited o the mitral valve.

{00861 In one embodiment, anti-paravalvular leakage component 330 includes
one or more elements 120 for sealing and one or more annular sealing members
338 coupled o the one or more elements 120, In one embodiment, annular sealing
member 338 comprises one or more graft materials as described above. In one
embadiment hereof elements 120 may be spaced apart in non-equal intervals or
distances around the outside of the heart valve prosthesis 100. For example, it may
be desirable to position one or more elemenis 120 at a location on the heart valve
prosthesis corresponding to an area prone to leakage in sifu, such as adjacent to the
native valve commissures. In one embaodiment, anti-paravalvular leakage component
330 is moveable between a compressed configuration and a deployed configuration.
{00871  In one embodiment, annular sealing skirt or member 338 is coupled to one
or more elements 128, In one embodiment, annular sealing member 338 may be
formed from a swellable material that collapses easily and expands 1o a larger
volume after implaniation, such as but not limited to hydroge! or a collagen
foam/sponge similar o the material commercially available under the trademark
Angioseal. Other suitable material examples for annular sealing member 338
include tissue, compressible foam materials, compressible polymeric materials, or a
low-porasity knit or woven fabric, such as polyester, Dacron fabric, or PTFE. Porous
materials advantageously provide a medium for tissue ingrowth and have the ability
to stretch to conform 1o a curved surface. Polyester velour fabrics may alternatively
be used, such as when i i8 desired {o provide g medium for tissue ingrowth on one
side and a smooth surface on the other side. Sealing member 338 may include one
or more of the above-listed materigls, such as but not limited to a combination of
foam, fabric, and/or tissue.

{00881 In one embodiment, sealing membaer 338 is coupled o an inner surface of
elements 120 when elements 120 are in the deployed configuration. Sealing
member 338 may be coupled o elements 120 via sutures or other suitable
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mechanical connection. In ancther embodiment hereof sealing member 338 may be
coupled o an outer surface of elements 120 when elements 120 are in the deployed
configuration.  In vel ancther embodiment heregof a first sealing member may be
coupled to an inner surface of elements 120 and a second sealing member may be
coupled o an ouler surface of elements 120, thereby sandwiching elements 120
between two layers of sealing material.

{00881 In one embodiment, the length or diameter of sealing member 338 is
approximately equal to or only slightly greater, Tor example, up to 10% greater, than
the expanded outer diameter of stent 102. When elements 120 radially expand or
deploy as described in more detall herein, annular sealing member 338 is positioned
around the outer surface or perimeter of heart valve prosthesis 100, When
deployed, annular sealing member 338 exiends into and substantially fills any/all
gaps or cavities/crevices between the outer surface of stent 102 and native valve
tissue o prevent paravalvular leakage. In another embodiment hereof the length or
diameter of sealing member 338 is between 10% and 50% greater than the
expanded outer diameter of stent 102, As such, the material of sealing member 338
may bunch or billow in regions between adjacent elements 120. The excess or slack
material may further extend into and substantially fill any/all gaps or cavities/crevices
pbetween the outer surface of stent 102 and nalive valve tissue to prevent
paravalvular leakage in sifu.

{00901  In one embodiment, sealing members 338 may be coupled or attached o
one or more elements 120, wherein separate sealing members 338 together form a
complete annular anti-paravalular ieakage component or seal 330, Alternatively,
one or more sealing members 338 do not form a complete annular seal. In one
embodiment, upon deployment of elements 120 in their deployed configuration,
separate sealing members 338 coupled o each element 120 overlap to form a
compiete annular sealing member. In one embodiment, upon deployment of
elements 120 in their deployed configuration, separate sealing members 338
coupled o each element 120 do not overlap o form a complete annular sealing
member. instead, sealing members 338 and elements 120 may be arranged around
the perimeter of stent 102 so that in a deployed configuration sealing members 338
and elements 120 cover, surround, or exiend around one or morg portions of the
surface or perimeter of stent 102, thereby not forming a complete annular sealing
member.  In ong embodiment, prosthesis 100 may comprises different sized and
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shaped elemenis 120. For example, prosthesis 100 may comprise one or more
elements 120 sized and shaped o serve as a sealing element and one or more
elements 120 sized and shaped to serve as a positioning and/or anchoring element.
{60811 Deployment of anti-paravalvular leakage component 330 from the
compressed or delivery configuration to the expanded or deployed configuration will
now be discussed with reference o FIGES. 31-35. FIGS. 31-35 illustrate one
embodiment of a progressive deployment of an anti-paravalvular leakage component
330 having annular sealing member 338 coupled to elements 120, Although not
shown in FIGS. 31-35, in one embodiment, annular sealing member 338 may pack
or compress within and between compressed elements 120 during delivery thereof.
Accordingly, anti-paravalvular leakage component 330 advantageously does not
increase, or minimally increases, the packing profile of heart valve prosthesis 100 so
that heart valve prosthesis 100 has the ability {o pack in lower profile delivery
systems.

{00821 FIGS. 31-35 illustrate side and end views, respectively, of one
embodiment of a progressive deployment of a valve prosthesis 100 in an
compressed or delivery configuration sized for delivery to the target site, loaded into
a delivery systemn 730. Valve prosthesis 100 includes a tubular frame or stent 102, a
valve (not shown in FIGS. 31-35 for illustrative purposes) attached within the interior
portion of stent 102, two elements 120 and a sealing membrane 338 coupled o
elements 120. In the compressed or delivery configuration, each element 120 is
approximately parallel with a longitudinal axis L, of stent 102 and distally extends
from a distal end 104 of stent 102, Delivery system 730 includes a catheter 732 and
an outer retractable sheath or tube 734. Valve prosthesis 100 is mounted over an
inner shaft 736 of catheter 732 at the distal end thereol and sheath 734 surrounds
and constraing valve prosthesis 100 in the compressed configuration. In one
embodiment, catheter 732 may also include a retainer 738 which temporarily
secures proximal end 706 of stent 702 onto catheter 732, For example, retainer 738
may include an end stent capture configuration as described in U.S. Patent Pub.
2008/0276027 to Glynn, which is hereby incorporated by reference herein in its
entirety.

{00831 In order to begin deployment of valve prosthesis 100, sheath 734 is
refracted in a proximal direction {o expose and release elements 120 as shown in

FIG. 31, Upon initial release from sheath 734, elements 120 flare or spread
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outwardly from the distal end of stent 102 such that elements 120 form an acute
angle & with respect {o longitudinal axis Ls. Sealing member 338 radially expands
or bulges outward when elements 120 are released from sheath 734, As sheath 734
is further retracted, elemenis 120 continue to be exposed and continue 1o bend
backwards towards the outer surface of sheath 734 and stent 102, Notably, as
elements 120 are released from sheath 734, stent 102 remains constrained within
sheath 734. FIG. 32 illustrates elements 120 approaching a transverse reference
axis 935 between the initial distally-extending compressed configuration and the final
proximally-exiending deployed configuration.  Transverse reference axis 935 as
utilized herein describes an imaginary reference line that extends approximately
ninety degrees or perpendicular to the longitudinal axis La of stent 702. FIG. 33
iHlustrates elements 120 after passing over the transverse reference axis 935, with
glements 120 fully exposed or released from sheath 734 while stent 102 is still
compressed within sheath 734, One particular feature of elements 120 is apparent
when comparing FiG. 32 and FiG. 33, Elements 120 bend or curve gradually
backwards such thal distal porlions or tips 950 of elements 120 pass over the
transverse reference axis 935 before proximal portions or bases 952 of elements
120,  After distal tips 850 of elemenis 120 pass or cross over the fransverse
reference axis 935 and are pointing in & proximal direction, proximal bases 952 of
elements 120 approach the fransverse reference axis 935 as shown in FiG. 33
Stated another way, distal tips 950 of sach element 120 bend past transverse
reference axis 935 prior o proximal bases 8952 of each element 120. Dus to the
above-described flaring or expanding sequence in which elements 120 curve
packward, the length of elemenis 120 may be greater than if both the proximal and
distal portions of elements 120 crossed over the transverse reference axis 835 at the
same time, ig., if elements 120 were straight and extended generally parallel to the
transverse reference axis 835 during deployment. In addition, since stent 102 is still
compressed within sheath 734, it can be observed that the length of elements 120
may be greater than if sient 102 was released from sheath 734 and in a deployed
configuration.

{60841 FIG. 34 and FIG. 35 iHlustrate the continued deployment of wvalve
prosthesis 100, Sheath 734 continues o be proximally relracted, exposing self-
expanding stent 102 such that stent 102 is released to assume its deployed
configuration. Sheath 734 is proximally retracted untif proximal end 106 of stent 102
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is exposed and allowed to self-expand, thereby uncoupling from retaining tip 738 of
catheter 732. As sheath 734 was retracted, anti-paravalvular leakage component
330 continued 0 be exposed and elemenis 120 continued o bend backwards
towards the outer surface of sheath 734 and stent 102,

[0085] FIG. 36 iliustrates the final deployed configuration of valve prosthesis 100,
in which each element 120 proximally extends from a distal end 104 of stent 102, In
this embodiment, sealing member 338 is shown extending between elements 120
and exiending into and substantially filling any/all gaps or cavities/crevices between
outer surface of stent 102 and native valve tissue 1o prevent paravalvular leakage in
situ. As previously described, the backwards rotation that occurs during deployment
results in each element 120 translating more than ninely degrees from iis
compressed, delivery configuration.  During deployment, each element 120
essentially deploys or translates in an arc path that extends between 80 and 180
degrees from the inilial compressed configuration and the final deployed
configuration. In the embodiment of FIG. 36 shown ex vivo, each element 120 bent
or rotated about 180 degrees belween the initial distally-extending compressed
configuration and the final proximally-extending deploved configuration.  In one
embodiment, when positioned in vivo, one or more sealing members 338 may be
sandwiched between one or more elements 120 and the outer surface of stent 102
and as a result, the total rotation or bending of elements 120 in the final deployed
configuration may be less than 180 degrees with respect (o the initial distally-
extending compressed configuration.

{00861  While various embodiments according o the present invention have been
described above, it should be understood that they have been presented by way of
flustration and exampie only, and not limitation. It will be apparent to persons skilled
in the relevant art that various changes in form and detail can be made therein
without departing from the spirit and scope of the invention. For example, although
support arms of various embodiments are described herein as U-shaped, it will be
understood by one of ordinary skill in the art that any support arm described herein
may be generaily U-shaped or V-shaped as shown in FIGS. 206A-26F. In addition,
valve prostheses described here may include one or more elements for positioning
and/or sealing that transform from either an initial distally-exiending compressed
configuration to a final proximally-extending deployed configuration, or an initial
proximally-extending compressed configuration o a final distally-extending deployed
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configuration, or both.  In one embodiment, a minimum of two elements for
positioning and/or sealing are employed such that a support arm is positioned
behind each leaflel of a nalive milral valve. However, additional elements for
positioning and/or sealing may be included without departing from the spirif and
scope of the invention. In one embodiment, four elements for positioning and/or
sealing may be circumferentially disposed around the perimeter of a stent that
supports a prosthetic bileaflet valve therein. In another embodiment, three slements
for positioning and/or sealing may be circumferentially disposed around the
perimeter of a stent that supporis a prosthetic trileaflet valve therein.

{00871 In addition to variations of the elements for positioning and/or sealing,
various changes in form and detail can be made to the stent of the valve prosthesis
without departing from the spirit and scope of the invenlion. As previously
described, the stent frame may have any suitable configuration known in the art. In
addition, although not required, portions of the stent may be selectively plated with
platinum or other biocompatible material to provide improved visibility during
fiuoroscopy and thereby aid in positioning the stent in the middle of the mitral valve
for deployment. In one embodiment of the present invention, one or more
radiopaque markers {not shown} may be attached to the valve prosthesis at one or
more predetermined locations. The marker may be formed of platinum or any other
relatively heavy metal, which may be generally visible by X-ray fluoroscopy.

{00981 Accordingly, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be
defined only in accordance with the appended claims and their egquivalents. | will
also be undersiood that each feature of each embodiment discussed herein, and of
each reference cited herein, can be used in combination with the features of any
other embodiment. Al patents and publications discussed herein are incorporated
by reference herein in their entirety.
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CLAIMS

What is claimed is:

1. A heart valve prosthesis comprising:

a tubular stent having a compressed configuration for delivery within a
vasculature and a deployed configuration for deployment within a native heart valve;

a prosthetic valve component disposed within and secured {o the stent;

one or more elements coupled to a distal end of the slent,each
element including an outer generaily U-shaped or V-shaped support arm and an
inner generally V-shaped or U-shaped support arm that both distally extend from the
distal end of the stent when the stent is in the compressed contiguration, wherein
during deployment of the prosthesis each support arm bends radially outward and
then towards an outer surface of the stent such that it translates more than ninety
degrees from the compressed configuration {0 proximally extend from the distal end
of the stent when the stent is in the deploved configuration; and

a graft material coupled o at least & portion of the hearl valve
prosthesis.

2. The heart vaive prosthesis of claim 1, wherein each element is
approximately parallel with a longitudinal axis of the stent and distally exiends from
the distal end of the stent when the stent is in the compressed configuration.

3. The heart valve prosthesis of claim 2, wherein each slement
rotates in & radial direction between 135 degrees and 180 degrees from the
compressed configuration during depioyment of the prosthesis.

4. The heart valve prosthesis of claim 1, wherein the graft material
is coupled {0 at least a portion of the tubular stent.

5. The heart valve prosthesis of claim 1, wherein the graft material

is coupled {6 one or more elements.
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8. The heart valve prosthesis of claim 1, wherein the stent and the

elements are formed as a unitary structure.

7. The heart valve prosthesis of claim 1, wherein each outer
support arm is connected o each inner support arm by two curved legs, wherein first
ends of the legs extend from a peak of the inner support arm and the curved legs
flare away from each other such that second ends of the legs extend from opposing

sides of a peak of the outer support arm.

8. The heart valve prosthesis of claim 1, wherein each support arm

axtends from distalmost crowns of the stent.

a. The heart vaive prosthesis of claim 1, wherein each support arm

extends from between distaimost crowns of the stent.

10.  The heart valve prosthesis of claim 1, wherein each element
includes an intermediate U-shaped or V-shaped support arm between the ouler

support arm and the inner support arm.

11, A heart valve prosthesis comprising:

a tubular stent having a compressed configuration for delivery within a
vasculature and a deployed configuration for deployment within a native heart valve;

a prosthetic valve component disposed within and secured to the stent;

ong or more elements coupled o a distal end of the stent, wherein
each element is attached {o the stent by two V-shaped connectors such that there
are four connection points belween each element and the stent, each element
including & generally U-shaped or V-shaped support arm that is approximately
parallel with a longitudinal axis of the stent and distally extends from the distal end of
the stent when the stent i3 in the compressed configuration, wherein during
deployment of the prosthesis each element bends radially outward and then towards
an outer surface of the stent such that the support arm translates between 135
degrees and 180 degrees from the compressed configuration to proximally extend
from the distal end of the stent when the stent is in the deployed configuration; and

a graft material coupled to &l least a portion of the heart valve

prosthesis.
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12.  The heart valve prosthesis of claim 11, wherein the graft

material is coupled o at least a portion of the tubular stent.

13.  The hearl valve prosthesis of claim 11, wherein the grait

material is coupled {0 one or more slements.

14, The heart valve prosthesis of claim 11, whergin the stent and

the elements are formed as a unitary struciure.

15. A method of perculaneously delivering and deploying a
prosthetic vaive within a native valve comprising:

tracking a prosthetic valve delivery system through the vasculature to
the native valve, wherein the prosthetic valve delivery system includes a valve
prosthesis having a tubular stent, a prosthetic valve component disposed within and
secured o the stent, one or more elements coupled to a distal end of the stent, the
glements each having an cuter generaily U-shaped or V-shaped support arm and an
inner generally U-shaped or V-shaped support arm that both distally extend from the
distal end of the stent when the stent is in a compressed configuration for delivery,
and a graft material coupled to at least a portion of the heart valve prosthesis;

retracting an outer sheath of the prosthetlic vaive delivery system {o
expose the elemenis, wherein each support arm bends radially outward and then
towards an outer surface of the stent such that it translates more than ninety
degrees from the compressed configuration o proximally extend from the distal end
of the stent and press against the native valve and/or a ventricular wall; and

further retracting the outer sheath o expose the stent, thereby allowing

the stent to self-expand into a deployed configuration.

16, The method of claim 15, wherein the graft material is coupled o

at least a portion of the tubular stent.

17.  The method of claim 15, wherein the graft material is coupled o

one or more elements.

18. The method of claim 15, wherein the step of tracking the

prosthetic valve delivery system through the vasculature to the native valve includes
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advancing the delivery system into through the vasculature until the valve prosthesis
is centered within the native valve with the elements contained within the outer

sheath and distaily extending inio a ventricle.

19, The method of claim 15, wherein the sient is contained within
the outer sheath during the step of retracting the outer sheath to expose the

elemenis.

20.  The method of claim 15, wherein each element rotates in a
radial direction between 135 degrees and 180 degrees from the compressed

configuration during deployment of the prosthesis.
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