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(54) Title: PROSTHESIS FOR TRANSCATHETER VALVE IMPLANTATION

FIG. 1

(57) Abstract: A prosthesis (100) having first (102) and second (104) prosthetic sections is disclosed. The first prosthetic section in -
cludes a stent structure (103) that may contain a first prosthetic valve (101) secured therein and the second prosthetic section in-
cludes an annular frame (105) that may contain a second prosthetic valve (107) secured therein. When the prosthesis is in an expan -
ded configuration, the annular frame extends from the stent structure such that the first and second prosthetic sections are laterally
offset from each other. In a method in accordance herewith, the first and second prosthetic sections may include prosthetic aortic and
mitral valves, respectively, and the heart valve prosthesis is configured to replace one or both of the native aortic and mitral valves of
the heart in a single transcatheter heart valve implantation procedure.
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PROSTHESIS FOR TRANSCATHETER VALVE IMPLANTATION

RELATED APPLICATIONS

(00011 This application is a Continuation in Part of and claims the benefit of United
States Patent Application 13/432,497 filed March 28, 2012, The disclosures of which
are herein incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The invention relates generally o a prosthetic device for replacing a native
valve or a previously implanted prosthetic valve in a non-surgical interventional
procedure. iIn one embodiment, the invention relates to a dual valve prosthesis having
a prosthetic aortic valve combined with a prosthetic mitral valve for concurrently
replacing the corresponding native vaives or praeviously implanted prosthetic valves in

a non-surgical interventional procedure.

BACKGROUND OF THE INVENTION

(00031 A wide range of medical treatments are known that ulilize "endoluminal
prastheses.” As used herein, endoluminal prostheses are intended 1o mean medical
devices that are adapled for temporary or permanent implantation within a body
tumen, 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
cerebral shunts, and fallopian tubes.

[0004] Stent 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 1o a blood vessel, such as one that has been widened by a
percutanecus Iransiuminal  coronary angioplasty, commaonly referred o as
“angioplasty,” “PTA” or “PTCA", a stent may be implanted in conjunclion with the
procedure. Under this procedure, the stent may be collapsed to an insertion diameter
and inserted info the vasculature at a site remote from the diseased vessel. The stent
may then be delivered o the desired freatment sile within the affecled vessel and
deployed, by seif-expansion or radial expansion, (o its desired diameter for treatment.
10005] Recenily, flexible prosthetic valves supported by stent structures that can be
delivered percutaneously using a catheter-based delivery system have been
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developed for hearl and venous vaive replacement. These prosthetic vaives may
include either seif-expanding or balloon-expandabie stent structures with valve leaflets
disposed within the interior of the stent structure. The prosthetic valve can be reduced
in diameter, by being contained within a sheath component of a delivery catheter or by
crimping onto a balloon catheter, and advanced through the venous or arterial
vasculature. Once the prosthetic valve is positioned at the treatment site, Tor instance
within an incompetent native or previously implanted prosthetic valve, the stent
structure may be expanded to hold the prosthetic valve firmly in place. One
embodiment of a prosthetic valve having a stent structure is disclosed in U.S. Pat. No.
5,857,948 1o Leonhardt et al. entilled "Percutaneous Placement Valve Stent”, which is
incorporated by reference herein in its entirety.

(00061 Valvular heart disease is any disease process involving one or more of the
valves of the heart, i.e., the aortic and mitral valves on the left and the pulmonary and
tricuspid valves on the right. Severe valve damage may be treated with a valve
replacement, with aortic valves and severely damaged mitral valves being the most
often replaced heart valves. Some patients present with more than oneg heart valve
being damaged so that the patient may need a dual valve replacement requiring more
than one heart vaive 1o be repaired or replaced. Whereas the use of minimally
invasive technigues may be preferred, such an approach may be difficult in a dual
valve replacement as placement of the prosthetic mitral valve prior 1o or subsequent of
placement of the prosthetic aortic valve may be exiremely difficult due to the relative
locations of the two native valves, the lack of space in the left ventricle, andfor the
concern of having to cross the first deployed prosthetic valve with the second delivery
system and prosthetic valve under cerigin circumstances. Moreover, when a
prosthetic valve is percutaneously delivered (o replace a stenctic or insufficient aortic
or mitral valve, a fundamental concern is that the prosthesis be deployed as precisely
as possible s0 as to assure proper functioning, to avoid paravalvular leakage and to
minimize any negative impact on the adjacent heart valve, each of which becomes
more difficult to achieve with a dual valve replacement performed using mulliple
prosthetic valves and delivery devices. Further, sufficient prosthelic milral valve
fixation against high systolic pressures is aiso particularly important as migration or
movement of the mitral valve prosthetic device can potentially block the left ventricular
outflow tract or inhibit native or replacement aortic valve function. As such patienis

who must have a dual valve replacement most often undergo open heart surgical
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replacement procedures to implant the prosthetic aortic and mitral valves or one of the
valves goes unireated. Accordingly a need exists in the art for apparatus and
methods that allow a clinician to perform a dual heart vaive replacement in a minimally

invasive manner.

BRIEF SUMMARY OF THE INVENTION

00877  One or more embodiments hereof are directed to a dusl valve prosthesis
having first and second prosthetic valve sections. The first prosthetic valve section
includes a stent structure with a first prosthetic valve secured therein and the second
prosthetic valve section includes an annular frame with a second prosthetic valve
secured therein, wherein the annular frame extends from the stent structure such that
the first and second prosthetic valves are laterally offset from each other when the
dual valve prosthesis is in an expanded configuration. In one embodiment, the
annular frame forms a border that radially extends around the second prosthetic valve
to define an apposition surface and has a profile of a flat washer. In a method in
accordance herewith, the first and second prosthetic valve sections include prosthetic
aortic and mitral valves, respectively, and the dual heart valve prosthesis is configured
o replace both the native aortic and mitral valves of the heart in 2 single transcatheter
heart valve implantation procedure. One or more embodiments hereof are direcled o
a single valve prosthesis having a prosthetic vaive section and a section comprising a
blood flow lumen or orifice. In some embodiments, the section comprising an orifice or
tumen may be configured o receive another medical device, such as an additional
prosthetic valve., One or more embodiments hereof are directed to a prosthelic device
having two seclions comprising a blood flow lumen or orifice. In some embodiments,
the two seclions may be configured to receive one or mare medical devices, such as a
prosthetic heart valve. In some embodimenis, one or both sections may comprise a
support structure or docking station to receive or accept a prosthetic valve.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The foregoing and other fealures and advantages of the invention will be
apparent from the following description of embodiments thereof as illustrated in the
accompanying drawings. The accompanying drawings, which are incorporated herein
and form a part of the specification, further serve to explain the principles of the
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invention and o enable a person skilled in the pertinent art to make and use the
invention. The drawings are not to scale.

[0008] FIG. 1 is a perspective view of a dual valve prosthesis in an expanded
configuration in accordance with an embaodiment hereof.

00101 FIG. 2 is a sectional view of a distal portion of a delivery catheter with a
prosthetic device in a compressed delivery configuration therein.

10011] FIGS. 3 and 4 jllusirate a method of fabricating a stent structure and an
annular frame of a prosthetic device in accordance with an embodiment hereof.
10012] FIGS. 5-7 illustrate a method of delivering a prosthetic device o the native
aortic and mitral valves of a beating heart in accordance with an embodiment hereof.
00131 FIG. 8 s a perspective view of a single valve prosthesis in an expanded
configuration in accordance with an embpodimeant hereof.

10014] FIG. @ is a perspective view of a single valve prosthesis in an expanded
configuration in accordance with an embadiment heraof.

[0015] FIG. 10 is a perspective view of a support frame prosthesis in an expanded
configuration in accordance with an embodiment hereot,

(00161 FIG. 11 is a perspective view of a support frame prosthesis in an expanded
configuration in accordance with an embodiment hereof.

{00177

DETAILED DESCRIPTION OF THE INVENTION

[0018] The following detailed description is merely exemplary in nature and is not
intended to iimil the invention or the application and uses of the invention. Although
the description of embodiments hereof is in the context of concurrent aortic and mitral
heart valve replacement, the invention may be adapted o be used for other concurrent
valve replacement where it is deemed useful. Furthermore, there is no infention to be
bound by any expressed or implied theory presented in the preceding technical field,
background, brief summary or the following detailed description.

[0018] Specific embodiments of the present invenlion 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 trealing
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
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clinician. Further the lerm “self-expanding” is used in the following description with
reference o the stent structure and annular frame of the prosthetic devices and is
intended to convey that the stent structure and annular frame are shaped or formed
from a material that has a mechanical memory {0 returmn o an expanded deployed
configuration from a compressed or consiricted delivery configuration.  Non-
exhaustive exemplary materials that may be rendered self-expanding include stainless
steel, a pseudo-elastic metal such as a nickel titanium alloy or nitinol, various
polymers, and a so-called super alloy, which may have a base metal of nickel, cobalt,
chromium, or other metal. Mechanical memory may be imparied to a wire or tubular
structure used to form the stent structure and/or annular frame 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 nilinol. Various polymers that can be made {0 have
shape memory characteristics may also be suitable for use in embodiments hereof o
include polymers such as polynorbornene, trans-polyisoprene, styrene-buladiene, and
polyurethane. As well poly L-D laclic copolymer, oligo capryiacione copolymer and
poly cyclo-octeng can be used separalely or in conjunction with other shape memory
polymers.

002017  One or more embodiments hereof are related (o a prosthasis configured for
deployment within the mitral and aortic valves of the heart in a single transcatheter
heart valve implantation procedure. FIG. 1is a perspective view of a prosthesis 100 in
an expanded, deploved configuration in accordance with an embodiment hereof, with
FIG. 2 being a sectional view of a distal portion of a delivery catheter 240 with the
prosthesis 100 in a compressed, delivery configuration therein.  In one embodiment,
prosthesis 100 includes a first tubular section 102 and a second annular section 104,
in alternative embodiments, prosthesis 100 may include two tubular sections. In
alternative embodiments, prosthesis 100 may include two annular sections. In an
embodiment hereof, first twbular section 102 may include a first prosthetic valve 101
for replacing a valve, for example a native aortic valve, and second annular section
104 may include a second prosthetic valve 107 for replacing a valve, for example a
native mitral valve.

10024]  First wbular prosthetic valve section 102 includes a self-expanding stent
structure 103 for anchoring prostheasis 100 within a beating hearl. Stent structure 103
of first prosthetic valve section 102 includes a downstream or aortic portion 110 and

an upsiream o ventricular portion 112, wherein “upstream” and “downstream” are
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relative 0 a direction of blood flow when dual valve prosthesis 100 is properly
implanted in vivo. Each of downstream and upstream portions 110, 112 of stent
structure 103 is a collapsible, compressible structure made of a material having
resiliency or shape memory characteristics in order to refurn first prosthelic valve
section 102 to the deployed configuration shown in FIG. 1 upon release from a
delivery device, such as delivery catheter 240. In an embodiment, downstream and
upstream portions 110, 112 of stent structure 103 may be initially formed separately
and then joined together by any means known to one of ordinary skill in the art such
as, for instance, welding, gluing or suturing.

[0022] Stent structure upstream portion 112 is a patlterned tubular device that
detines substantially diamond shaped openings 108, although openings 108 may have
any one of a variety of other shapes without departing from the scope hereof.
Crimping evelets 124 axtend from upstream portion 112 at an upstream or inflow end
119 of first prosthetic valve seclion 102, Crimping eyelets 124 may be of varying
lengths or shapes or may be independently engaged by catheter 240 {o permit release
of the evelels in a controlled or sequential manner.  Upsiream portion 112 has a
curved upstream edge defining an arched opening 121 when dual valve prosthesis
100 is in the expanded configuration that allows for the laleral positioning of second
prosthetic valve section 104 relative to first prosthetic valve section 102, More
particularly, a hinge segment 109 between upstream portion 112 of stent structure 103
and an annular frame 105 of second prosthetic valve section 104 exiends from an
area of an apex of arched opening 121 o laterally extend annular frame 105 therefrom
when dual valve prosthesis 100 is in the expanded configuration as discussed in more
detail below.

1002317 Stent struciure downstream portion 110 includes three engagement arms
114 that are generally u-shaped and three prosthetic valve supports 116 o which
leafiets of first prosthetic valve 101 are attached. Each engagement arm 114 extends
upstream between respective prosthetic valve supports 116 to be positioned belween
upstream end 118 of first prosthetic valve section 102 and a downstream or outflow
end 118 of first prosthetic valve section 102. Upstream ends 122 of engagement arms
114 may be described as being radially spaced or flared from the remainder of stent
structure 103 and engagement arms 114 may be described as having a curved profile
in the deploved/implanted configuration. When compressed for delivery within a
sheath component of delivery catheter 240 as shown in FIG. 2, engagement arms 114
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will somewhal straighten against upstream portion 112 of stent structure 103, When
stent structure 103 is released from the sheath component, engagement arms 114 will
return to their curved configuration with stent structure upstiream portion 112 relurmning
o its expanded configuration shown in FIG. 1. In an embodiment when first prosthetic
valve section 102 is deployed (o replace a native sortic valve, engagement arms 114
of downstream portion 110 engage the aortic sinuses and upstream portion 112 of
stent structure 103 is deploved 1o seal within the annulus of the native aortic valve and
o extend partially into the left veniricle, as discussed in more detail below.

100247  In addition to stent structure 103, first prosthetic valve section 102 includes
prosthetic valve 101 having three valve leaflets o form a tricuspid replacement valve.
The valve leaflets of prosthetic valve 101 are sutured or otherwise securely and
sealingly atlached to the interior surface of stent struclure 103 and/or graft material
111 that encloses or lines stent structure 103 as would be known o one of ordinary
skill in the art of prosthetic valve construction. Prosthetic valve 101 is a one-way valve
configured to coliapse inwardly, f.e., towards a longitudinal axis LA of first prosthetic
valve section 102, during diastole in order 1o inhibit retrograde blood flow and 1o open
outwardly during systole to allow blood flow through first prosthetic valve section 102.
in some embodiments hereof, prosthetic valve 101 may be 2 bioprosthetic trileafiet
heart valve, such as any one of the bioprosthetic trileafiet heart vaives being used in
implantable heart valve devices currently available that has been adapted for use
herein.

100257 Second prosthetic valve section 104 of dual valve prosthesis 100 includes
self-expanding annular frame 105 that extends from stent structure 103, Annular
frame 105 forms a circumferential border 113 of a2 width W that radially extends
around the second prosthetic valve 107 to define an apposition surface thereaboul. In
an embodiment, width W may be in the range of 2.5 mm to 7.5 mm. Circumferential
border 113 has triangular openings defined by the framework thereof, the riangular
openings being shown by way of llustration and not limitation. One or both sides of
circumferential border 113 may be covered with a graft material 128, such as any of
the materials noted below for graft material 111, to aid in providing a seal against the
native anatormy when second prosthetic valve section 104 is deployed within the heart.
A crimping eyelet 126 extends from circumferential border 113 of annular frame 105,
Annular frame 105 has a shape or a profile of a flat washer with a minimal thickness T
that provides second prosthetic valve section 104 with a low ventricular profile that
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does not interfere with the left ventricular outflow fract. In an embodiment, thickness T
may be in the range of .025 mm to 0.75 mm. Annular frame 105 so described aids in
maintaining apposition of second prosthetic valve section 104 against the native
anatomy to provide a seal there against. In one embodiment, second prosthetic valve
107 includes two valve leaflels to form a bicuspid replacement valve. The valve
leaflets are sutured or otherwise securely and seslingly attached to an inner
circumference of annular frame 105 o span a central opening 117 theraof.

[0026] When dual valve prosthesis 100 is in an expanded, deploved configuration,
annular frame 105 latersily extends from upstream portion 112 of stent structure 103
such that first and second prosthetic valves 101, 107 are laterally offset from each
other. In an embodiment, annular frame 105 is formed with upstream portion 112 of
stent struciture 103 as a single unit with an integral hinge segment 109 formed
extend therebetween. In such an embodiment, stent structure upstream portion 112
and annular frame 105 with integral hinge segment 109 may be formed by etching or
otherwise cutling the patterns thereof from 2 tube, such as a tube 330 of nitinol, as
shown in FIG. 3 and then performing a thermal treatment o shape set the structures in
the expanded configuration shown in FIG. 4. When formed in this manner, hinge
segment 108 is configured to refurmn annular frame 105 o the shape set expanded
configuration of FIG. 4 when prosthesis 100 is released from a compressed delivery
configuration.  In an embodiment, hinge segment 108 and annular frame 105 will
rotate outwardly and upwardly relalive to longitudinal axis LA of stent structure 103
when deployed from delivery catheter 240 within the heart to exert an apposition force
AF against any heart structure in which annular frame 105 comes in contact. More
particuiarly, when dual valve prosthesis 100 is deployed within the heart such that
second prosthetic valve 107 secured within annular frame 105 is ulilized as &
replacement mifral valve, the apposition surface provided by circumierential border
113 of annular frame 105 exeris an apposition force against a surface of the left
ventricle that surrounds the native mitral valve and is intended to seal against
perivalvular leakage.

(00277  in ancther embodiment, annular frame 1058 may be formed separately from
upstream portion 112 of stent structure 103 with hinge segment 109 formed o
integrally extend from annular frame 105 and then subsequently joined to upsiream
portion 112 or vice versa.
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[0028] Depending on the analomy of the hearl in which dual valve prosthesis 100 is
o be implanted and particularly in view of the anatomical position of the nalive aortic
valve relative 1o the native mitral valve, in embodiments hereof second prosthelic
valve section 104 in an expanded configuration may extend along an axis TA that s
transverse to longitudinal axis LA of first prosthetic valve section 102, as shown in
FIG. 1, may extend at an obtuse angle {o longitudinal axis LA of first prosthetic valve
saction 102, as shown in FIG. 4, or may exiend at an acute angle o longitudinal axis
LA of first prosthetic valve section 102, as shown in FiG. 7. Accordingly in the
expanded configuration annular frame 105 may lateraily extend from stent structure
103 at an angle in the range of 45 10 135 degrees with respect to longitudinal axis LA
of first prosthetic valve section 102, which is by way of example and not limitation as
the actual angle may vary due {0 anatomical differences in the relative positions of the
native valves. In each of the aforementioned expanded configurations when deployed
within the heart, hinge segment 108 and annular frame 105 are configured or formed
to rotate ocutwardly and upwardly relative o longitudinal axis LA of stent structure 103
to exert an apposition force AF against at least the heart struciure that surrounds the
native heart valve being replaced by second prosthetic valve 107,

[0028] Prosthetic valves 101, 107 secured within the interior of stent structure 103
and annular frame 105, respectively, are configured as one-way valves o aliow blood
flow in one direction and thereby regulate blood flow there through. in the
embadiment shown and described with reference to FIG. 1, first prosthetic valve 101
includes three vaive leaflels to form a tricuspid replacement valve and second
prosthetic valve 107 includes two valve leaflels to form a bicuspid replacemant valve
or other leaflet struciure that closes with pressure on the outflow and opens with
pressure on the inflow. In other embodimenis in accordance herewith, one or both of
first and second prosthetic valves 101, 107 may be tricuspid or bicuspid replacement
valves. In still other embodiments in accordance herewith, one or both of first and
second prosthetic valves 101, 107 may be a single leaflet replacement vaive or a
replacement valve with more than three leaflefs. Natural tissue for forming prosthetic
valve leaflets for use in prosthelic valve sections in accordance with embodiments
hereof may be obtained from, for example, heart valves, aortic rools, aortic walls,
aortic leaflets, pericardial tissue, such as pericardial patches, bypass grafts, blood
vessels, intestinal submucosal tissue, umbilical tissue and the like from humans or

animals, such as tissue from bovine, equine or porcing origing. Synthelic materials



WO 2014/138194 PCT/US2014/020647

suitable for use as prosthetic valve leaflets in embodiments hereof include DACRON®
polvester commercially available from Invista North America S.AR.L. of Wilmington,
DE, polyurethane, Gore-Tex or other cloth materials, nyion blends, polymeric
materials, and vacuum deposition nitinol fabricated materials. One polymeric material
from which the replacement valve leaflets can be made is an ultra-high molecular
weight polyethylene material commercially available under the trade designation
DYNEEMA from Royal DSM of the Netherlands., With certain prosthetic leafiet
materials, it may be desirable to coat one or both sides of the replacement valve
leatiet with a material that will prevent or minimize overgrowth. It is further desirable
that the prosthetic leaflet material is durable and not subject o stretching, deforming,
or fatigue.

[0038] The valve leafleis of prosthetic valves 101, 107 are sutured or otherwise
securely and sealingly attached to an interior surface of stent structure 103 and an
inner circumference of annular frame 105 that defines central opening 117,
respectively, and/or prosthetic valve 101 may be sutured or otherwise attached to graft
material 111 that encloses or lings stent structures 103 as would be known to one of
ordinary skill in the art of prosthetic valve construction. Graft material 111 may be a
low-porosity woven fabric, such as polyester, Dacron fabric, or PTFE, which creales a
one-way fiuid passage when attached to the stent structure 103, In an embodiment,
graft material 111 may be 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 streich o conform o a curved surface. Polyester velour
fabrics may alternatively be used, such as when it is desired to provide a2 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. In another embodiment, graft material
111 may also be of a natural material such as pericardium or another membranous
tissue such as intestinal submucosa.

10031] In one embodiment, the general direction of blood flow through dual valve
prosthesis 100 when deployed in vivo is depicted by arrows BF in FIG. 1. In an
embodiment in which dual valve prosthesis 100 is deployed within the hesrt, as
described in more detail below, first prosthetic valve section 102 is a replacement
aortic valve positioned to replace the natlive aorlic valve and second prosthetic valve
assembly 104 is a replacement mitral valve positioned to replace the native mitral

10
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valve with hinge segment 108 laterally extending therebetween to maintain the relative
deployed positions of first and second prosthetic valve sections 102, 104, In certain
methods of deploying dual valve prosthesis 100, one or both of hinge segment 109
and annular frame 105 may be deployed to secure the anterior leaflel of the native
mitral vaive to thereby prevent it from interfering with the operation of the replacemaent
prosthetic aortic and/or mitral valves.  In an embodiment, such methods may include
advance preparation of the anterior leaflet of the mitral valve in order for subsequent
deployment of dual valve prosthesis 100 to function {o “catch’ or secure the anierior
leafiet in the open position and o avoid the mitral chordae.

[0032] FIGS. 57 illustrate a method of delivering a prosthetic device (o the aortic
valve and mitral valve of a beating heart in accordance with an embodiment hereof.
initially with reference o FIG. 2, delivery catheter 240 includes a distal tip 244 with a
distal sheath section 243 that is sttached to an inner shaft component 234, which
extends within distal sheath section 243 and a proximal sheath section 242 o a
proximal end {not shown} of delivery catheter 240 o be assessable by a clinician.
Proximal and distal sheath sections 242, 243 may be collectively referred 1o herein as
a sheath component that is attached at a proximal end thereof 0 an ouler shaft
component 236 that extends to the proximal end of delivery catheter 240 o be
assessable by the clinician. In an embodiment hereof, distal tip 244 with distal sheath
section 243 are configured to be releasably coupled to a distal end of proximal sheath
saection 242 at parting line PL.  Prosthesis 100 is compressed in a delivery
configuration within the sheath component with first and second sections 102, 104
being sequentially loaded therein such that engagement arms 114 of stent structure
downstream portion 110 of self-expanding stent structure 103 are held in a
compressed state primarily by distal sheath seclion 243 and stent structure upstream
portion 112 and annular frame 105 are held in a compressed stale primarily by
proximal sheath seclion 242,

100331 In the embodiment shown in FIG. 2, a cylindrical rebated refainer 246 is
sized to be slidably received within the sheath component and includes a tubular shaft
component 248 that shidably extends between inner and ouler shafl components 234,
236 to the proximal end of delivery catheter 240 o be assessable o the clinician.
Rebated retainer 246 includes a cul-out 245 configured to accommodate second

section 104 in a collapsed, compressed state and a plurality of eyelet-shaped
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recesses 247 for receiving crimping evelels 124, 126 of stent structure 103 and
annular frame 105, respectively.

[0034]  Delivery catheter 240 is shown in FIGS. 5-7 having been introduced into the
left ventricle LV via a transapical minimally invasive procedure. In an embodiment,
delivery catheter 240 so positioned may have been tracked through a trocar or other
introducer device {not shown) that has been inserted through purse-string sutures {not
shown} previously placed in the left ventricular apex. The purse-siring sulures would
be tightened around the frocar or other introducer device and a hemostasis valve
would also be used to minimize blood leakage from the heart during the percutaneous
replacement valve implantation procedure, as would be undersiood by one of ardinary
skill in the art. As previously noted, the proximal ends (not shown) of delivery catheter
240 and its components extend out of the body to be accessible by a clinician.

10035]  Delivery catheter 240 is shown in FIG. 5 positioned through the native aortic
valve AV such that distal tip 244 and distal sheath section 243 extend into the aorta A
while proximal sheath section 242 is positioned o extend through the native aortic
valve AV. In an embodiment, parting line PL between proximal and distal sheath
sections 242, 243 is preferably positioned distal of the leaflets of the native aortic valve
in line with the aortic sinuses. With reference to FIG. 8, distal tip 244 with distal
sheath section 243 are disially advanced into the aorta relalive to the remainder of
delivery catheter 240 {o release engagement arms 114 of stent structure 103 such that
engagement arms 114 implant within the aortic sinuses. In an embodiment, delivery
catheter 240 may be proximally retracted concurrent with the release of engagement
arms 114, as shown in FIG. 6, to assure engagement arms 114 engage the agortic
sinuses when deployed.

10038] With reference to FIG. 7, proximal retraction of sheath component 240
relative to the remainder of delivery catheter 240 sequentially releases upsiream
portion 112 of stent structure 103 and then annular frame 105 to complele the
deployment of dual valve prosthesis 100. More particularly when the proximal
refraction of sheath component 240 uncovers a distal end 747 of rebated retainer 246,
crimping eyelets 124 on upstream end 119 of first section 102 are freed from
corresponding recesses 247 in rebated refainer distal end 747 to thereby allow stent
struciure upstream portion 112 1o retumn to its expanded configuration. In this manner,
stent structure upstream portion 112 is implanted within the annulus of the native
aortic valve and a portion of the left veniricle that surrounds the native aortic valve.
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(00371 Continued proximal refraction of sheath component 240 uncovers crimping
ayelet 126 on annular frame 105 o free eyelet 126 from iis corresponding recess 247
in rebated retainer 246 and thereby releases annular frame 105 to return to its
expanded configuration. The release of annular frame 105 from sheath component
242 permits annular frame 105 (o rotate outwardly from stent structure 103 at hinge
segment 108 until annular frame 105 is in apposition with a surface of the left ventricle
that surrounds the native mitral valve. In this manner, the apposition surface of
annular frame 105 of the second section 104 exeris an apposilion force that acls
against the heart structure that surrounds the native mitral valve when deployed to
implant second section 104 against the native mitral valve and left ventricle. After
implantation of prosthesis 100, delivery catheter 240 and its componenis are removed
from the heart with the purse-string sutures noted above being tightened thereafter o
close the opening in the left ventricular apex.

[0038] In an embodiment, depioyment of stent structure upstream portion 112 and
annular frame 105 is controlied by the clinician o occur when the heart is in diastole
such that the anterior leaflet of the native mitral vaive is captured and held against the
veniricle wall by one or more of stent structure upstream portion 112, hinge segment
109 and annular frame 105 with the posterior leaflet of the native mitral valve being
captured and held oward or against the ventricle wall by annular frame 105.

(00381 FiG. 7 depicts one embodiment wherein prosthesis 100 is implanted within
the heart with first section 102 implanted in or near the native aortic valve and second
section 104 implantad in or near the native mitral valve. With a comparison of FIG. 1
and FIG. 7, prosthetic mitral valve 107 is a one-way bicuspid valve that is configured
to be positioned in the heart within the left ventricle to permit biood flow through
prosthetic mitral valve 107 in the direction of arrows BF during atrial emplying and
ventricular filling when the leaflets of prosthetic mitral valve 107 open or part to allow
blood to flow into the left veniricle. Prosthelic aortic valve 101 is a one-way tricuspid
valve that is configured to be positioned in the heart between the left ventricle and the
aorta within the annulus of the native aortic valve to permit blood flow through inflow
end 119 of first prosthetic valve section 102 in the direction of arrows BF during
systole when the leaflets of prosthetic aortic valve 101 open or part {o allow blood to
fiow into the aorta.  In embodiments hereof, each of prosthetic mitral valve 107 and

prosthetic aortic valve 101 may be a bioprosthetic heart valve such as any one of the

13



WO 2014/138194 PCT/US2014/020647

bioprosthetic heart valves being used in implantable heart valve devices currently
available that has been adapted for use herein.

100407 1t will be appreciated by one of ordinary skill in the art that the stent structure
of FIG. 1 is merely an exemplary stent structure and various other forms for stent
structures that are suitable to anchor a replacemeant aoriic valve within the native
aortic valve may be adapted for use in embodimenis hereof. For instance in one
embuodiment, stent structure 103 of section 102 may a patierned tbular device with a
siepped outer diameter such that an aortic portion of the sient structure has an
expanded diameter that is grester than an expanded diameter of a veniricular portion
of the stent structure. The aortic portion of the stent structure would be sized o be
axpandable within the aorlic sinuses for securing section 102 with respect to the native
aortic valve without the use of engagement arms 114, Further as would be
appreciated by one of ordinary skill in the art, various methods of fabrication can be
used in accordance with embodiments hereof o manufacture self-expanding stent
structure 103 and annular frame 105 as either an integral unitary siructure, such as by
laser cutting or chemical etching the patterns thereof in a flat sheet or a tube, or a
plurality of individual structures that are joined, such as by one of welding, soldering,
or the like, without departing from the scope of the present invention. Further in other
embodimenis in accordance herewith, stent structure 103 and annular frame 105 may
be made balloon-expandable or one may be self-expandable with the other balloon-
gxpandable.

10044] One or more embodiments hereof are related to a single valve prosthesis
configured for deployment within or near the miltral and sortic valves of the heart in a
single transcatheter heart valve implaniation procedure. FIGS. 8 and 9 are
perspeciive views of single valve prosthesis 100 in an expanded, deployed
configuration in accordance with additional embodiments hereof. In one embodiment,
prosthesis 100 includes a  tubular support section 102 and an annular support section
104. In an embodiment shown in FIG. 8, section 102 includes a prosthetic valve 101
for replacing or sugmenting a native aortic valve and an annular frame 105, which
includes central opening 117. Central opening 117 may serve as an orifice or lumen
o allow blood flow or it may serve as a docking station for a medical device such as a
prasthetic mitral valve. Various types of prosthelic vaives well-known in the art may

be suitable for docking in central opening 117, including franscatheter, percutaneous,
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transfemoral, transapical, surgical, surgical sutureless, tissue, and/or mechanical heart
valves, for exampls.

[0042] Prosthetic valve section 102 includes a self-expanding slent structure 103
for anchoring prosthesis 100 within a beating heart, Stent structure 103 of prosthetic
valve section 102 includes a downstream or aortic portion 110 and an upstream or
ventricular portion 112, wherein “upstream” and “downstream” are relative o a
direction of blood flow when prosthesis 100 is properly implanted in vivo., Each of
downsiream and upstream portions 110, 112 of stent structure 103 is a coliapsible,
compressible structure made of a material having resiliency or shape memaory
characienstics in order to retumn prosthetic valve section 102 to the deployed
configuration shown in FiG. 8 upon release from a delivery device, such as delivery
catheter 240. In an embodiment, downstream and upsiream portions 110, 112 of
stent structure 103 may be initially formed separstely and then joined together by any
means known (o one of ordinary skill in the art such as, for instance, welding, gluing or
suturing.

[0043] Stent structure upstream portion 112 is a patterned tubular device that
defines substantially diamond shaped openings 108, although openings 108 may have
any ong of a variety of other shapes without departing from the scope hereof.
Crimping eyelets 124 extend from upstream portion 112 at an upstream or inflow end
119 of first prosthetic valve section 102. Crimping eyelets 124 may be of varying
lengths or shapes or may be independently engaged by catheter 240 to permil release
of the evelets in a controlled or sequential manner.  Upsiream portion 112 has a
curved upstream edge defining an arched opening 121 when prosthesis 100 is in the
expanded configuration that allows for the lateral positioning of annular section 104
relative to prosthelic valve section 102, More particularly, a hinge segment 108
between upsiream portion 112 of stent structure 103 and annular frame 105 extends
from an area of an apex of arched opening 121 o laterally extend annular section 104
therefrom when prosthesis 100 is in the expanded configuration as discussed in more
detail below.

100441  Stent structure downstream portion 110 includes three engagement arms
114 that are generally u-shaped and three prosthetic valve supports 116 to which
leafiets of first prosthetic valve 101 are attached. Each engagement arm 114 extends
upstream between respective prosthetic valve supporis 116 to be positioned belween
upstream end 118 of prosthetic valve section 102 and a downstream or cutflow end
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118 of prosthetic vaive seclion 102, Upstream ends 122 of engagement arms 114
may be described as being radially spaced or flared from the remainder of stent
structure 103 and engagement arms 114 may be described as having a curved profile
in the deployed/iimplanted configuration. When compressed for delivery within a
sheath component of delivery catheter 240 as shown in FIG. 2, engagement arms 114
will somewhat straighten against upstream portion 112 of stent structure 103. When
stent structure 103 is released from the sheath component, engagement arms 114 will
return to their curved configuration with stent structure upsiream portion 112 returmning
to its expanded configuration shown in FIG. 8. In an embodiment when prosthetic
valve section 102 is deployed (o replace a native aortic valve, engagement arms 114
of downstream portion 110 engage the aortic sinuses and upstream portion 112 of
stent structure 103 is deployed o seal within the annulus of the native aortic valve and
to extend partially into the left ventricle, as discussed in more detail below.

(00457 In addition to stent structure 103, prosthetic valve section 102 includes
prosthetic valve 101 having, for example, three valve leaflets to form a tricuspid
replacement valve. The valve leaflels of prosthetic valve 101 are sutured or otherwise
securely and sealingly attached to the interior surface of stent structure 103 andior
graft material 111 that encioses or lines stent structure 103 as would be known o one
of ordinary skill in the art of prosthetic valve construction. Prosthetic valve 101 is a
one-way valve configured to collapse inwardly, /e, towards a longitudinal axis LA of
first prosthetic valve section 102, during diastole in order to inhibil refrograde blood
flow and o open outwardly during systole to allow blood flow through prosthetic valve
section 102, In embodimenis hereof, prosthelic valve 101 may be a bioprosthetic
trileaflet heart valve, such as any one of the bioprosthetic irileaflet heart valves being
used in implantable heart valve devices currently available that has been adapted for
use herein.

10046] Prosthesis 100 includes self-expanding annular frame 105 that extends from
stent structure 103. Annular frame 105 forms a circumferential border 113 of a width
W that radially extends around the central opening or orifice 117 o define an
apposition surface thereaboutl. In an embodiment, width W may be in the range of 2.5
mim o 7.5 mm. Circumferential border 113 has triangular openings defined by the
framework thereof, the triangular openings being shown by way of illusiration and not
imitation. One or both sides of circumferential border 113 may be covered with a graft
material 128, such as any of the materials noted below for graft material 111, to aid in
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praviding a seal against the native anatomy when annular frame 105 is deployed
within the heart. A crimping eyelet 126 extends from circumferential border 113 of
annular frame 105, Annular frame 105 has a shape or a profile of a flat washer with a
minimal thickness T that provides a low ventricular profile that does not interfere with
the left ventricular outflow tract. In an embodiment, thickness T may be in the range of
025 mm to 0.75 mm. Annular frame 105 so described aids in maintaining apposition
against the native anatomy to provide a seal there against. In an embaodiment, the
seal prevents or minimizes paravalvular leakage (PVL). In an embodiment, a medical
device, such as a prosthetic valve, may be inserted, placed, or docked into or within
central opening 117.

1004773 In an embodiment, annular frame 105 is formed with upstream portion 112
of stent structure 103 as a single unit with an integral hinge segment 109 formed o
extend therebetween. In such an embodiment, stent structure upstream portion 112
and annular frame 105 with integral hinge segment 109 may be formed by etching or
otherwise cutling the patterns thereof from a tube, such as a tube 330 of nitinol, as
shown in FIG. 3 and then performing a thermal treatment to shape set the structures in
the expanded configuration shown in FIG. 4. When formed in this manner, hinge
segment 108 is configured to retumn annular frame 105 o the shape sel expanded
configuration of FIG. 4 when prosthesis 100 is released from a compressed delivery
configuration.  In an embodiment, hinge segment 108 and annular frame 105 will
rotate outwardly and upwardly relalive to longitudinal axis LA of stent structure 103
when deployed from delivery catheter 240 within the heart 1o exert an apposition force
AF against any heart structure in which annular frame 105 comes in contact.

(00481 In another embodiment, annular frame 105 may be formed separately from
upstream paortion 112 of stent structure 103 with hinge segment 108 formed to
integrally extend from annular frame 105 and then subsequently joined to upstream
portion 112 or vice versa.

100491 Depending on the anatomy of the heart in which prosthesis 100 is to be
implanted and particularly in view of the anatomical position of the native aorlic valve
relative to the native mitral valve, in embodiments hereof central opening 117 in an
expanded configuration may extend along an axis TA that is transverse to longitudinal
axis LA of prosthetic valve section 102, as shown in FIG. §, may extend al an obluse
angle to longitudinal axis LA of prosthetic valve section 102, as shown in FIG. 4, or
may extend at an acute angle to longitudinal axis LA of prosthetic valve section 102,
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as shown in FIG. 7. Accordingly in the expanded configuration annular frame 105 may
laterally extend from stent structure 103 at an angle in the range of 45 t0 135 degrees
with respect to longitudinal axis LA of prosthetic valve section 102, which is by way of
example and not limitation as the actual angle may vary due to anatomical differences
in the relative positions of the native valves. In each of the aforementioned expanded
configurations when deployed within the heari, hinge segment 109 and annular frame
105 are configured or formed o rotate outwardly and upwardly relative o longitudinal
axis LA of stent structure 103 to exert an apposition force AF against at least the heart
structure that surrounds the native heart valve,

(00561 Prosthelic valve 101 secured within the interior of stent structure 103 is
configured as a one-way valve to allow blood flow in one direction and thereby
regulate biood flow there through. In the embodiment shown and described with
reference to FIG. 8, prosthetic valve 101 may include three valve leafiets to form a
tricuspid replacement valve. In other embodiments in accordance herewith, prosthetic
valve 101 may be a tricuspid or a bicuspid replacement valve. In still other
ambodiments in accordance herewith, prosthetic vaive 101 may be a single leaflat
replacement valve or a replacement valve with more than three leaflets. Natural tissue
for forming prosthetic valve leaflets for use in prosthetic valve sections in accordance
with embodiments hereof may be oblained from, for example, heart valves, aortic
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 animals, such as lissue from boving, equine or porcine origins.
Synthetic materials suitable for use as prosthetic valve leaflets in embodiments hereof
include DACRON® polyesier commercially available from Invista North America
SARL. of Wilmington, DE, polyurethane, Gore-Tex or other cloth materials, nylon
blends, polymeric materials, and vacuum deposition nitinol fabricated materials. One
polymeric material from which the replacement valve leaflets can be made is an ultra-
high molecular weight polyethylene material commercially available under the trade
designation DYNEEMA from Royal DSM of the Netherlands. With certain prosthetic
leafiet materials, it may be desirable to coat one or both sides of the replacement
valve leaflet with a material that will prevent or minimize overgrowth. It is further
desirable that the prosthetic leaflel malerial is durable and not subject © siretching,

deforming, or fatigue.
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[0051] The valve leaflels of prosthelic valve 101 are sutured or otherwise securely
and sealingly attached fo an interior surface of stent structure 103 and/or prosthetic
valve 101 may be sulured or otherwise attached to graft material 111 that encloses or
lines stent structures 103 as would be known fo one of ordinary skill in the art of
prosthetic valve construction. Graft material 111 may be a low-porosity woven fabrig,
such as polyester, Dacron fabric, or PTFE, which creates a one-way fluid passage
when attached o the stent structure 103, In an embodiment, graft material 111 may
be knitted or woven fiber, such as a polyester or PTFE knit, which can be utilized
when it is desired {0 provide a medium for tissue ingrowth and the ability for the fabric
to streteh to conform {0 a curved surface. Polyester velour fabrics may alternatively be
used, such as when it is desired o 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. In another embodiment, graft material 111 may also be of a natural
material such as pericardium or another membranous tissue such as intestinal
submucosa.

{00521 In one embodiment, the general direction of blood flow through prosthesis
100 when deployed in vive is depicted by arrows BF in FIG. 8. In an embodiment in
which prosthesis 100 is deployed within the heart, as described in more detail below,
prosthetic valve section 102 is a replacement aortic valve positioned 1o replace the
native aortic valve and annular frame 105 is positioned adjacent or near the native
mitral valve with hinge segment 109 laterally extending therebetween to maintain the
relative deployed positions of prosthetic valve section 102 and annular frame 105, In
certain methods of deploying prosthesis 100, one or both of hinge segment 109 and
annular frame 105 may be deploved 1o secure the anierior leaflet of the native mitral
valve to thereby prevent it from interfering with the operation of the replacement
prosthetic aortic valve and a prosthetic mitral valve that is placed or docked in or within
central opening 117. in an embodiment, such methods may include advance
preparation of the anterior leaflet of the mitral valve in order for subseguent
deployment of prosthesis 100 to function to “cateh’ or secure the anterior leaflet in the
open position and o avoid the mitral chordas.

FIG. 7 depicts prosthesis 100 implanied within the heart with section 102 implanted in
or near the native aortic valve and section 104 implanted in or near the native mitral

valve., With a comparison of FIG. 8 and FIG. 7, central opening 117 is configured 1o
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be positioned in the heart within the left ventricle o permit biood flow through the
native mitral valve in the direction of arrows BF during atrial emplying and ventricular
filling when the leaflels of the native mitral valve open or part to allow blood to flow inlo
the left veniricle. Prosthetic aortic valve 101 may be a one-way tricuspid valve that is
configured {0 be positioned in the heart between the left veniricle and the aorta within
the annulus of the native aortic valve to permit blood fiow through inflow end 119 of
saction 102 in the direction of arrows BF during systole when the leaflets of prosthetic
aortic valve 101 open or part to aliow blood to flow into the aorta. in some
embodiments hereof, prosthetic aortic valve 101 may be a bioprosthetic heart valve
such as any one of the bioprosthelic hearl valves being used in implaniable heart
valve devices currently available that has been adapted for use herein.

in an embodiment shown in FIG. 8, prosthesis 100 includes a tubular section 102,
which includes a blood flow lumen or orifice 131, and an annular section 104, which
ncludes a prosthetic vaive 107 for replacing or augmenting a valve, for example a
native mitral valve. Orifice 131 may serve as an opening or lumen {o allow blood flow
or serve as a docking station for a prosthetic aorlic vaive.

(00531 Tubular section 102 includes g self-expanding stent structure 103 for
anchoring prosthesis 100 within a beating heart. Slent structure 103 of wibular support
section 102 includes a downstream or aortic portion 110 and an upsiream or
ventricular portion 112, wherein “upstream” and “downstream” are relative to a
direction of blood flow when prosthesis 100 is properly implanted in vivo., Each of
downstream and upstream portions 110, 112 of stent structure 103 is a collapsible,
compressible struciure made of a material having resiliency or shape memaory
characteristics in order to return section 102 o the deployed configuration shown in
FIG. @ upon release from a delivery device, such as delivery catheter 240, In an
embodiment, downsiream and upstream portions 110, 112 of stent structure 103 may
be initially formed separately and then joined fogether by any means known (o one of
ordinary skill in the art such as, for instance, welding, giuing or suturing.

[0054] Stent structure upstream portion 112 is a patterned tubular device that
defines substantially diamond shaped openings 108, although openings 108 may have
any one of a variety of other shapes without departing from the scope hereof.
Crimping eyelets 124 extend from upstream portion 112 at an upstream or inflow end
119 of section 102. Upstream portion 112 has a curved upstream edge defining an
arched opening 121 when prosthesis 100 is in the expanded configuration that allows
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for the lateral positioning of prosthetic valve section 104 relative to tubular section 102.
More particularly, a hinge segment 109 betwsen upstream portion 112 of stent
structure 103 and an annuiar frame 105 of prosthetic valve section 104 extends from
an area of an apex of arched opening 121 to laterally extend annular frame 105
therefrom when prosthesis 100 is in the expanded configuration as discussed in more
detail below.

[0055]  Stent struciure downstream portion 110 includes three engagement arms
114 that are generally u-shaped and three supports 116, Each engagement arm 114
gxtends upstream between respective supports 116 0 be positioned betwsen
upstream end 119 of section 102 and a downstream or outfliow end 118 of section
102. Upstream ends 122 of engagement arms 114 may be described as being radially
spaced or flared from the remainder of stent structure 103 and engagement arms 114
may be described as having a curved profile in the deploved/implanted configuration.
When compressed for delivery within a sheath component of delivery catheler 240 as
shown in FIG. 2, engagement arms 114 will somewhat straighten against upstream
portion 112 of stent structure 103, When sient structure 143 s released from the
sheath component, engagement arms 114 will return {o their curved configuration with
stent structure upstream portion 112 returning to its expanded configuration shown in
FIG. 8. In an embodiment when section 102 is depioyed, engagement arms 114 of
downstream portion 110 engage the aortic sinuses and upstream portion 112 of stent
structure 103 is deploved (o seat within the annulus of the native aortic valve and o
extend partially into the left ventricle, as discussed in more detail below.

[00568] In addition o steni structure 103, section 102 includes lumen 131, Section
102 may serve as a docking station for a valve, Tor example, a prosthetic aortic valve,
having, for example, three valve leaflets 1o form a tricuspid replacement valve.
Various types of prosthetic valves well-known in the art may be suitable for docking in
lumnen 131, including transcatheter, percutaneous, transfemorsl, transapical, surgical,
surgical sutureless, tissue, and/or mechanical heart valves, for example.

100571  In an embodiment, section 104 includes a prosthetic valve 107, which may
include two valve leaflets to form a bicuspid replacement valve. The valve leaflets are
sutured or otherwise securely and sealingly attached to an inner circumference of
annular frame 105 to span a central opening 117 thereof. Prosthelic valve 107 is a
one-way vaive. In some embodiments, prosthetic vaive 107 may be a bioprosthetic
bileaflet heart valve, such as any one of the bioprosthetic bileaflet heart valves being
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usad in implantable heart valve devices currently available that has been adapted for
use herein.

[0058] Prosthetic valve section 104 of prosthesis 100 includes self-expanding
annular frame 105 that extends from stent structure 103, Annular frame 105 forms a
circumferential border 113 of a width W that radislly extends around the central
opening 117 to define an apposition surface thereabout. In an embodiment, width W
may be in the range of 2.5 mm to 7.5 mm. Circumierential border 113 has triangular
openings defined by the framework thereof, the friangular openings being shown by
way of iltustration and not limitation. One or both sides of circumferential border 113
may be coveraed with a graft material 128, such as any of the materials noted below for
graft material 111, o aid in providing a seal against the native anatomy when section
104 i1s deployed within the heart. A crimping evelel 126 extends from circumferential
border 113 of annular frame 105. Annular frame 105 has a shape or a profile of a flat
washer with a minimal thickness T that provides prosthetic valve section 104 with a
low ventricular profile that does not inlerfere with the left ventricular outflow tract. In
an embodiment, thickness T may be in the range of 025 mm to 0.75 mm. Annular
frame 105 so described aids in maintaining apposition of section 104 against the
native anatomy o provide a seal there against. In an embodiment, the seal prevents
or minimizes paravaivular leakage (PVL). In an embodiment, a medical device, such
as a prosthetic valve, may be inserted, placed, or docked into or within central opening
or orfice 117, More particularly, when prosthesis 100 is deployed within the heart such
that prosthetic valve 107 secured within annular frame 105 is utilized as a replacement
mitral valve, the apposition surface provided by circumferential border 113 of annular
frame 105 exerts an apposition force against a surface of the left ventricle that
surrounds the native mitral valve and is intended 10 seal against paravalvular leakage.
[0059] In an embodiment, annular frame 105 is formed with upstream portion 112
of stent structure 103 as a single unit with an integral hinge segment 108 formed to
extend therebetween. In such an embodiment, stent structure upstream portion 112
and annular frame 105 with integral hinge segment 109 may be formed by etching or
otherwise cutting the patlerns thereof from a tube, such as a tube 330 of nitinol, as
shown in FIG. 3 and then periorming a thermal treatment to shape set the structures in
the expanded configuration shown in FIG. 4. When formed in this manner, hinge
segment 109 is configured to retumn annular frame 105 o the shape set expanded
configuration of FIG. 4 when prosthesis 100 is released from a compressed delivery
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configuration.  In an embodiment, hinge segment 108 and annular frame 105 will
rotate outwardly and upwardly relative o longitudinal axis LA of stent structure 103
when deployed from delivery catheter 240 within the heart {o exert an apposilion force
AF against any heart structure in which annular frame 105 comes in contact,

(00607 in another embodiment, annular frame 105 may be formed separately from
upstream portion 112 of stent structure 103 with hinge segment 108 formed to
integrally extend from annular frame 105 and then subsequently joined to upstream
portion 112 or vice versa.

10064] Depending on the anatomy of the heart in which prosthesis 100 is to be
implanted and particularly in view of the analomical position of the native aortic valve
relative 10 the native mitral valve, in embodiments hereot annular frame 105 in an
expanded configuration may extend along an axis TA that is transverse to longitudinal
axis LA of twbular section 102, as shown in FIG. 9, may exiend at an obtuse angle o
longitudinal axis LA of tubular section 102, as shown in FIG. 4, or may extend at an
acute angle io longitudinal axis LA of tubular section 102, as shown in FIG. 7.
Accordingly in the expanded configuration annular frame 105 may laterally extend
from stent structure 103 at an angle in the range of 45 {0 135 degrees with respect o
longitudinal axis LA of tbular section 102, which is by way of example and not
imitation as the actual angle may vary due o anatomical differences in the relative
positions of the native vaives. In each of the aforementioned expanded configurations
when deployed within the heart, hinge segment 108 and annular frame 105 are
configured or formed {o rotate oulwardly and upwardly relative o longitudinal axis LA
of stent structure 103 to exert an apposition force AF against at least the heart
structure that surrounds the native heart valve being replaced by prosthetic valve 107,
[0062] Prosthetic valve 107 secured within the interior of annular frame 105 is
configured as a one-way valve o aliow blood flow in one direction and thereby
regulate bicod flow there through. In the embodiment shown and described with
reference to FIG. 8, prosthelic valve 107 may include two valve leatlets to form a
bicuspid replacement valve. In other embodiments in accordance herewith, prosthetic
valve 107 may be a ftricuspid or a bicuspid replacement valve. In stili other
embodiments in accordance herewith, prosthetic valve 107 may be a single leaflet
replacement valve or a replacement valve with more than two leaflets. Natural tissue
for forming prosthetic vaive leaflets for use in prosthetic valve sections in accordance
with embodiments hereof may be obtained from, for example, heart valves, aorlic
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roots, aortic walls, aortic leaflels, pericardial tissue, such as pericardial pailches,
bypass grafts, blood vessels, intestinal submucosal tissue, umbilical tissue and the like
from humans or animals, such as tissue from boving, equing or porcing origing.
Synthetic materials suitable for use as prosthetic valve leaflets in embodiments hereotf
include DACRON® polyester commercially available from Invista North America
SARL of Wilmington, DE, polyurethane, Gore-Tex or other cloth materials, nylon
blends, polymeric materials, and vacuum deposition nitino! fabricated materials. One
polymeric material from which the replacement valve leaflets can be made is an ultra-
high molecular weight polyethylene material commercially available under the trade
designation BDYNEEMA from Rovyal DSM of the Netherlands. With ceriain prosthetic
leafiet materials, it may be desirable 0 coat one or both sides of the replacement
valve [eaflet with a material that will prevent or minimize overgrowth, 1t is further
desirable that the prosthetic leaflet material is durable and not subject to strefching,
deforming, or fatigue.

100631 The valve leafleis of prosthetic valve 107 are sutured or otherwise securely
and sealingly attached t© an interior surface of annular frame 105 and/or prosthelic
valve 107 may be sulured or otherwise attached to graft material 128 that encloses or
lines annular frame 105 as would be known o one of ordinary skill in the art of
prosthetic valve construction. Graft material 128 may be a low-porosity woven fabric,
such as polyester, Dacron fabric, or PTFE, which creates a one-way fluid passage
when attached to the annular frame 105, In an embodiment, graft material 128 may
be knitted or woven fiber, 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 stretch to conform 1o a curved surface. Polyester velour fabrics may alternatively be
used, such as when it is desired o 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. In another embodiment, graft material 128 may also be of a natural
material such as pericardium or another membranous tissue such as intestinal
submucosa.

10064] In one embodiment, the general direction of biood flow through prosthesis
100 when depioved in vive is depicted by arrows BF in FIG. 2. In an embodiment in
which prosthesis 100 is deployed within the heart, as described in more detail below,

prosthetic valve section 104 is a replacement mitral valve positionad {0 replace the
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native mitral valve and tubular support section 102 is positioned adjacent, near, or
within the native aortic valve with hinge segment 109 laterally extending therebetween
o maintain the relative deployed positions of prosthelic vaive section 104 and tubular
support section 102, In certain methods of deploying prosthesis 100, one or both of
hinge segment 109 and annular frame 105 may be deploved 10 secure the anterior
leaflet of the native mitral valve to thereby prevent it from interfering with the operation
of the replacement prosthetic mitral valve and a prosthetic aortic valve that is placed or
docked in or within orifice 131.  In an embodiment, such methods may include
advance preparation of the anterior leaflet of the mitral valve in order for subsequent
deployment of prosthesis 100 to function o “catch’ or secure the anterior [eaflet in the
open position and o avoid the mitral chordae.

[0065] FIG. 7 depicls prosthesis 100 implanted within the heart with seclion 102
implanted in or near the native sortic valve and section 104 implanted in or near the
native mitral valve. With a comparison of FIG. @ and FIG. 7, prosthetic mitral valve
107 is configured to be positioned in the heart within the left veniricle to permit blood
flow through the prosthetic mitral valve 107 in the direction of arrows BF during alrial
emplying and ventricular filling when the leaflets of the prosthetic mitral valve open or
part to allow biood to flow into the left ventricle. In one embodiment, a docked
prosthetic aortic valve (not shown} may be a one-way tricuspid vaive that is configured
{0 be positioned in the heart between the left ventricle and the aorta within orifice 131
o permil blood flow through inflow end 118 of tubular support section 102 in the
direction of arrows BF during systole when the leaflets of a prosthetic aortic valve
open or part to allow blood o flow info the gorta.  In embodiments hereof, a prosihetic
aortic valve may be a bioprosthetic heart valve such as any one of the bioprosthetic
heart valves being used in implantable heart valve devices currently available that has
been adapted for use herein.

[0068] In one embodiment, prosthesis 100 includes a tubuiar section 102 and an
annular frame section 104. in the embodiment shown in FIG. 10, annular section 104
includes central opening or orfice 117 and tubular section 102 includes an central
apening or orifice 131, Central openings 117 and 131 may serve as openings and/or
lumens 1o allow blood flow and/or may serve as docking stations for one or more
medical devices such as one or more prosthetic valves.

100671 Tubular section 102 includes a self-expanding stent structure 103 for

anchoring prosthesis 100 within a beating heart. Slent structure 103 of tubular section
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102 includes a downstream or aortic portion 110 and an upstream or venlricular
portion 112, wherain “upstream” and “downstream” are relative to a direction of blood
fiow when prosthesis 100 is properly implanted in vive. Each of downstream and
upsiream portions 110, 112 of stent structure 103 is a collapsible, compressibie
structure made of a material having resiliency or shape memory characteristics in
order to return tubular support section 102 to the deployed configuration shown in FIG.
10 upon release from a delivery device, such as delivery catheter 240, In an
embodiment, downsiream and upstream portions 110, 112 of stent structure 103 may
be initially formed separately and then joined together by any means known o one of
ordinary skill in the art such as, for instance, welding, giuing or suturing.

[0068] Stent structure upstream portion 112 is a patierned tubular device that
defines substantially diamond shaped openings 108, although openings 108 may have
any one of a variety of other shapes without departing from the scope hereof.
Crimping evyelets 124 extend from upstream portion 112 at an upstream or inflow end
119 of section 102. Crimping evelets 124 may be of varying lengths or shapes or may
be independently engaged by catheter 240 o permit release of the eyeleis in 8
controlied or sequential manner. Upstream portion 112 has a curved upstream edge
defining an arched opening 121 when prosthesis 100 is in the expanded configuration
that aliows for the lateral positioning of annular frame 105 relative o section 102
More particularly, a hinge segment 109 between upstream portion 112 of stent
structure 103 and annular frame 105 extends from an area of an apex of arched
opening 121 {o laterally extend annular frame 105 therefrom when prosthesis 100 is in
the expanded configuration as discussed in more detail below.

(00691 Stent structure downstream portion 110 includes three engagement arms
114 that are generailly u-shaped and three supports 118, Each engagement arm 114
extends upstream between respeciive supporis 116 10 be posilioned between
upstream end 118 of section 102 and a downstream or ocutflow end 118 of section
102. Upstream ends 122 of engagement arms 114 may be described as being radially
spaced or flared from the remainder of stent structure 103 and engagement arms 114
may be described as having a curved profile in the deployed/implanted configuration.
When compressed for delivery within a sheath component of delivery catheter 240 as
shown in FIG. 2, engagement arms 114 will somewhat straighten against upstream
portion 112 of stent structure 103. When stent structure 103 is released from the

sheath component, engagement arms 114 will return 1o their curved configuration with
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atent structure upstream portion 112 returning to its expanded configuration shown in
FIG. 10, In an embodiment when section 102 is deployed, engagement arms 114 of
downsiream portion 110 engage the aortic sinuses and upstream portion 112 of stent
structure 103 is deploved to seat within the annulus of the native aortic valve and to
extend partially into the lef ventricle, as discussed in more detall below.

(00761  In addition to steni structure 103, tubular section 102 includes lumen 131.
Tubular section 102 may serve as a docking station for a medical device, for example
a prosihetic aortic valve, having, Tor example, three valve leaflels to form a tricuspid
replacement valve. Various types of prosthetic valves well-known in the art may be
suitable for docking in lumen 131, including transcatheter, percutaneous, transfemoral,
transapical, surgical, surgical sutureless, fissue, and/or mechanical heart valves, for
example.

10074]  Prosthesis 100 includes self-expanding annular frame 105 that extends from
stent structure 103, Annular frame 105 forms a circumferential border 113 of a2 width
W that radially extends around the central opening 117 to define an apposition surface
thereabout. In an embodiment, width W may be in the range of 2.5 mm to 7.5 mm.
Circumferential border 113 has iriangular openings defined by the framework thereof,
the triangular openings being shown by way of Hlustration and not limitation. One or
both sides of circumferential border 113 may be covered with a graft material 128,
such as any of the materials noted below for graft material 111, to aid in providing a
seal against the native anatomy when deployed within the hearl. A crimping eyelet
126 extends from circumferential border 113 of annular frame 105, Annular frame 105
has a shape or a profile of a flat washer with a minimal thickness T that provides a low
vertricular profile that does not interfere with the left ventricular outflow tract. In an
embodiment, thickness T may be in the range of .025 mm to 0.75 mm. Annular frame
105 so described aids in maintaining apposition against the native anatomy {o provide
2 seal there against. In an embodiment, the seal prevents or minimizes paravalvular
leakage (PVL). In an embodiment, a medical device, such as a prosthetic valve, may
be inserted, placed, or docked into or within central opening 117. More particularly,
when prosthesis 100 is deployed within the heart, the apposition surface provided by
circumferential border 113 of annular frame 105 exerts an apposition force against a
surface of the lefl ventricle thal surrounds the native mitral valve and is inlended to

seal against paravalvular leakage.
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(0072} In an embodiment, annular frame 105 is formed with upstream portion 112
of stent structure 103 as a single unit with an integral hinge segment 109 formed to
extend therebelween. In such an embodiment, stent structure upstream portion 112
and annular frame 105 with integral hinge segment 108 may be formed by etching or
otherwise cutling the patterns thereof from a tube, such as a tube 330 of nitinol, as
shown in FIG. 3 and then performing a thermal treatment to shape set the structures in
the expanded configuration shown in FIG. 4. When formed in this manner, hinge
segment 109 is configured o return annular frame 105 to the shape set expanded
configuration of FIG. 4 when prosthesis 100 is released from a compressed delivery
configuration.  In an embodiment, hinge segment 108 and annular frame 105 will
rotate outwardly and upwardly relative o longitudinal axis LA of stent structure 103
when deployed from delivery catheter 240 within the heart {o exert an apposilion force
AF against any heart structure in which annular frame 105 comes in contact.

(00731 in another embodiment, annular frame 105 may be formed separately from
upstream portion 112 of stent structure 103 with hinge segment 108 formed to
integrally extend from annular frame 105 and then subsequently joined to upstream
portion 112 or vice versa.  The joining annular frame 105 and upstream portion 112
may be selected to result in hinge segment 108 being a relatively flexible or a
relatively rigid unit.

100741 Depending on the anatomy of the heart in which prosthesis 100 is to be
implanted and particularly in view of the anatomical position of the native aorlic valve
relative 1o the native mitral valve, in embodiments hereof annular frame 105 in an
expanded configuration may extend along an axis TA that is transverse (o longitudinal
axis LA of section 102, as shown in FIG. 10, may extend at an obiuse angle to
longitudinal axis LA of section 102, as shown in FIG. 4, or may exiend at an acute
angle to longitudinal axis LA of section 102, as shown in FIG. 7. Accordingly in the
expanded configuration annular frame 105 may laterally extend from stent structure
103 at an angle in the range of 45 1o 135 degrees with respect to longitudinal axis LA
of section 102, which is by way of example and not limitation as the actual angle may
vary due to anatomical differences in the relative positions of the native vaives. In
gach of the alforementioned expanded configurations when deployed within the heart,
hinge segment 109 and annular frame 105 are configured or formed to rotate

outwardly and upwardly relative {o longitudinal axis LA of stent structure 103 to exert
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an apposition force AF against at least the heart structure that surrcunds the native
heart valve,

[0075] Prosthesis 100 may serve as a docking station for one or more prosthetic
valves configured as one-way valves {o allow blood flow in one direction and thereby
regulate blood flow there through. In other embodiments in accordance herewith, the
one or more prosthetic valves docked in prosthesis 100 may be tricuspid and/or
bicuspid replacement valves. In still other embodiments in accordance herewith, the
one or more prosthetic valves docked in prosthesis 100 may be single leaflet
replacement valves and/or replacement valves with morg than three leaflets. Natural
tissue for forming prosthetic valve leaflets for use in prosthetic valve sections in
accordance with embodiments hereot may be obtained from, for example, heart
valves, aorlic roots, aortic walls, aortic leaflets, pericardial tissue, such as pericardial
patches, bypass grafts, blood vessels, intestinal submucosal tissue, umbilical tissue
and the like from humans or animals, such as tissue from bovine, equine or porcing
origing.  Synthetic materials suitable for use as prosthelic valve leaflets in
embodiments hereof include DACRON® polyester commercially available from Invista
North America S AR.L. of Wilmington, DE, polyurethane, Gore-Tex or cther cioth
materials, nylon blends, polymeric materials, and vacuum deposition nitinol fabricated
materials. One polymeric matenial from which the replacement valve leaflets can be
made is an ultra-high molecular weight polyethylene material commercially available
under the frade designation DYNEEMA from Royal DSM of the Netherlands., With
certain prosthetic leaflet materials, it may be desirable {0 coat one or both sides of the
replacement valve leaflel with a material that will prevent or minimize overgrowth. ftis
further desirable that the prosthetic leaflet material is durable and not subject to
stretching, deforming, or fatigue.

[0076] Prosthesis 100 may comprise graft materials 128 and 111 that enclose or
fine annular frame 105 and/or tubular support section 102 as would be known o one
of ordinary skill in the art of prosthesis construction. Graft materials 128 and 111 may
be a low-porosity woven fabric, such as polyester, Dacron fabric, or PTFE, which
prevent the passage of fiuid when attached to the annular frame 105 and/or tubular
support section 102. In an embodiment, graft materials 128 and 111 may be knitted or
woven fiber, such as a polyester or PTFE knit, which can be ulilized when it is desired
to provide a medium for tissue ingrowth and the ability for the fabric to streich to
conform to a curved surface. Polyester velour fabrics may alternatively be used, such
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as when it is desired o 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
gxample. In ancther embodiment, graft materials 128 and 111 may also be of a
natural material such as pericardium or ancther membranous lissue such as intestinal
submucosa. Graft materials 128 and 111 may be the same or different and may
comprise more than one fabric or natural material. In one embodiment, graft materiais
128 and 111 comprise a combination of natural material and fabric.

100777  in one embodiment, the general direction of blood flow through prosthesis
100 when deployed in vivo is depicted by arrows BF in FIG. 10, In an embodiment in
which prosthesis 100 is deployed within the heart, as described in more detaill below,
annular frame 108 is positioned adjacent 1o or near the native mitral valve and tubular
support section 102 is positioned adjacent to, near, or within the native aortic valve
with hinge segment 109 laterally extending therebetween to maintain the relative
deployed positions of annular frame 105 and tubular support section 102, In certain
methods of deploying prosthesis 108, one or both of hinge segment 108 and annular
frame 105 may be deployed 1o secure the anterior leaflet of the native mitral valve (o
thereby prevent it from interfering with the operation of a replacement prosthetic mitral
valve that is placed or docked in or within central opening 117. In an embodiment,
such methods may include advance preparation of the anterior leaflet of the mitral
valve in order for subseguent deployment of prosthesis 100 to function o “catch’ or
secure the anterior leaflet in the open position and 1o avoid the mitral chordae.

[00781  In some embodiments, sulures, clips, prongs, barbs, hooks, or the like may
be used to alfach one or more portions of prosthetic device 100 {o tissue or to ancther
prosthetic device, such as, without limitation, a prosthelic valve device or an
annuloplasty ring device. In an embodiment, annular frame 105 may be atiached o
tissue around or near the mitral valve, and annular frame 105 may support the native
mitral valve. Annular frame 105 may support the annulus of the native mitral valve or
may function as an annuloplasty ring device. It is to be undersiood that although
annular frame 1058 is illustrated having a generally circular shape, in some
embodiments, it may have other shapes, such as & “D" shape. Il is siso 1o be
understood that although annular frame 105 is illusirated as comprising two rings
joined by struts, in other embodiments, it may comprise one or more rings, bands,

and/or hoops, for example.

30



WO 2014/138194 PCT/US2014/020647

(00791 In one embaodiment, the prosthetic device 300 shown in FIG. 11 may be
implanted, for example, o serve as support 1o the annuli of one or more of the mitral
and aortic valves. Prosthelic device 300 may be oplionally covered with a graft
material, as described above, and it may be covered in such a manner that the graft
material reduces, controls, or modulates the flow of biood, for example, by acling as a
seal between the tissue and the device. Implantation may be accomplished by one or
mare of franscatheter, percutaneous, transfemoral, transapical, minimally invasive, or
standard surgical techniques. In some embodiments, sulures, clips, prongs, barbs,
hooks, or the like may be used o attach one or more portions of the device to tissue or
to another prosthetic device, such asg, without limilation, a prosthetic valve or an
annulopiasty ring.  In some embodiments, prosthetic device 300 may serve as a
docking station for one or more prosthetic valves that replace or augment one or more
native valves, for example, aortic and mitral valves. Prosthetic device 300 may be a
docking station that does not extend into the annull of at least one of the mitral and
aortic valves. In ancther embodiment, the device acis as a docking station that does
not interfere with the function of at least one of the native valves.

{00801 In an embodiment, one or more of the prosthetic device 100, the prosthetic
device 300, and delivery system 240 may control the rotational angle of the device
during delivery, which in some contexts is referred o as “clocking” the device. For
axample, rotation about the longitudinal axis LA may be controlled to enable annular
frame 105 10 be placed in a desired location. In other embodiments, the position of
annular frame 105 may be adjusted after delivery of prosthetic device 100 using
delivery catheter 240 or another medical device. In other embodiments, the delivery
and position of prosthetic device 100 may be controlied using surgical procedures.
[0081]  In an embodiment, the devices described herein may be used in conjunction
with previously implanted devices, such as a prosthetic heart valve or an annuioplasty
ring. As a nonlimiting example, tubular section 102 may be inseried inlo a previously
implanted prosthetic aortic valve. As another nonlimiting example, tubular section 102
may be inserted info the annulus of a native valve that is supported by a previously
implanted annuloplasty ring.  In some embodiments, a clinician trealing a patient may
implant an annuloplasty ring and a device described herein sequentially.

[0082] While varicus embodiments have been described above, it should be
understood that they have been presenied only as illustrations and examples of the
present invention, and not by way of limitation. It will be apparent 1o persons skilled in

31



WO 2014/138194 PCT/US2014/020647

the relevant art that various changes in form and detail can be made therein without
departing from the spirit and scope of the invention. Thus, 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 understood 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 prosthesis comprising:
a stent structure; and
an annular frame, wherein when the prosthesis is in an expanded

configuration the annular frame [aterally extends from the stent structure.

2. The prosthesis of claim 1, wherein the stent siructure further

comprises a prosthetic valve.

3. The prosthesis of claim 1, wherein the annular frame further

comprises a prostheatic valve.

4. The prosthesis of claim 1, wherein the annular frame forms a

border that radially extends around a prosthetic valve to define an apposition surface.

5. The prosthesis of claim 1, wherein the annular frame has a profile

of a flat washer.

g. The prosthesis of claim 1, wherein a hinge segment lateraily
extends between the annular frame and the stent structure when the prostheasis is in
the expanded configuration.

7. The prostheasis of claim 6, wherein the hinge segment and the
annular frame extend from an arched opening defined by an upstream edge of the

stent structure.

8. The prosthesis of claim 7, wherein al least an upstream portion of
the stent structure, annular frame and hinge segment are an integral seif-expanding
structure with a shape set 1o return 1o the expanded configuration from a compressed

delivery configuration.
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9. The prosthesis of claim 8, wherein a downstream portion of the
stent structure includes a plurality of engagement arms each having an upstream end

that is radially spaced from the upstream portion of the stent structure.

10.  The prosthesis of claim 1, wherein in the expanded configuration
the annular frame laterally extends from the stent structure at an angle in the range of

45 to 135 degrees with respect o a longitudinal axis of the stent structure.

11. A method of implanting a prosthesis within a beating heart
comprising:

introducing a delivery catheter transapically into the left ventricle of the
heart, whergin a prosthesis disposed within a distal portion of the delivery catheter
includes a stent structure and an annular frame, wherein the annular frame laterally
extends from the stent structure when the prosthesis is implanted in the heart;

deploying the stent structure to implant within the native aortic valve; and

deploying the annular frame to implant against the native mitral valve,
wherein the annular frame exerts an apposition force that acls against the heart

structure that surrounds the native mitral valve when deployed.

12.  The method of claim 11, wherein the stent structure and the
annular frame are self-expanding and wherein the delivery catheter includes a sheath
component such that during the step of introducing the delivery catheter the stent
structure and annular frame are compressed in a delivery configuration within the

distal portion of the delivery catheter by the sheath component.

13. The method of claim 12, wherein a hinge segment extends
between the annular frame and the stent structure and wherein the step of deploying
the stent structure includes releasing the hinge segment and annular frame from the
sheath component to permit the annular frame {o rotate cutwardly from the stent

structure at the hinge segment.

14, The method of claim 12, wherein the step of deploying the stent

structure includes positioning the stent structure thereof within the native aorlic valve
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and releasing engagement arms of the stent structure from the sheath component
such that the engagement arms implant within the aortic sinuses.

15.  The method of claim 14, wherein the step of deploying the first
prosthetic section includes releasing an upstream portion of the stent structure from
the sheath component to implant the upstream portion within the annulus of the native

aortic valve.

16.  The method of claim 15, wherein the step of deploying the annular
frame includes releasing the annular frame from the sheath component into apposition

with a surface of the left ventricle that surrocunds the native milral valve.

17.  The method of claim 16, wherein releasing the engagement arms

and upstream portion of the stent structure occurs before releasing the annular frame.

18. The method of claim 11, wherein the delivery catheter includes a
rebated retainer within a sheath component thereof that is used to secure crimping
gyelets of the stent structure and the annular frame when the prosthesis isin a

compressed delivery configuration within the sheath component.

19.  The method of claim 18, wherein the crimping eyelels of the stent
structure and the annular frame are held within corresponding recesses of the rebated
retainer by the sheath component.

20,  The method of claim 19, wherein the crimping eyelets of the stent
structure are released from the rebated retainer and sheath component during the
step of deploying the stent structure prior to the crimping eyelets of the annular frame
being released therefrom during the step of deploying the annular frame.
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