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PERCUTANEOUSLY IMPLANTABLE ARTIFICIAL HEART VALVE
SYSTEM AND ASSOCIATED METHODS AND DEVICES

RELATED APPLICATIONS INCORPORATED BY REFERENCE

[0601] The present application claims priority to U.S. Provisional Patent Application
No. 61/501,148, filed June 24, 2011, entitled "PERCUTANEOCGUSLY IMPLANTABLE
ARTIFICIAL HEART VALVE SYSTEM AND METHOD,” to U.S. Provisional Patent
Application No. ©01/308/015, filed July 14, 2011, entitled “PERCUTANEOUSLY
IMPLANTABLE ARTIFICIAL HEART VALVE SYSTEM AND METHOD," and to U.S.
Provisional Patent Application No. 61/583,993, filed Januvary 6, 2012, entitled “DEVICES
AND METHOD FOR OCCLUSION OF THE LEFT ATRIAL APPENDAGE," all of which
are incorporated herein in their entireties by reference. As such, components and features of
embodiments disclosed in the applications incorporated by reference may be combined with

vartous components and features disclosed and claimed in the present application.

TECHNICAL FIELD

[0602] The present technology relates generally to artificial replacement heart valves
and associated systerns and methods. In particular, several embodiments are directed to
expandable prosthetic heart valve devices and methods for minimally invasive implantation,

such as percutaneous implantation, of expandable prosthetic heart valve devices.

BACKGROUND

{0003} The human heart is a muscular organ that provides continuous blood circulation
through the cardiac cycle. The heart can be divided into four main chambers called the right
and left atria and the right and left ventricles. The right heart, containing the right atrium and
veutricle, and are separated by a muscular wall or septum from the left heart, contaiming the
left atria and ventricle. The right heart supplies the fung (pulmonary) circulation while the left
heart supplies the remaining circulation to the body. To insure that blood flows in one
direction from the right to the left heart, atrioventricular valves are present at the inlet
junctions of the atria and the ventricles (the tricuspid valve on the right and the mitral valve
on the icft), and semi-hunar valves (the pulmonary valve on the right and the aortic valve on

the lefty govern the exits of the ventricles leading to the lungs and the rest of the body. These
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valves contain leaflets that open and shut in response to blood pressure changes caused by the

contraction and relaxation of the heart chambers.

[0004] Discases of the heart valves are common and can inchide valvular sienosis,
where the opening through the valve is smaller than normal causing the heart to work harde
to pump, and valvular insufficiency or regurgitation, where the valve does not close
compietely, allowing blood to flow backwards and causing the heart to be less efficient.
These discases may be congenital or acquired through infections such as endocarditis or
rheumatic fever as well as drug use or age related degeneration, Symptoms such as shoriness
of breath, weakness, dizziness, faimting, palpitations, anemia and edema may be present and

are often severe enough to be debilitating and/or life threatening.

{0005] Surgically implantable artificial heart valves for replacing damaged or diseased
native valves are commonly used in clinical practice today, particularly in the aortic and
mitral positions. These replacement valves can be the "tissue” type - constructed with
marmmalian fissues on polymeric or metal supports, or the "mechanical” type where no tissue
s used and the device is fabricated from biocompatible metals, ceramics and polymers,
Current implantation procedures are performed under general anesthesia and typically require
division of the rib cage at the sternum fo access the heart and major blood vessels. Patients
are placed on a cardiopulmonary bypass machine for several hours in which the heart is
stopped and the replacement valve s positioned i the renmant valve amnulus, An annular
sewing or suture ring, often composed of a polymer fabric such as Dacron”, surrounds the
valve frame to which the surgeon sutures the replacement valve to a remnant valve annulus.
The latier task can take up to 45 to 90 minutes with a skilled cardiac surgeon. Consequently,
many patients who are in need of a valve replacement are excluded due to the severity and

risks associated with this highly invasive surgical procedure.

{00608} Specialized annulus attachment rings have been proposed as substibutes for
commonly used fabric sewing rings in order to reduce operation times. Such rings could be
attached without suturing in a foew minutes and are disclosed, for example, in U.S. Patent
Nos. 3,143,742 and 3,464,065 to Cromie, the contents of which are hereby incorporated by
reference. Collapsible tissue valves jucorporating an expandable stent framework have been
proposed to eliminate or greatly reduce the time needed for suturing. Such expandable stents
are disclosed, for example, in U.S. Patent 3,657,744 to Ersek, the contents of which are

hereby incorporated by reference. Advances in minimally invasive surgical and mterventional

]
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cardiology techniques have led to valve replacoments that are performed through intercostal,
transsepial, transapical, transfomoral and other less invasive and percutancous approaches n

attempts to lessen the roorbidity and mortality visks of these procedures.

[0607] These and other replacement heart valve systems have a nursber of potential
drawbacks particularly when attempting to adapt them to the mitral position. The mitral
valve is typically oval or kidney-shaped, unlike the circular or more uniform aortic valve, and
includes clusters of chordae tendineac extending from the valve leaflets to the papillary
muscles located at the posterior surface of the left ventricle. Morcover, the mitral valve
annufus has muscle only along the cuter wall of the valve and the thin vessel wall that
separates the mitral valve and the aortic valve can cause distortion of the mitral valve
annulus. Thus, conventional expandable stents, which are typically cylindrical in shape and
apply only radial force against the anmulus, are limited for treating conditions of the mitral

valve.

00081 For example, conventional stents, can cause insufficient sealing around the
mitral valve annulus leading to paravalvular leaking (regurgitation) due to the high pressures
experienced on left ventricufar contraction. They may also suffer from inadequate fixation
around the mitral annulus leading to valve dislodgement or improper placement due io the
high pressure and anatomical challenges such as the presence of chordae tendincae and
remnant leatlets, leading to valve impingement.  Additional challenges are present for
accurate valve positioning and seating during percutancous delivery, collapsing and
maintaining flexibility of the device during delivery in order to reliably navigate blood
vessels and pass benignly through the aortic valve to the mitral position, and promoting
natural tissue ingrowth and healing of the arfificial annulus following implantation.

Accordingly, there is a strong public-health need for alternative treatment strategies.

BRIEF DESCRIPTION OF THE DRAWINGS

f0009] Many aspects of the present disclosure can be better understood with reference
to the following drawings. The components in the drawings are not necessarily to scale.
Instead, emphasis is placed on illusirating clearly the principles of the present disclosure,
Furthermore, components can be shown as transparent in cerfain views for clarity of

tHustration only and not to indicate that the Hustrated component is necessarily transparent.
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[0610] FiG. 1 is a schematic illustration of a cross-sectional view of a heart depicting
the major chambers, blood vessels, blood tlow patterns and anatomical features of the heart
and showing an expandable prosthetic valve device woplanted at the native mitral valve m

accordance with an embodiment of the present technology.

[0011} FIG. 2A is a side view of an expandable prosthetic valve device for implantation
at a native valve region of 8 heart shown in a deployed state {o.g., expanded configoration)

and configured in accordance with an embodiment of the present technology.

{0012} FIGK, 2B-2C are perspective and top views, respectively, of the device as

configured in FIG. ZA.

[0613] FiG. 3 is an isometric view of an expandable prosthetic valve device for
implaniation at 3 native valve region of 2 heart and in a deploved state {e.g., expanded

configuration) configured in accordance with another embodiment of the present technology.

[00614] FIGS. 4A-48 are cross-sectional side views of portions of self-cxpanding braids

configured in accordance with various cmbodiments of the present technology.

[0015] FIG. 5 is a side view of a mandrel and a braided mesh formed over the mandrel

configured in accordance with an embodiment of the present technology.

{00186} FIG. 6 is an enlarged view of a self-expanding braid with tnterwoven large and

small strands configured in accordance with an embodiment of the present technology.

[0017] FIG. 7 is an enlarged cross-sectional side view of select components of an
expandable prosthetic valve device implanted at a native valve amnulus in the heart in

accordance with an embodiment of the present technology.

{0018} FIG. BA is an enlarged cross-sectional view of an expandable prosthetic valve
device shown in a deployed state {c.g., expanded configuration} configured in accordance

with an embodiment of the present technology.

10019} FiG. 8B is an enlarged cross-sectional view the expandable prosthetic valve
device of FIG. 8BA shown in a delivery state {c.g., low-profile or collapsed configuration)

configured in accordance with an embodiment of the present technology.
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[0620] FIG. 8C is a side view of the expandable prosthetic valve device as configured

in FIG. 8A configared in accordance with an embodiment of the present technology.

{0021} FIG. 813 is a side view the expandable prosthetic valve device as configured in
FI1G. 8C iroplanted at a native mitral valve 1o the heart in accordance with an erabodirsent of

the present technology.

[0022] FIGS. 9A-9B are top views of an expandable prosthetic valve devices having a
plurality of fixation members configured i accordance with embodiments of the present

technology.

{0023} FIGS. 10A-10L are cross-sectional side views of portions of expandable
prosthetic valve devices in delivery and deploved states configured in accordance with

vartous embodiments of the present technology.

{0024} FIGS. 1TA-THT are cross-sectional side views of portions of expandable
prosthetic valve devices in delivery and deployed states configured i accordance with

additional embodiments of the present technology.

[0025] FI1G. 12A is a side view of an expandable prosthetic valve device showing a
self-expanding braid transitioning from a delivery state o a deployed state configured in

accordance with an additional embodiment of the present technology.

10026} FIGS. 12B-12C are enlarged cross-sectional side views of expandable prosthetic

valve devices configured in accordance with embodiments of the present technology.

[0627] Fi(. 12D is a cross-sectional side view the prosthetic valve device of FIG. 12C
implanted at a native mitral valve m the heart in accordance with an embodiment of the

present technology,

10028] FIGS. 138-13C are cnlarged cross-sectional views of expandable prosthetic
valve devices configured in accordance with additional cmbodiments of the present

technology.

§00298] FIG. 14 illustrates a prosthetic valve device delivery system in accordance with

an embodiment of the present technology.
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[0630] FIG. 15 is a schematic illustration of a cross-sectional view of a heart showing a
guidewire traveling along a guidewire path through the heart in accordance with an

embodiment of the present technology.

[0031] FIGS. 16A-16] arc schematic illustrations of embodiments of attachment
mechanisms suitable for coupling surgical components percutancously within a tfarget
chamber of a heart configured in accordance with various embodiments of the present

technology.

DETAILED DESCRIPTION

{0032} Specific details of several embodiments of the technology are described below
with reference to FIGS. 1-18). Although many of the embodiments are described below with
respect o devices, systems, and methods for treatment of heart valve diseases and conditions
by percutaneous implantation of expandable prosthetic valves, other applications and other
embodiments in addition to those described hercin are within the scope of the technology.
Additionally, several other embodiments of the technology can have different configurations,
components, or procedures than those described herein. A person of ordinary skill in the art,
therefore, will accordingly understand that the technology can have other embodiments with
additional elements, or the technology can have other embodiments without several of the

features shown and described below with reference to FIGS. 1-16].

f0033] With regard to the terms "distal” and "proximal” within this description, unless
otherwise specified, the terms can reference a relative position of the portions of a prosthetic
valve device and/or an associated delivery device with reference to an operator and/or a
focation m the vasculature. For example, proximal can refer to a position closer to the
operator of the device or an incision into the vasculature, and distal can refer to a position that
ts more distant from the operator of the device or further from the incision along the
vasculature. With respect to a prosthetic heart valve device, the ferms “proximal” and
“distal” can refer to the location of portions of the device with respect to the direction of
blood flow. For example, proximal can refer to an upstream position or a posifion of blood
inflow, and distal can refer to a downstream position or a position of blood outflow. For gase
of reference, throughout this disclosure identical reference numbers are used to identify
similar or analogous components or features, but the use of the same reference nomber does

not inply that the parts should be construed to be identicall Tndeed, in many cxamples
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described herein, the identically numbered parts are distinct in structure and/or function. The

headings provided herein are for convenience only.

Selected Embodiments of Artificial Heart Valve Svstems and Devices

{0034} Introductory examples of artificial heart valve systems, system componeuts and
associated methods in accordance with embodiments of the present technology are described
in this section with reference to FIGS. 1-111. It will be appreciated that specific elements,
substroctures, advantages, uses, and/or other features of the embodiments described with
reference to FIGS. 1-111 can be suitably mterchanged, substituted or otherwise configured
with one another and/or with the embodiments described with reference to FIGS. 12A-13F in
accordance with additional embodiments of the present technology. Furthermore, suitable
elements of the embodiments described with reference to FIGS. 1-13F can be used as stand-

alone and/or self-contained devices,

[0035] Systems, devices and methods are provided herein for percutancous
implantation of prosthetic heart valves in a heart of a patient. In some embodiments, methods
and devices are presented for the treatment of valve disease by minimally mvasive
implantation of artificial replacement heart valves,  In one embodimaent, the artificial
replacement valve can be a prosthetic valve device suitable for implantation and replacement
of a mitral valve between the left atriom and left ventricle in the heart of a patient. In another
embodiment, the prosthetic valve device can be suitable for implantation and replacement of
an aortic valve between the left ventricle and the aorta in the heart of the patient. In further
embodiments, the device can be suitable for implantation and repair or replacement of other
heart valves, such as the tricuspid and pulmonary valves., FIG. 1 1s a schematic iltusiration of
a cross-sectional view of a heart depicting the major chambers, blood vessels, blood tlow
patierns and pertinent anatomical landmarks of the heart. FIG. 1 also shows an embodiment
of an expandable prosthetic valve device 100 implanted in the native mitral valve region of

the heart.

{00386} FIG. 2A 1s a side view of an expandable prosthetic valve device 100 for
implantation at a native valve region of a heart, shown in a deployed state 101 {e.g., expanded
configaration}, and configured in accordance with an embodiment of the present technology.
FIGS. 2B-2C are perspective and top views, respectively, of the device 100 as configured in

FIG. 2A. Reforring to FIGS. 2A-2C together, the prosthetic valve device 100 can include an

-~J
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expandable structural support 110 and a sclf-expanding retainer 140 coupled to an outer
surface 112 of the support 110, The structaral support 110 can be generally cylindrical
having a proximal end 114 at an upstream portion 115 and a distal end 116 at a downstream
portion 117, the upstream and downstream portions 115, 117 oriented along a longitudinal
axis 103 of the support 110 (FIG. 2A). Generally, when implanted, the upstream portion 115
of the device 100 is orfented to receive blood inflow from a first heart chamber {(e.g., left
atrium ot left veniricle), and the downstream portion 117 is oriented to release blood outflow
into a second heart chamber (or structure, ¢.g., left ventricle or aorta). A midline 104 (FIG.
2C), in a plane transverse to the longitudinal axis 103, divides the device 1060 between the

upsiream and downstream portions 1S, 117,

[0637] As shown in Figures 2A-2C, the support 110 can have an internal wall 118 and,
in some embodiments, g valve structure 130 coupled to the internal wall 118 for governing
blood flow through the prosthetic valve device 108, For example, the valve structure 130 can
include a phurality of leaflets 132 (FIGS. 2B and 2C) that coapt and are configured to block
blood flow through the prosthetic valve device 100 in an upstream direction (e.g., from the
distal end 116 to the proximal end 114} and allow blood to flow through the device 13 m a
downstream direction {¢.g., from the proximal end 114 to the distal end 116). In some
embodiments, the device 100 is configured for implantation at the native mitral valve and the
device can have orifice or valve structure diameters varying between 23 and 33 mm. In other
embodiments the device 100 may be suitable for valve replacement or repair of aortic,

pulmonary and tricuspid valves having comparable valve structure diameters or smaller,

{0038} In one embodiment, the support 110 can be a flexible metal support 110 having
posts 1290, and the prosthetic valve structure 130 can be coupled to or otherwise supported by
the posts 120. The plurality of leaflets 132 may be formed of various flexible and
impermeable materials including PTFE, Dacron”, or biclogic tissue such as pericardial tissue
or xenograft valve tissue such as porcine heart tissue. in some cmbodiments, the valve
structure 130 can include three leaflets 132; however, other embodiments may include two

teatlet configurations or more than three leaflets 132,

§0038] In particular embodiments, the support 110 can be formed from a radially
expandable cylindrical stont-like latticework of elastic material capable of being stored within
a delivery catheter in a radially compressed state (e.g., delivery state, not shown} for delivery

to a target valve site, and capable of being deployed to an expanded state 181 for deployment
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and implantation at the target valve site. In some embodiments, the support 110 can be a
laser cut, fenestrated, nitinol or Eigﬂoy@ tube. In one embodiment, the support 110 can be a
balloon-expandable tubular metal stent with a tri-leatlet valve fashioned out of bovine
pericardium, for example, mounted within the stent, such as the SAPIEN® Transcatheter
Heart Valve (Edwards Lifesciences, Irvine, CA} or the CoreV atve® (Medtronic, Minneapoiis,
MN}).  In embodiments that nclude a stented support 110, the thickness of the struts
composing the framewaork of the stent could, in some examples, be less that about 0.75 mm,

or in other examples, be between about 0.5 mm and .75 mm,

[0040] Stent-like supports 110 may be expanded, in some embodiments, by a radially
expanding device such as a balloon or mechanical apparatus (not showny, In another
embodiment, the support 110 can be self-expanding due to elasticity, superelasticity, shape
memory or other responsive material behavior as described herein. The support 110 can
include metals, polymers or a combination of metals, polymers or other materials. In some
embodiments, the support 110 may be formed from either metallic tubes or sheet material,
Some PCM processes for making similar structures are described in U.S. Patent 5,907,893 by
Zadno-Azizi, and in U.S. Patent Application 2007/0031584 by Roth, which are both herein
jeorporated in their entivety by reference. In some embodiments, components of the support
110 can include nickel-titanium alloys (c.g. nitinol), Elgiloy”, stainless steel, or alloys of
cobalt-chrome. In other cmbodiments, components of the support 110 can include polymers
auch as Dacron®, polyester, polypropylene, nylon, Teflon”, PTFE, ePTFE, TFE, PET, TPE,
PGA, PGLA, or PLA. Other suitable materials known in the art of clastic implants may be
also be used to form some components of the support 110, In some arrangements, the
support 110 can be formed at least in part from a cylindrical braid of elastic filaments as

described further herein.

{0041} FIG. 3 is an isometric view illustrating an embodiment of another expandable
prosthetic valve device 100 for implantation at a native valve region of a heart shown in a
deploved state 101 {c.g., expanded configuration} and configured in accordance with an
embodiment of the present technology. In the embodiment shown in FIG. 3, the retainer 140
can include an elastic, superelastic or other shape memory component that sclf~expands upon
deployment of the device 100 to a formed or a pre-formed configuration at a target site. For
example, the retainer 140 can inchude one or more braided or mesh layers that self-expand to

a predetermined or pre-formed shape for providing a) a retaining feature for engaging a
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native heart valve annulus or other native tissue structure and/or b} a seal or occlusive
property between the tissue and the outer surface 112 of the support 110 and/or the prosthetic
valve structure 130 and the retainer 140, In one embodiment, the retainer 140 can expand
from a delivery or compressed state (not shown} to a deployed state 101 (e.g., expanded
configuration) having one or more annular flanges 150 (individually identified in FIGS. 24,
28 and 3 as 150a and 150b). The annular flanges 150 can extend circumferentially around
the support 110 for engaging a subannular surface, supra-annular surface, or both sub-and
supra-annular surfaces of a native valve annulus {¢.g., mitral valve annulus or aortic valve
annufus). In some embodiments, the device 100 can include a gap 152 {e.g., an annular
recess) formed between the self-expanded tlanges 150a and 150b that receives a native

annulus or other anatomical tissue {c.g., native leaflets) of a heart,

10042} FIGS. 4A-4B arc cross-sectional side views of portions of the retainer 140
configured in accordance with various embodiments of the present technology. In some
embodiments the retainer 140 may consist of one or more braids, such as one or more
structural braids 142 that define the shape and provide the primary expansion forces of the
retainer 140. In another embodiment, the retainer 140 may include a structural braid 142 and
a separate occlusive braid 144, as shown in FIG. 4A. In a different arrangement, the
structural and occlusive braids 142, 144 can be combined mio a single mterwoven braid or
braid layer that includes all the functions of both the structural and occlusive braids 142, 144
(FIG. 4B). Optionally, the retainer 140 may inchude other braids or layers in addition to the
structure and occlusive braids 142, 144, For example, as shown in dotted line n FIG. 44, a
fabric or polymer layer 145 (e.g., comprising Dacron”, polyester, polypropylene, nylon,
Teflon®, or other polymer, fabrics, braids, or knits) can be incorporated into the retainer 140

of the device 100,

[0043] The structural braid 142 can tnclude one or more of a resilient material, shape
memory material, or superelastic muaterial such as Nitinol, for example. In the crmbodiments
shown in FIGS, 2A-48, the structural braid 142 expands to form the annular flanges 150a and
150b, separated by the gap 152, The anmular flanges 150a, 150b can be regions of the
retainer 140 that expand away from the support 110 to form the tlange or “domut” feature

around a circumference of the device 100,

[0044] The device 100 may be designed to fit within native valve regions of the heart,

such as the native mitral or aortic valve regions. As shown in FIG. 3, the device 100 can

10
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have an overall expanded {or deployed) diameter Dy at the annular flange 150a and/or 150b
and the diameter Dy at an intermediate portion 122, wherein the diameter Dy 18 greater than
the diameter 3, The distance ;18 defined by the distance that the annular flange 150
extends beyond the surface 124 of the mtermediate portion 122, In some embodiments, the
diameter D, can be approximately the same as the diameter of the target native valve at the
annulus. In one embodiment, the second cross-sectional dimension Dy can be approximately
the same as a diameter of a heart valve region located at the annulus to accommodate the
annufus of the native valve region within the gap 152, In other embodiments, the dimension
D; could be greater or less than the diameter of the annulus as described further herein, In
one embodiment, the dimension D1 of the flange 150a and flange 150b can be sufficient to
pogition the flanges 150a and 150b on the upper (e.g., upsiream side) and lower (e.g.,
downstream side} surfaces of the native annulus, respectively to secure the device 10 to the
native valve region {(e.g., the anmulus can #ill the gap 152). In some embodiments, the
diameter P, can range from about 20 mm to 40 nun.  In some embodiments, the diameters
may range from 23 mm to 35 mm. Although dimensions D-Ds are described as diameters,
heart valves, and in particular mitral valves, are not circular. Thus the retainer 140 can be
thought of as having cross-sectional dimensions D1-B configured such that dimension Dy is
greater than that of the native valve annulus while diraensions D), is approximately equal to or
slightly larger than the corresponding dimension of the native valve amnulus. In some
embodiments, the length of the deviee 100 from the proximal end 114 to the distal end 116
may range from 5 rom to 50 mm. In some erabodiments, the length of the device may range

from 10 mm to 40 mm.

[0045] In some embodiments, the device 100 may flex along its central longitudinal
axis 103 to better conform to a native valve region or annulus of a native valve. In other
embodiments, the device 100 may include annular flanges 150 or other protruding aspects
frora the support 110 through the sclf-expanding retainer 140 that have an rregular or non-
cylindrical shape around the support 110, In a specific embodiment, the device 100 may
have an oval shape or deform to an oval shape or other shapes in the deployed state 101 to
conform to the geometry of a native heart anmulus and/or valve region. For example, the
mitral vaive, unlike the circular shape of the aortic valve, has an oval or kidney-like shape
that may not be able to support conventional stents having a cylindrical configuration.
Accordingly, the retainer 140 can expand to an irregular, non-cylindrical or, in some

examples, oval-shaped configuration for accommodating mitral or other irregular shaped

1i
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valves, Additionally, native valves (¢.g., aortic, mitral} can be uniquely sized in patients and
the device 100 for replacing such valves can be suitable for adapting to such size variations.
For example, the overall circumference of the retainer 140 can expand and compress to
conform to the unique size variations of the pative annulus while maintaining s preformed
curvilinear shape. In some instances, the present technology can be used to transform a
conventional expandable stent, as described above, to the prosthetic valve device 100
described herein. For exarmple, the retainer 140 can be coupled to a conventional stent (using
the suturing or mechanical coupling technigues described herein or known in the art) to form
the prosthetic valve device 100 with the sizing and shape adaptability functions described

above,

{0048} In some arrangements, the occlusive braid 144 can be configured to provide for
total or partial occlusion of blood around an outer region of the device 100 such that blood
leakage between the valve structure 130 and/or the support 110 and the pative tissue wall is
inhibited from retrograde or backflow of blood from a downstream heart chamber to an
upstream heart chamber.  Accordingly, the occlusive braid 144 can function as a barrier 1o
blood tlow in those regions of the device 100 containing the occlusive braid 144, For devices
100 having a retainer 140 with an outer most braid or layer inchuding or incorporating an
occhusive braid 144, the occlusive braid 144 can provide a seal between the support 110, the
structural braid 142 and/or any other component of the device 100 and the native tissue. In
situations where the native tissuc is uneven or varied across a tissue surface at a point of
contact, the occlusive braid 144 can provide a seal that inhibits leakage of blood arcund or
through the expandable support 110 1n a downstream to upstream direction. Additionally, the
occlusive braid 144 can, 1 soroe embodiments, provide a biocorpatible scaffold to promote

new tissue ingrowth and healing at the site of implantation.

[0047] In one embodiment, the support 110 can be formed from one or more structaral
142 and/or occlusive 144 braids. In another embodiment, the support 110 can also be a
radially cxpandable cylindrical stent-like latticework of elastic or superelastic material as
described above. In some embodiments, the support 110 and/or the retainer 140 may be
formed using conventional machining, laser cutting, electrical discharge machining (EDM) or
photochemical machining (PCM). Exemplary materials for the structural braid 142 and/or
the occlusive braid 144 include, but are not limited to nickel-titantum alloys (e.g. Nitinol),

Elgiloy”®, stainless steel, or alloys of cobalt-chrome. Materials may also include polymers
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such as Dacron®, polyester, polypropviene, nylon, Tetlon®, PTFE, ¢PTFE, TFE, PET, TPE,
PGA, PGLA, or PLA. Other suitable materials known 1o the art of elastic implants may also
be used. In various embodiments, the materials used to form the structural braid 142 and the
occlusive braid 144 can be the same or different. In further embodiments, the materials used
to tform the support 110 can be the same or different from the materials used to form either of

the structure 142 or occlusive 144 braids.

{0048} In some embodiments, the structural braid 142 and/or the occlusive braid 144
can be formed at least in part from a cvlindrical braid of elastic filaments. FIG. S is a side
view of a mandrel 170 and a braided mesh or seif-expanding braid 146 formed over the
mandrel 170 configured in accordance with an embodiment of the present technology. The
braid 146 may be formed over the mandrel 170 using fechnigues known i the art of tubular
braid mamufacturing. The resultant tubular braid 146 formed from any onc of these processes
may then be further shaped using a heat setting process. The braid 146 may be radially
constrained without plastic deformation and can self-expand on release of the radial
constraint. In some embodiments, the thickness of the braid filaments 148 used for forming
the structural braid 142 would be less that about 0.5 mn.  In some embodiments, the
structural braid 142 may be fabricated from wires or filaments 148 having diameters ranging
from about 0.015 mm to about 0.25 mm. In some embodiments, the thickness of the braid
filaroents 148 of the occlusive braid 144 are less that about .25 mm.  In some embodiments,
the occlusive braid 144 may be fabricated from filaments 148 having diameters ranging from
about .01 mm to about .20 mm. The thickness {e.g., diameter) of the braid filaments 148
can be less than about 0.2 mm.  In further embodiments, the structural 142 and/or occlusive
braids 144 can comprisc braids having mixed filament diameters (e.g., thickness). For
example, any braid of the retainer 140 (or the support 110) may be fabricated from filaments

having a plorality of diameters vanging from about 0.015 sy to about 0.15 mmm.

[0644] In some ombodiments, at least the occlusive braid 144 may comprise metal
filaments 148 that are less thrombogenic than commonly used polymeric medical fabrics such
as polyester or Dacron®. In other embodiments at least the outer surface of the support 110
and/or annular flange 150 have filaments 148 that are less thrombogenic. In some
embodiments, the metal filaments 148 may be highly polished or surface treated to

further improve their hemocompatibility, In some cmbodiments, low thrombogenicity may
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provide a clinical advantage of lower thromboembolic risk for the patient after device

implantation.

10050] In vartous arrangements, characteristics of the occlusive braid 144 and/or the
angular flange 150 such as blood occlusion and promotion of tissue ngrowth can be m
influenced by the “pore size” or “weave density” of the material. FIG. 6 is an enlarged view
of a self-expanding braid with interwoven large 149 and small 147 strands configured
accordance with an embodiment of the present technology.  As illustrated in FIG. 6, an
effective pore size 180 is the largest “circle” that will fit within any mdividual cell of the
braid 148. Pore sizes in the range of about 0.025 mm to 2.0 mm may be utilized in some
embodiments. In other embodiments, the pore size 180 may be in the range of about 0.023
mm to about 0.30 mum. In another embodiment, pore sizes can be trom about 0.10 rom to 2.0
mm, and in a further embodiment, pore sizes may be in the range of sbout $.20 mm to about
(.75 mum or from about 0.05 mm to about 0.50 mmy, or from about .10 mm 1o about (.30
mm. In one emwbodiment the structural bratd 142 can have a first pore size and the occlusive
braid 144 can have a second pore size less than the first pore size. For exaraple, the first pore
size, in some embodiments can be about 0.50 mm fo about 2.0 mm and the second pore size
can be about 8.025 {0 about 0.30. Tn some embodiments, the retainer 1440, the occlusive braid
144 or regions of braid forming the annular flange 150 can have braided flaments having

pore densities ranging between 25-75%,.

10051} Referring back to FIG. 2A, the self-expanding retainer 140 can be coupled to, or
in other arrangements, can be integral with the support 118, In one embodiment, the retainer
140 is attached to the support 110 using various suture or other attachment mechanisros
known in the art. Examples of suture materials can inchude polyester, polypropylene, nylon
or other suitable polymeric materiais such as Dacron”, polvester, polypropylene, nylon,
Teflon®, PTFE, ¢PTFE, TFE, PET, TPE, PGA, PGLA, or PLA. The retainer 140 can, in
some embodiments, be a braided cylindrical tube configured to radially encompass or
urround at least a portion of the support 110. In other embodiments, the retainer 140 can
include other shaped structures or strips configured to be attached to porticus the outer
surface 112 of the support 110, In further embodiments, the device 1060 can include a

plurality of retainers 140 coupled to the support 110,

[0052] In some embodiments, the retainer 140 can include one or more layers of braid

148 disposed along the length of the device 100 from the proximal end 115 to the distal end
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117 (FI1G. 3}, or in other embodiments, along a partial length of the device 100 (FIG. ZA) or
jatermittently along the length of the device 100, Tn some embodiments, braid filaments 148
of varving diaraeters may be used in different braids, such as illustrated i FIG. 6. In some
embodiments, braid filaments 148 of varying diameters {(small 147 and large 149 strands) can
be combined in the same braid (such as shown in FIG. 6) or portions of the braid to impart
different characteristics mcluding: stiffness, elasticity, structure, radial force, pore size,
occlusion ability, ete.  In some embodiments, regardless of filament diameter, the braided
filament 148 count for the occlusive braid 144 is greater than 290 filaments per inch. In one
embodiment, the braided filament 148 count for the occlusive braid 144 is between about 360
to about 780 filaments per inch, or in further embodiments between about 150 to about 290
filaments per inch. In onc embodiment, the braided filament 148 count for the structural
braid 142 is between about 72 and about 144 filaments per inch, or in other embodiments
between about 72 and about 162 filaments per inch.  In other embodiments, the braided
filament 148 count for any braid layer in the retainer 140 can be between 48 and 1600
filaments per inch. Or in other embodiments between 96 and 1200 filaments per inch. In
further embodiments, the braided filament count is between 144 and 800 filaments per inch.
In some ernbodiments, the device 100 may include polymer filaments 148 or fabric within the

braid 146 or between layers of braids 142, 144,

[0053] FIG. 7 is an cnlarged cross-sectional side view of select components of an
expandable prosthetic valve device 100 implanted at a native valve annuius A in the heart in
accordance with an embodiment of the present technology. As shown in FIG. 7, the retainer
140 can include the structural braid 142 having sufficient resiliency and strength to provide a
radial force R, in an outward, radial direction (in the direction of arrows Ry} from the
longttudinal axis 103, Further, the structural braid 142 can engage the anmilus A from an
upstream surface (supra-annular surface) and from a downstream surface (sub-annular
surface} and apply a compressive force () against the upstream and downstream surfaces
with the anmular tlanges 150a, 150b, respectively. The radial force Ry, the compressive force
C,, or a comnbination of radial R, and compressive €, forces can function to maintain the
position of the prosthetic valve device 100 at the annulus of the native valve (e.g., mitral
valve, aortic valve, tricuspid valve, pulmonary valve) to be repaired or replaced even under

high blood pressure during systole (e.g., normal contraction of the left ventricle).
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[0654] In one embodiment, the retainer 140 can apply compressive forces C; on the
annutus A or other valve tissues (e.g., leaflets) while not applying a radial force Ry (e.g., the
radial force Ry can be about zero). In another embodiment, the radial force Ry can be
minimal, while the compressive force ; can function to maintain the desired position of the
device 100 at the native valve region. For example, the retainer 140 can provide a
compressive force C; that is greater than the radial force Ry, In some embodiments, the
support 110 can have a cross-sectional dimension less than a corresponding dimension of the
native valve region (e.g., the annulus A} such that any radial force R, applied by the device
100 against the native valve tissue is provided solely by the retainer 140, Thus, the radial
force Ry provided by the retainer 140 and/or the structural braid 142 can be less, or in some
instances greater, than a corresponding radial torce of the support 110 in the expanded

configuration.

{0055] In some cembodiments, the braids 142 and 144 of the flange 150 wmay be
fabricated generally flat at the surfaces contacting the supra-annular and subannular surfaces
of the tissue annulus, or optionally, the flange 150 may be fabricated in a serrated, scalloped
or “wavy washer” fashion at the surfaces contacting the tissue anmulus to increase
compression and torsional stability. The terms “formed”, “preformed” and “fabricated” may
include the use of molds or fools that are designed to impart a shape, geometry, bend, curve,
slit, serration, scallop, void, hole in the elastic, superelastic, or shape memory material or
materials used in the components of the valve 130, including the valve support 110 or annular
flange 150, These molds or tools may impart such features at prescribed teraperatures ot heat

treatments.

[0056] FIGS. 8A and 8B are enlarged cross-sectional views of an expandable prosthetic
valve device 10 shown in a deployed state 101 {e.g., expanded configuration, FIG. B8A) and
i a delivery state 102 (e.g., contracted configuration, FIG, §B) configured 1n accordance
with an embodiment of the present technology. FIG. 8A shows the device 100 having the
expandable structural support 110 shown in an expanded configuration and an artificial valve
130 coupled to an interior portion 119 of the support 110, In one embodiment, the retainer
140 is coupled to the outer surface 112 of the support 110 and comprises a plurality of layers
of self-expanding braided material 146 or mesh. As shown in FIG, A, the retainer 140 can
inchude a plurality of different retainer portions (shown individually as 140a and 140b)

coupled to the outer surface 112, Each retainer portion 140a, 140b is positioned for sclf-
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cxpansion info annular flanges 150a, 150b. While two retainer portions 1403, 140b are
shown in FIG. 8A, one of ordinary skill in the art will recognize that more than two or,
alternatively, a single retainer portion 140 could be coupled to the outer surtace 112 of the
upport 110 and include superclastic and/or shape memory materials preformed or molded to
form a phuality of flanges, such as flanges 1502 and 150b, upon release from radial

consiraint and as shown in FIGS. 2A-3.

{0057] As discussed above, cach retainer portion 140a, 140b can include one or more
structural braids 142 (shown independently in FIG. 8A as 1423 and 142b) and can include
one or more ceclusive braids 144 (shown independently in FIG. 8A as 144a and 144b)
covering and/or surrounding each of the stractural braids 142a, 142 (referred to collectively
as 142). Structural braids 142, as discussed above, can be an elastic, superclastic or othe
shape memory material that self-expands upon deployment of the device 100 to a formed or a
pre-formed configuration. The structural braid 142 can include one or more of a resilient
material, shape memory material, or superelastic material such as nickel-titanium alloys (e.g.
Nitinol), Elgiloy”, stainless steel, or alloys of cobalt-chrome. Materials may also include
polymers such as Dacron”, polyester, polypropylene, nylon, Teflon”, PTFE, oPTFE, TFE,
PET, TPE, PGA, PGLA, or PLA. Additionally, and as discussed with reference to FIG. 7,
the structural braid 142, while being resilient and conformable to surrounding native valve
tissue, can provide radial Ry and/or compressive C, forces against native valve tissue {¢.g., the
anmulus) that prevenis the prosthetic valve device 10 from becoming disiodged from the

anmulus of the native valve during normal ventricular contraction {e.g., systole).

{0058} In the illustrated embodiment, cach retainer portion 140a, 140b can also include
more than one occlusive braids 142a, 142b and/or an occlusive braided tube through which or
under which one or more internal structural braids 142 can be received. In some
embodiments the ocelusive braid 144 can include braided filaments made from a variety of
expandable and/or superclastic materials, such as nickel-titanium allovs (e.g. Niutinol),
Elgtloy, stainless steel, or alloys of cobalt-chrome. Materials may also include polymers such
as Dacron, polvester, polypropylene, nyion, Teflon, PTFE, ¢PTFE, TFE, PET, TPE, PGA,

PGLA, or PLA. Other suitable materials known in the art of elastic implants may be used.

{0059] One of ordinary skill will recognize that other layering arrangemeonts are
possible, for example the structural braid 142 can be a braided tube that is fitted over and

coupled to the support 110, and the occlusive braid 144 can be braided tube configured to fit
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over the structural braid 142, Additionally, structural braids 142 and occlusive braids 144
can be interspersed or arranged in layers ju variety of manners over or around an outer

surface 112 of the support 110

[0660] The self~expanding retaimer 140 can also be retained i a collapsed delivery state
102 (shown in FIG. 8B} such as when the retainer 140 and/or the device 100 is radially
constrained, for example, within a delivery catheter sheath (not shown). In the delivery state
102, the retainer 140 can be clongated, folded or otherwise brought into close proximity to
the outer surface 112 of the support 110, Upon release of the radial constraint, the self-
expanding retainer 140 can self-expand to the deployed state 101 (FIG. 8A). Additionally, in
the cvent that the prosthetic valve device 100 need {o be repositioned, removed and/or
replaced after implantation, the retainer 140 and the support 110 can transition from the
deploved state 101 (FIG. 8A) back to the delivery state 102 (FIG. €B) using a catheter device

or other lateral retaining sheath.

{0061} FIG. 8C s a side view of the expandable prosthetic valve device 100 as
configured in FIG. 8A and FIG. 8D is a side view the expandable prosthetic valve device 100
of FIG. &C implanted at a native aortic valve in the heart in accordance with an embodiment
of the present technology. As shown in FIG. 8C, the device 100 includes a support 110 and a
retainer 140 coupled to the support 110, Tn this embodiment, the retainer 140 expands to the
deploved state having adjacent annular flanges 150a and 1530b, wherem the adjacent annular
flanges are separated by a gap 252 at the intermediate portion 122, and wherein the gap 252 is

smaller than gap 152 as shown in the embodiments of FIGS. 2A-3.

{0062} FIG. 8D shows the device 100 implanted at the native aortic valve and
positioned so that blood leaving the left ventricle can flow through the device 100 i an
upstream to downstream manner, The retainer 140, having flanges 150a and 150b, provides
placement and fixation of the device 100 at the aortic annuhus. In some patients, the aortic
annulus may be minimal i size and/or have congenital abnormalities and/or abnormal
features resulting from disease. For example, the aortic annulus may, in some instances, be
hardened due to calcification and aortic valve stenosis. The annulus and surrounding aortic
valve tissues, inchiding leaflets, may together be engaged by the retainer 140, Accordingly,
the retainer 140 having braids (c.g., structural braid 142 and occhusive braid 144, shown in

FIG. 8A} can provide both stabilizing forces and sealing capabilities {e.g., to inhibit
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paravalvular leaking) to the abnormal shape and features present in g specific patient’s aortic

valve.

{00863} Referring to FIG. 8D, the fully expanded circumference of the prosthetic valve
device 100 and/or the presence or size of the gap 252 (FIG. 8C) at the intermediate portion
122 (shown in FIG. 3} may be selected in some instances to exceed the corresponding
circumference of the native valve tissue, including the annulus and/or leaflets.  Certain
embodiments of devices having a larger circumference than a corresponding circuraference
of a native valve anmulus, may increase the radial force Ry (FIG. 7) of the retainer 140 after
placement and help promote fixation of the device 100 to the annulus, and in some cases
widening of the native tissue, especially in instances of valve narrowing (e.g., aortic valve
stenosis), For exarople, in instances where the native aortic valve is hardened and/or caleified
{e.g., aortic valve stenosis), retainers 140 applying radial force Ry (FIG. 7) to this region in
combination with compression foree C; {e.g., to the annulus or to the native leaflets, shown in
FIG. 7) can assist in promoting proper placement, fixation and retention of the device 100 to
the native aortic valve region. In some embodiments, the maximum expansion of the retainer
140 is controlled to expand to the corresponding dimension of the native valve tissue. Other
embodiments include devices 100 having retainers 140 that only apply compressive force C)
to the native tissue and/or provide roinimal radial force Ry (FIG. 7). Such devices 100 may
be usetful for implantation at the native mitral valve or other valves, including a noncalcified

aortic valve.

{0064} In addition to anmilar flanges and other expansion forces associated with the
expandable prosthetic valve device 100, certain embodiments configured in accordance with
the present technology can include one or more fixation members. Referring back to FIG. 3,
some embodiments of the device 100 can include one or more fixation members 160
contfigured to provide additional fixation of the anmular flange 150a and/or the device 100 to
the native valve ammulus.  Fixation members 160 can include, for example, tines, barbs,
hooks, pins or other anchors known in the art that can provide pressure or penetrating
retention on the native anmulus tissue when the device 100 is positioned n the deployed state
101 at the target valve. FIG. 3 shows a plurality of fixation merabers 160 generally attached
to the upstream portion 115 of the device 100 and extending outward and in a downstream
direction. As shown in FIG. 3, the fixation members 160 can be tines having a length from

about 1 io 8 mm, or in another emnbodiment, about 4 t¢ 6 mam. In one emnbodiment, shown in
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FIG. 3, the fixation members 160 can pierce a first annular tlange 150a and oxtend partially
jnto the gap 152 to apply retention pressure against an annulus when implanted at a native
valve region, or o picrce or penetrate annular fissue to provide further retention of the device
100 to the anmulus A, As illustrated in FIG. 7, the fixation member 160 can be configured to
pass through the first annular flange 150a, picrce the annulus A and pass at least partially
through the second annolar flange 150b. Other embodiments of devices 100, not shown,
could include fixation members that only partially pass through the first annular flange 150a.
Additional embodiments can inclide devices 100 having one ore more fixation members
atfixed to a distal portion 117 of the device 100 and extending outward and in an upstream
direction for passing through the second annular flange 150b and/or piercing the anmulus A at
a subanmular surface. Such subanmular arrangements of fixation members can be usefu! for
maintaining the positioning of mitral valve replacement devices 100 during sysiole (e.g.,
ventricular contraction).  In additional embodiments, fixation members 160 can include
additional expandable wires or filaments, struts, supports, clips, springs, ghues, adhesives or

Vaduuin.

{0065} The fixation members 160 shown in FIG. 3 are generally evenly spaced around
a circumference of the device 100; however, the fixation members 160 could be unevenly
spaced or irregularly spaced around the circumterence, For example, the device 106 can
include fixation members 160 spaced in one or more groups generally aligned with regions of
the native annulus coupled to native leaflets. A prosthetic heart valve device 100 configured
to replace a native mitral valve may have two groups of fixation members 160, for example,
generally aligned on the device 100 s0 as to engage portions of the annulus attached to the
anterior and posterior leaflets. Regions of the annulus retaining leaflets or remnants of
leaflets may be thicker or otherwise have a varied profile with respect to the remainder of the
annulus tissue, and fixation members 160 can be used fo press into, ponetrate or otherwise
grasp tissue in these and/or other arcas during implantation. Alternatively, fixation members
160 can be generally aligned on the device 100 so as to engage other portions of the anmulus
such as adjacent or near the native auterolateral commissure and posteromedial commissure.
In additional embodiments, the device 100 may include a combination of different types of
fixation members 160 disposed circumferentially around the upstream portion 122 or other

portion of the device 100,
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{0068} FIGS. 9A-9B are top views of expandable prosthetic valve devices 100 having a
plurality of fixation members 160 configured in accordance with embodiments of the present
technology.  As shown in FIGS. 3 and SA, the fixation members 160 can be coupled to the
upport 110, tor example at an upstream portion 115, at attachment points 161 and extend
cutwardly in a downstream direction from the attachment points 161, In one embodiment,
the fixation members 160 can pass through at least one laver of braid material 146, such as
the occlusive braid 144, of the annular flange 150 {e.g., the first annular flange 150a) at braid
puncture points 162, In additional arrangements, the fixation members 160 can pass through
one or more braids of the retainer 140 comprising the annular flange 150 (e.g., the first
annular flange 150a). In further embodiments, and as discussed above, the fixation members
160 can have a length and rigidity sufficient to picrce the annular tissue, penctrate through the
annulus A, and/or pass through at least an initial braid (e.g., occlusive braid 144} of the
second flange (not shown). In anocther embodiment, the fixation members 160 can press on
the retainer 140 of the annular flange 150, such as the first annular tlange 150a, to increase
the compressive force C; for engaging the annulus A (FIG. 7). Referring to FIG. 9B, certain
embodiments of prosthetic valve devices 106 can have annolar flanges 136 with preformed
slots 164, slits or holes through one or more curvilinear portions of the flange 150, For
example, the tixation members 160 can pass through the initial braid of the flange 150 (e.g.,
the first annular flange 150a) through the preformed slots 164 {(e.g., slits or holes}
circumferentially disposed in portions of the braid 148 around a circumference of the flange

160 and that are aligned with the fixation members 160.

10067} FIGS. 10A-10L are cross-sectional side views of portions of expandable
prosthetic valve devices 100 m delivery 102 and deployed 101 states configured in
accordance with various embodiments of the present technology. The cross-sectional views
shown in FIGS, 10A-10L show vaniations 10 retainer 140 arrangements and illustrate how the
variable retainers 140 transition from the delivery state 102 {c.g., lincar or contracted
configuration) to the deploved state 101 {(e.g., curvilinear or expanded state}. The various
devices depicted can have a support 110 and one or more retainers 140 coupled to the support
110, The retainers 140 can include interwoven braid layers, such as interwoven structure 142
and oecclusive braids 144, as shown in the embodiments illustrated in FIGS. 10A-10L;
however, it is undersiood that the retainer 140 can include separate braids 142, 144 as well as
a combination of roultiple braids 142, 144 and other materials (e.g., optional fabric or

polymer layer 145, F1G. 4A).
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{0068} FIGS 10A and 10E, for example, show a support 110 having a retainer 140 in a
Iinear/contracted configuration {such as within a catheter sheath, not shown) coupled to the
support 110, and FIGS. 108 and 106J show the retamers 140 in the expanded state (e.g.,
catheter/radial contraction, not shown, removed) having a single flange 150 (FIG. 10B) and
having two flanges 150a and 150b (FIG. 101). Alternatively, and as shown in FIG. 10B, two
or more retainer portions 140a and 140b can be coupled to the support 110, FIG. 10F shows
the two retainer portions 140a and 140b in expanded configurations as annular flanges 150s

and 150b.

[0069] The support 110 can also include one ore more fixation member 160 as
discussed above., FIGS. 10C, 10G and 10K show similar cross-sectional views to FIGS. 104,
1OE and 101, respectively, however, in the embodiments shown in these figures, the support
110 includes the fixation member 166, FIGS, 10D, 10H and 100 show expanded
configurations for the devices 1 illustrated in FIGR. 10C, 10G and 10K, respectively, and
show the fixation mermber pass through or penctrate portions of the expanded annular flange

150 {c.g., flange 150a in FIGS, 10H and 10L)}.

10070} FIGS. H1A-11D are cross-sectional side views of portions of expandable
prosthetic valve devices in delivery 102 and deployed 101 states configured in accordance
with additional embodiments of the present technology. The cross-sectional views shown in
FIGS. 11A-111 show variations in a support 1110 and retainer 140 arrangements and
iHustrate how the variable support 1110 and retainers 140 transition from the delivery 102
{.c.g., lincar or contracted configuration) to the deployed 101 states (e.g., curvilinear or

expanded state).

{0071} As shown, the support 1110 of FIGS. 11A-111 can include a self expanding
braid and/or, i some embodiments, be a component of the retainer 140 such that the
structaral rigidity and resilience appropriate for deploving and anchoring a replacement heart
valve can be provided by the braided support 1110, the retainer 140 or a combination of the
braided support 1110 and retainer 140, In some embodiments, the valve structure 130 (FIGS.
ZA-2CY can be directly coupled to the self-expanding retainer 140 or the braided support
[110 without the posts 120 (FIGS. 2A-2C) or stent-like latticework of the commercially
available percutancous heart valves described above. In any case, the valve structure 130 will

be coliapsible so as to have a profile suitable for percutancous delivery, and be expandable

22



WO 2012/178115 PCT/US2012/043885

with the braided support 1110 and/or retainer 140 for implantation at the native valve

location.

(00672} In some arrangements, the device 100 will not have a separate support 110 but
will have a braided support 1110 (FIGS 11A, 11D and 11G), and the functionality of the
upport 110 described with respect to other cmbodiments {e.g., FIGS. 2A-2C} is provided by
the braided support 1110 and, in some embodiments, by at least a portion of the retainer 140,
The braided support 1110 can transition to a deployed state 101 to provide a single (FIG. 118
and 11E) annular tlange 150 or fo provide nwiltiple (FIG, 11H) annular flanges 150a and
150b. FIGS. 11D and HIE illustrate an example where additional retainers 140 can be
coupled to the braided support 1110 to provide additional curvilinear features to the device
100 in the deployed state 101, FIGS 1C, 1IF and 11F show examples of devices 100 having
a braided support 1110 and an additional fixation member 160 attached to the braided support

1110 and in the deployed state 101,

Additional Embodiments of Prosthetic Valve Device Retainers and Braids

{0673} In some embodiments, the filaments of the braided mesh can be generally in an
axially clongated configuration within a delivery catheter.  In some embodiments, the
filaments are more parallel with the filament braid angle “a” as shown in Fig. 5, e.z., between
about § and 45 degrees with respect to the central longitudinal axis 103 of the device 100, In
some embodiments, the filaroents 148 of any one of the braids 142, 144 of the retainer 140 in
the expanded/deployed configuration 101 (e.g., not within a delivery catheter) are more
perpendicular, for example, with o between about 45 and 90 degrees with respect to the

central longitudinal axis 103 of the device 100,

(00674} In some embodiments, the retainer 140 conforms (o the native valve region
without annular flanges 150 along the central longitudinal axis 103, In such embodiments,
expanded diameters can range from about 20 mm to 60 mm. In other embodiments,
expanded diameters can range from about 25 mm to 35 mm.  In some embodiments, the
diameters of the retainer 140 within the delivery catheter (e.g., in the delivery state 102, FIG.
8B) range from about 1 mum to 10 mm, and in other embodiments, range from about 1.5 mm

to 5 mm.
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[0875] In some embodiments, filler, sealing, bonding agents including hydrogel may be
meorporated into the device 100 components such as the structural braid 142 or occlusive

braid 144 of the retainer 140 to improve neck sealing and/or occlusion.

[0076] For some embodiments, certain braid characteristics can be valuable for a
woven or braided prosthetic valve device 100 that can achieve a desired clinical outcome for
repair or replacement of a native heart valve. For example, it may be desirable, in some
instances, for the device 100 and/or the braided portion 140 to have sutticient radial stiffness
for stability, limited pore size for rapid promotion of hemostasis leading to occlusion, and a
collapsed profile which is small enough to allow insertion through an mnner fumen of a
vascular catheter. A retainer 140 with a radial stiffness below a certain threshold may be
unstable and may be at higher risk of movement or embolization in some cases. Larger pores
between filament intersections in a braided or woven structure may not generate thrombus
and occlusion in an acute sciting and thus may not give a treating physician or health
professional clinical feedback that the flow disruption will lead to a complete and lasting
occlusion of blood flow in areas around the valve structure 130 and/or between the valve
structure 130 and the native valve tissue. Delivery of a device 100 for treatment of a patient’s
vasculature through a standard vascular catheter may be highly desirable to allow access
through the vasculature in the manner that a treating physician is accustomed. The maximum
pore size in a portion of a device 100 (e.g., a retainer 140} that spans the native annulus is
desirable for some embodiments of a device 100 having a retainer 140 for treatment and may
be expressed as a function of the total number of all filaments, filament diameter and the
device diameter. The difference between filament sizes, where two or more filament
diameters or transverse dimensions are used, may be ignored in some cases for devices 100
where the filament size(s) are very small compared to the device dimensions. For a two-
filamnent device, the smallest filament diameter roay be used for the caleulation. Thus, the

maximum pore size for such embodiments may be expressed as follows:
Pmax = (1.7/NTYpD - (NTdw /2
where Pmax is the average pore size,
D is the Device diameter (iransverse dimension},
NT 1s the total number of all filaments, and

dw is the diameter of the flaments (smallest) in inches.

24



WO 2012/178115 PCT/US2012/043885

[0677] Using this expression, the maximum pore size, Pmax of the of one or more
braids (e.g., braids 142, 144) of the retainer 140 may be less than about 0.016 inches or about
400 microns for some embodirents. In some embodiments the maximurn pore size of one or

more braids of the retainer 140 may be less than about 0.012 inches or about 300 microns,

10078} The collapsed profile of a two-filament {profile having two different filament
diameters) braided filament layer {e.g., structural braid 142 or occlusive braid 144) may be

expressed as the function:
P, = 148 (N + Nyd, ' '
where Pc is the collapsed profile of the braid,
Nl is the number of large filaments,
Ng is the number of small filaments,
dl is the diameter of the large filaments in inches, and

ds 1s the digmeter of the small filaments in inches.

[0679] Using this expression, the collapsed profile Pe may be less than about 1.0 mm
for some embodiments of a braid such as the occlusive braid 144, In some embodiments, the
device 140 may be constructed so as to have a braid with both factors (Pmax and P¢)
deseribed above within the ranges descrobed; Pmax less than about 300 microns and P less
than about 1.0 mm. In some such embodiments, the braid may include about 70 filaments to
about 300 filaments. In some cases, the filaments may have an outer transverse dimension or

diameter of about §.0005 mches to about 3.012 inches.

{0080} In some embodiments, a combination of small and large filarsent sizes may be
utilized to make a device with a desired radial compliance and vet have a collapsed profile
which is configured to fit through an inner lumen of commonly used vascular catheters. A
device fabricated with even a small number of relatively large filaments can provide reduced
radial compliance {or increased stitfness) compared to a device made with all small filaments.
Even a relatively small number of larger filaments may provide a substantial increase in
bending stitfness due to change in the moment of inertia that results from an increase in
diameter without increasing the total cross sectional area of the filaments. The momeunt of

mertia (1) of a round wire or filament may be defined by the equation:

1= qnd*
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where d is the diameter of the wire or filament.

f0081] Since the moment of inertia is a function of filament diameter to the fourth
power, a small change in the diameter greatly increases the moment of inertia. Thus, a small
change in filament size can have substantial impact on the defiection at a given load and thus

the compliance of the device 100,

10082} Thus, the stiffness can be increased by a significant amount without a large
increase in the cross-sectional area of a collapsed profile of the device 110 (shown i FIG.
6E}). As such, sorae embodiments of devices for treatment of a patient's vasculature may be
formed using a combination of filaments with a number of different diameters such as 2, 3, 4,
5 or more different diameters or transverse dimensions. In device embodiments where
filaments with two different diameters are used, some larger filament erobodiments may have
a transverse dimension of about 0.004 inches to about 0.012 inches and some small filament
embodiments may have a transverse dimension or diameter of about 6.0005 inches and about
(.003 inches. The ratio of the number of large filaments to the number of small filaments may
be between about 4 and 16 and may also be between about 6 and 10, In some embodiments,
the ditference in diameter or transverse dimension between the larger and smaller filaments
may be, in some embodiments, less than about 0.008 inches, in other embodiments, fess than

about 0.008 inches, and in {urther embodiments, less than about $.003 inches.

(0683} For some embodiments, it may be desirable to use filaments having two or more
different diameters or transverse dimensions to form a permeable shell in order to produce a
desired configuration (e.g., an annular flange 250} as discussed in more detail below. The
radial stiffness of a two-filament (two different diameters) braid {e.g., stroctural braid 142}

may be expressed as a function of the number of filaments and their diaroeters, as follows:
Spaain = (1.2x 10° Ibf/ £ YN + N.dH
where Spqia 8 the radial stiffness in pounds force {Ibf),
D is the Device diameter (transverse dimension),
Ni is the number of large filaments,
N; 18 the number of small filaments,
dy 1s the diameter of the large filaments in inches, and

d, is the diameter of the small filaments in inches.
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[0084] Using this expression, the radial stiffness, 5,4, may be between about 0.014

and §.284 b force for some embodiments.

10085] In some embodiments, the radial stiffness near the proximal and distal ends 114,
116 as well as the intermediate portion 122 may be substantially greater than the radial
stiffness of the regions encompassing the annular flanges 150a, 150b. Thus, the annular
flanges 150a, 150b may be much more compliant than the proximal and distal ends 114, 116
and/or infermediate portion 122 allowing these flange regions to conform to anatomical
variation at and around the annulus. Greater compliance may provide improved surface arca
contact and resistance to movement. In some embodiments, the radial stiffness of the
fntermediate portion 122 and/or near proximal and distal ends 114, 116 may be between
about 1.5X and 5X the radial stitfness of the regions encompassing the annular flanges 150a,

150b.

Further Embodiments of Prosthetic Valve Devices

[0688] FIG. 12A is a side view of an expandable prosthetic valve device 200 showing a
self~expanding braid 246 transitioning from a delivery state to a deployed state and
configured in accordance with an additional embodiment of the present fechnology. FIG.
128 is an enlarged cross-sectional side view of an expandable prosthetic valve device 200
shown in the delivery state 201 and resulting from the transition step illustrated in FIG. 12A.
Referring to FIGS, 12A-12B together, the prosthetic device 200 meludes features generally
similar to the features of the prosthetic device 100 described above with respect to FIGS. 2A-
1L For example, the device 200 can include the support 110 and have the retainer 140
coupled to the support 110, However, in the embodiment shown m FIGS. 12A-12C, the
braids (e.g., structural 142 and occlusive 144 braids) evert and roll in an inside-out fashion to

form circular, rolled {(c.g.,. toroidal} annular flanges 250a, 250b (shown in FIG. 12B).

10087} As shown in FIG. 124, the retainer portions (shown independently in FIG. 12A
as 140a and 140b) can include a plurality of stacked fivst and second retainer portions 140a,
[40b coupled to the support 110 at attachment sites 141a and i41lb on upstream and
downstrcam portions 115, 117 of the support 110, respectively, During the transition from
delivery to deployment states, the first retainer portion 140a can be released from restraint
and roll back onto itself in an mside-out fashion to form the rolled toroidal-shaped annular

flange 250a at the upstream portion 115 of the support 110 (shown in dotted lines in FIG.
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I2A). Once the first retainer portion 140a transitions to the expanded contiguration, the
second retainer portion 140b, retained under the first retainer portion 140a, is released and
can roll back onto iself in an inside-out fashion to form the rolled toroidal-shaped annular
flange 250b at the downstream portion 117 of the support 110 (shown in FIG. 12B). Inone
embodiment, the first and second retainer portions 140a, 140b can evert to form single
layered toroidal annular flanges 250a, 250b as shown in FIG. 12B. Aliemnatively, the first
and second retainer portions 140a, 140b can evert in a tighter or more corpact rolled manner

to form multilayered toroidal annular flanges 250a, 250b {(not shown).

{0088} In another embodiment, FIG, 12C shows a device 200 having an elongated
retainer 240 that surrounds the outer surface 112 of the support 110 and extends beyond a
length of the support 110 such that, upon deployment, the elongated sections of the clongated
retainer 240 evert from proximal and distal ends 441 and 443 and roll in an inside-out fashion
(in a roll direction opposite from the roll direction shown in FIGS. 12A-12B} o form toroidal

annular flanges 250a and 250b.

{0089} FIG. 12D is a cross-sectional side view of the prosthetic valve device 200 of
FIG. 12C implanted at a native mitral valve in the heart in accordance with an embodiment of
the present technology. As shown, the toroidal annular flanges 250a, 250b can position
around and against the native annulus A, thercby providing both radial and compressive
forces against the native annulus A, The toroidal anmular flanges 250a, 250b have a cross-
sectional dimension Dy (shown in FIG. 12C) greater than a corresponding dimension Dy
{shown mn FIG. 12D} of the native valve region. As such, when the device 200 is positioned
and expanded at the annulus A (¢.g., during deployment), the annular flanges 250a, 250b will
compress inwardly from the original circular shape and expand around the shape of the native
annufus. In so doing, the toroidal annular flanges 250a, 230b can form at tight coupling at the

native annulus A, and form a scal between the support 110 and the native tissue.

[0090] While the device 200 is shown fmplanted at a native mitral valve i the heart, it
will be understood that any of the devices 100, 200 described hercin can be configured and
deploved at the native aortic vaive or other heart valves (e.g., tricuspid, pulmonary). Indeed,
the native aortic valve annulos and surrounding tissue can, ju certain disease states, provide
difficult, hard {or soft) and uneven surfaces to engage with conventional valve replacerent

devices and stents. The devices, 100, 200 described herein, in certain embodiments, can
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provide anmular flanges 150, 250 and other retainers 140 and features for cngaging uneven,

hard {e.g., calcitied), soft and nou-circular shaped native valve tissue.

{0091} For example, in addition to those retaiuing features {c.g., annudar flanges 150,
toroidal annular flanges 250) described above, FIGS. 13A-13F show enlarged cross-sectional
views of expandable prosthetic valve devices 300 having variations in the shape and
configuration of the annular flanges and/or other retainers configured in accordance with
additional embodiments of the present fechunology. For example, FIG, 13A shows a device
300 having a single annular flange 350 having a U-shaped dip 352 coupled to the support
110, In another embodiment, FIG. 13B shows a device 300 having a braided outer surface
112 of the support 110, Additionally, FIG. 138 shows the device 300 having an elongated
retainer 440, similar to device 200 shown m FIGS. 12C-12D, that surrounds the outer surface
112 of the support 110 and extends beyond a length of the support 110 such that, upon
deplovment, the elongated sections of the clongated retamer 440 evert from proximal and
distal ends 441 and 443 and roll in an inside-out fashion {(in a roll direction opposite from the
roll direction shown in FIGS. 12A-12B) to form toroidal annular flanges 450, FIGS 13C and
13D show devices 300 having singular annular flanges 550 configured to engage the supra-
annular surface (FIG. 13C) or the subanmular surface (FIG. 13D), respectively. FIG. 13E
shows a device 300 having a single anmular flange 650 having upstrear 652 and downstream
652 arms for engaging the supra-annular and subanmnular surfaces, respectively. FIG. 13F
shows a device 300 having a plurality of looped flanges 750 along the outer surface 112 of
the support 118, The devices 300 llustrated in FIGS. 13A-13F are only selected examples,
and one of ordinary skill in the art will recognize that devices 100, 200, and 300 can be
formed with multiple arrangements and configurations of retainers, flanges, fixation

members, shapes, sizes, valve structures and other components associated with such devices.

[0092] Optionally, and in other embodiments, the valve structure 130, support 110 or
the retainer 140 may be constructed to provide the clution or delivery of one or more
beneficial drug{s) and/or other bioactive substances into the blood or the surrounding tissue.
For example, the device 100 may be coated with various polymers to enhance its
performance, fixation and/or biocompatibility.  Additionally, the device 100 may incorporate
cells and/or other biologic material to promote sealing, reduction of paravalvular leak or

healing.
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[0693] In any of the embodiments described herein, the device 100 may include an
autiplatelet agent, including but not limited to aspirin, glycoprotein Ib/IHa receptor inhibitors
(inchiding, abciximab, eptifibatide, tirofiban, lamifiban, fradatiban, cromafiban, toxifiban,
XV454, lefradafiban, kierval, lotrafiban, orbofiban, and xemilofiban}, dipyridamole, apo-
dipyridamaole, persantine, prostacyclin, ticlopidine, clopidogrel, cromatiban, cilostazol, and
nitric oxide. In additional variations, the device 100 may include an anticoagulant such as
heparin, low molecular weight heparin, hirudin, wartarin, bivalirudin, hirudin, argatroban,
forskolin, ximelagatran, vapiprost, prostacyclin and prostacyclin analogues, dextran,
synthetic antithrombin, Vasothix, argatroban, efegatran, tick anticoagulant peptide, Ppack,

HMG-CoA reductase inhibitors, and throrboxane A2 receptor mhibitors.

Selected Svstems and Methods for Delivery and Implantation of Artificial Heart Valve
Devices

{0034} FIG. 8B shows the prosthetic valve device 100 in a delivery state 102 in which it
can have a narrow overall profile in the collapsed configuration fo be received through an
inner lumen of a vascular catheter, To pass through an access site introducer, the delivery
catheter diameter containing the collapsed prosthetic valve can be between 6 Fr. and 26 Fr.
and, 1n some embodiments, between 10 Fr and 24 Fr, and in other embodiments between 20
Fr. and 26 Fr. In yet further embodiments, the delivery catheter diaraeter can be between 16
Fr and 24 Fr. In one embodiment the delivery catheter diameter can be 18 Fr, or in another

embodiment, 24 Fr.

{00395} FIG. 14 lustrates a prosthetic valve device delivery system 1000 in accordance
with an embodiment of the present technology. The system 1000 can include a prosthetic
valve device 100, which can be any of the prosthetic valve device {e.g., device 100, 200 or
300 described herein, and a percutanecus heart valve delivery catheter 1610 configured to
retain the device 100 in a delivery state 101 {e.g., collapsed configuration}). In some
embodiments, the delivery catheter 1010 may include a deplovment handle 1020 with
attached sheath 1025 and delivery sheath assembly 1030 containing the device 100 in a
comptressed arrangement over a catheter shaft 1040, The shaft may be hollow over all or any
portion of its length to cooperate and follow a guidewire 1050, Actuating the deployment
handle 1020 causes the sheath 1025 to be proximally retracted from the prosthetic valve

device 100 and positioned in the valve anmulus.
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{0696} The precise positioning of the device 100 for native valve repair or replacement
is wmportant, particularly with respect to securing and maintaining the device 100 at the
native anmulus, Further, a device 100 that protrudes too far into the left atrium may cause a
number of problems, including: disruption of atnial flow, reduction in atrial volume, high
shear forces, promotion of thrombus formation, promotion of emboli formation, tissue
erosion, etc. A device 100 that is positioned too far into the left ventricle may cause a
number of problems, including: disruption of veniricle confraction, occlusion of the left
veniricular outflow tract, promotion of thrombus formation, promotion of emboli formation,

etc.

{0097} In some embodiments, radiopaque markers 1060 may be incorporated on the
sheath 1035 and/or the shaft 1040 of the catheter 1010 at or otherwise tlanking the delivery
sheath assembly 1030 to assist in providing guidance on placement of the delivery sheath
assembly 1030 before deployment of the device 100 (FIG. 14). Additionally, other
radiopaque markers, not shown, may be incorporated info the annular flange 150 and/or the
support 110 to help provide additional visibility under image guidance such as fluoroscopy,
x-ray, and MRI. Marker materials may include: tungsten, tantalum, platinum, palladium,

gold, iridium or other suitable materials.

{0048} Various methods known in the art for transcatheter delivery of devices,
including artificial heart valve devices, can be used to deliver and employ the prosthetic valve
devices described herein.  Percutancous delivery of devices to the mitral valve, or other
atrioventricular valve can be accomplished by accessing the heart through a minimally
invasive procedure of accessing a patient’s vasculature through the skin 1 a location remote
from the heart. Percutancous access to remote vasculature is known in the art and several
approaches to a target heart valve can be used using these techniques. For example, an
approach to a roitral valve can be antegrade.  An antegrade approach can include, for
example, creating an cndoluminal entry point i a femoral vein, iliac vein or right jugular
vein of a patient. A guidewire may be infroduced into the patient through the endoluminal
entry point and advanced through the circulatory system, eventually arviving at the heart,
Upon arriving at the heart, the guidewire is directed into the right atrium of the heart,
traverses the right atrium via an atrial septum puncture, and enters the left atrium. The
guidewire may then be advanced through the mitral valve while the heart is in diastole to the

foft ventricie.
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{0699} Alternatively, approach to the mitral valve can be retrograde where the mitral
valve may be accessed by an approach from the aortic arch, across the aortic valve, and juto
the left ventricle below the mitral valve with a guidewire. The aortic arch may be accessed a
femoral artery access route, or via the brachial artery, axillary artery, or a radial or carotid

artery. Use of the retrograde approach can eliminate the need for a trans-septal puncture.

fO0100] A third approach to a mitral valve can include trans-apical puncture. In this
approach, access to the heart is gained via thoracic incision, which can be a conventional
open thoracotomy or sternotomy, or a smaller intercostal or sub-xyphoid incision or puncture.
An access canmula is then placed through a puncture, sealed by a purse-string suture or other
surgical technique, in the wall of the left ventricle near the apex of the heart. The catheters
and prosthetic valve devices disclosed herein may then be introduced into the left ventricle

through this access cannula,

f008101]  Once percutancous access is achieved, the mterventional tools and supporting
catheter (s) may be advanced to the heart intravascularly and positioned adjacent the target
cardiac valve in a variety of manners, as described and known in the art. For example, once
the guidewire is positioned, the endoluminal entry port is dilated to permit entry of a delivery
catheter through the vasculature and along the guidewire path. In some instances, a

protective sheath may be advanced in the venous area to protect the vascular structure.

[06102] Afier a guidewire is positioned by method briefly described above, an ntroducer
can be advanced over the guidewire into the left atrium. A delivery catheter is inserted
through the introducer. The valve is retained in a collapsed state in the distal end of the
delivery catheter and advanced through the introducer. In some embodiments, the mtroducer
may be formed with a tapered distal end portion to assist in navigation through the chordae
tendimeae or a flexible or removable dilator may used. The delivery catheter likewise can
have a tapered distal end portion. The introducer can then be retracted relative to the delivery
catheter to advance the valve assembly from the introducer, therchy allowing the entire
assembly to expand to its functional size in an appropriate position for engagement of the

device to the annulus. The introducer and catheter can then be withdrawn from the patient.

f008103]  Additional methods for delivering a placing an expandable prosthetic valve
device are further described below with respect to FIGS, 15-16J. FIG. 15 is a schematic

iHustration of a cross-sectional view of a heart showing a guidewire 1050 traveling along a
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guidewire path through the heart in accordance with an embodiment of the present
technology.  In one embodiment, a method for delivering and placing an expandable
prosthetic valve device can nclude introducing a first guidewire through a first guidewire
path. The first guidewire path can inchude passing the guidewire through the right femoral
vein through to the inferior vena cava and into the right atrium.  Optionally, the first
guidewire can be introdoced through the right jugular vein imto the superior vena cava and
into the right atvium, The guidewire can transverse the inferatrial septum via a puncture and
enter the left atrium. The first guidewire can then pass through the mitral valve into the feft
veutricle. The method can further inchude introducing a second guidewire through a second
guidewire path different from the first guidewire path. The second guidewire path can
include passing the guidewire through the femoral artery to the aorta and across the aortic

valve into the left ventricle,

100104] The first guidewire can have a first distal end and the second guidewire can have
a second distal end, and the method can further include connecting the first distal end to the
second distal ond within the left ventricle {or other target chamber along the first or second
guidewire paths) using an attachment mechanism coupled one or both of the first or second
distal ends of the guidewires. Examples of attachment mechanisms can include a grasper,
basket, snare, loop, hook, barb, magnet, brush, screw, corkscrew, latch, balloon or othe

uitable attachment components suitable in the art for connecting two separate cnds of
guidewires to each other. FIGS. 16A-16F illustrate embodimenis of various attachment
mechanisms suitable for coupling a first distal end 1052a of a first goidewire 1050a to a
second distal end 1052b of a second guidewire 1050b, for example, within a target chamber
of a heart. For example, FIGS. 16A and 168 show magnets 1070 located at cach of the distal
ends 10524, 1052h that can be vsed to connect the distal ends 1052a, 1052b together to create
a single guidewire 1052 spamning both of the first and sccond guidewire paths discussed
above. In another embodiment, FIGS. 16C and 16D show hooks 1072 at cach of the distal
ends 1052a, 1052b. In a further embodiment, FIGS. 16E and 16F show a loop 1074 coupled
to the first distal end 1052 of the first guidewire 1050a and the hook 1072 coupled to the

second distal end 1052b of the second guidewire 1050b.

f00105]  In somc embodiments, after attaching the first and second guidewires using one
or more attachment mechanisms, the first guidewire could be guided through the second

guidewire path using a combination of actions such as pulling on the second guidewire and

a2
a2
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pushing the first guidewire so that a single guidewire traverses both the first and second
guidewire paths. In another embodiment, the second guidewire could be pulled (and pushed)

through the first guidewire path in a similar manner,

[00106]  In another embodiment, one of the first or second guidewires can be exchanged
for a catheter designed to couple to the remaining guidewire in the target chamber, For
example, a catheter having an attachment mechanism on a distal end of the catheter can
replace the second guidewire along the second guidewire path. The attachment mechanism at
the distal end of the catheter can be used to couple the first distal end of the first guidewire
and pull the first guidewire along the sccond guidewire path. FIGS. 16G-16) illustrate
embodiments of various attachment mechanisms suitable for coupling the first distal end
1052a of the tirst guidewire 1050a to a catheter distal end 1014 of a catheter 1012, for
example, within a target chamber of a heart. For example, FIGS. 16G and 16H show a
grasper 1076 in a retracted position (FIG. 16G) and in a an advanced position (FIG. 16H)
suitable for grasping or retaining the first distal end 1052a of the first guidewire 1050a. In
another embodiment, FIG. 161 shows a snare cage 1080 at the catheter distal end 1014
suitable to snare a spherical member 1078 coupled to the first distal end 1052a of the first
guidewire 1050a. In a further embodiment, FIG. 167 shows a braided member 1084 at the
catheter distal end 1014 suitable to snarc barbs 1082 or hooks formed at the first distal end

1052a of the first guidewire 1050a.

[00107] Once a single guidewire travels through both the first and second guidewire
paths, a delivery catheter, such as dehivery catheter 1010 shown i FIG. 14, housing a
prosthetic valve device can be guided over the remaining guidewire o the native valve of
interest {c.g., mifral valve, aortic valve), With a single guidewire traveling through the first
and second paths, the delivery catheter can be positioned along the guidewire path using a
combination of actions such as pulling on the guidewire so that the distal end of the delivery
catheter is pulled nto position at the native valve of interest along with pushing the catheter
into place. In one embodiment, the catheter can be pulled and pushed through the aortic
valve and turned within the left ventricle to approach the downstream or ventricular side of
the mitral valve in an atraumatic manner (e.g., without unintentional damage to the aortic
valve). Accordingly, the method described can also provide a physician or operator with
improved control and placement of the valve assembly during delivery and deployment.

Further, the method could enable femoral delivery of a prosthetic heart valve normally
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difficult to navigate along the second guidewire path. If the delivery catheter fravels along
the second guidewire path as described above, only the first guidewire need travel through
the transeptal puncture. Accordingly, the diareter of the transeptal puncture between the left

and right atrium could be reduced in such procedures.

[00108]  Following delivery, placement and deployment of a prosthetic heart valve
device at the desired valve location along the first or second guidewire paths, the delivery
catheter and remaining guidewire can be removed from the heart and out of the body of the

patient,

Conclusion

f00108]  The above detailed descriptions of embodiments of the technology are not
intended to be exhaustive or to limit the technology to the precise form disclosed above.
Although specific embodiments of, and examples for, the technology are described above for
iHustrative purposes, various equivalent modifications are possible within the scope of the
technology, as those skilled in the relevant art will recognize. For example, while steps are
presented m a given order, alternative embodiments may perform steps in a ditferent order.
The various cmbodiments described herein may also be combined to provide further

embodiments,

[00110] From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of lustration, but well-known structures
and functions have not been shown or described in detail to avoid unnecessarily obscuring the
description of the embodiments of the technology. Where the context permits, singular or

plural terms may also include the plural or singular term, respectively.

[06111] Moreover, unless the word "or" is expressly limited to mean only a single item
exclusive from the other items n reference to a list of two or more ifems, then the use of "or®
in such a list is to be interpreted as including (a) any single item in the list, (b} ali of the items
in the list, or (¢} any combination of the items in the list. Additionally, the term "comprising”
ts used throughout to mean including at least the recited feature(s) such that any greater
aumber of the same feature and/or additional types of other features are not precluded. Tt will
also be appreciated that specific embodiments have been described herein for purposes of

ithustration, but that various modifications may be made without deviating from the

(8]
N
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technology,  Further, while advantages associated with certain embodiments of the
technology have been described in the context of those embodiments, other embodiments
may also exhibit such advantages, and not all embodiments need necessarily exhibit such
advantages to fall within the scope of the technology. Accordingly, the disclosure and
associated technology can encompass other embodiments not expressly shown or described

herein.
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CLAIMS

/We claing

1. An expandable prosthetic valve device for implantation at a native valve
region of a heart, the device comprising:

a radially-expandable support having an expandable cuter wall and a lumen defined
by the outer wall;

a valve in the fumen and coupled to the support; and

a self-expanding retainer coupled to the outer wall of the support, the retamer
inclading —

a structural braid configured to form a first annular flange on the outer wall of the
support when the device is in a deployed configuration; and

an occlusive braid configured to reduce blood flow through the braid.

2. The device of claim 1, wherein the structural braid is configured to form a
second annular flange, the second annular flange separated from the first annular flange by a
gap, and wherein the gap is configured to receive an annulus at the native valve region.

3. The device of claim 2, wherein the first and second annular tlanges provide a

compressive force against the annulus,

4, The device of claim 1, wherein the ceclusive braid is a first ccclusive braid

and wherein the self-expanding braid includes a second occlusive braid.

5. The device of claim 4, wherein the structural braid is between the first and

second occlusive braids.

6. The device of claim 1, wherein the structural braid and the occlusive braid are

nterwoven.

7. The device of claim 1, wherein the structural braid 1s coupled to the support,

and wherein the structural braid is between the support and the occlusive braid.
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8. The device of claim 1, wherein the structural braid provides a radial force

againat the native valve region.

g. The device of claim 1, wherein the support has a central longitudinal axis and
a first radial force in an outward, radial direction from the longitudinal axis, and wherein the
retainer has a second radial force in an outward, radial direction from the longitudinal axis,

and wherein the second radial force is less than the first radial force.

16, The device of claim 9, wherein the second radial force is about zero.

i1 The device of claim i, wherein the anmular flange has a first diameter, and

wherein the native valve region has a second diameter less than the first diameter.

12, The device of claim 1, wherein the native valve region is a mitral valve

annulus and wherein the anmular flange s configured to engage the mitral valve annulus.

13, The device of claim 1, wherein the native valve region is an aortic valve

annulus and wherein the annular flange is configured to engage the aortic valve anmulus,

14, The device of claim 1, wherein the native valve region is a tricuspid valve or a

pulmonary valve,

15. The device of claim 1, wherein the retainer includes nitinol.
16,  The device of claim 1, wherein the support is self-expanding.
17. The device of claim 1, wherein the retamer includes at least one of nickel-

. . . ) - ®
titanium alloy, stainless steel, cobalt chrome alloy, Dacron”, polyester, polypropylene, nylon,

Teflon®, PTFE, ePTFE, TFE, PET, TPE, PGA, PGLA, or PLA.

i8.  The device of claim 1, wherein the annular flange is a toroidal voll of the

structural braid.
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19. The device of claim 18, wherein the toroidal roll inchudes the occlusive braid.

20. The device of claim | forther comprising a plarality of fixation members
disposed around a circumference of the support, wherein the individual fixation members are

configured to engage the annular tlange and the native valve region.

21 A percutancous heart valve prosthesis, comprising:

a c¢vlindrical support having an inner portion configured to receive a valve structure;
and

a self-expanding braid surrounding at least a portion of an outer surface of the
support, wherein the pore size of the braid is between about 0.05 mm and

about 0.50 mm.

22. The device of claim 21, wherein the pore size is between about .10 mum and

about .30 mm.

23, The device of claim 21, wherein the braid is configured fo provide a barrier to

blood tlow around the outer surface when the device is tmplanted at a native valve region.
24, The device of claim 21, wherein the braid is configured to expand to a pre-
formed curvilinear shape, and wherein the shape mcludes an annular flange for engaging a

native annulus in g heart.

25. The device of claim 21 further comprising a fixation member coupled to the

ouder surface of the support.

26, The device of claim 23, wherein the fixation member is one of a tine, barb,

hook or pin.

27.  The device of claim 21, wherein the support includes a superelastic material.

28. The device of claim 21, whercin the scif-cxpanding braid includes a

superelastic material,
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29. The device of claim 21, wherein the braid inchudes filaments having an outer

fransverse dimension of about 0.0003 mches to about 0.612 inches.

30,  The device of claim 21, wherein the braid includes filaments having a

diameter of about 8.004 inches to about 8.012 inches.

31, The device of claim 21, wherein the braid inclodes filaments having a

diameter of about §.0005 inches to about §.003 inches.

32, An artificial heart valve device, comprising:

a self-expanding structural braid configured to self-expand from a linear contracted
configuration io an cxpanded configuration, the expanded coufiguration
having a first annular flange, wherein the self-expanding structural braid has a
first pore size;

a valve structure retained within a portion of the structural braid; and

an occlusive braid over the self expanding structural braid, wherein the occlusive

braid has a second pore size less than the first pore size.

33, The device of claim 32, wherein the structural braid includes filaments having

a diameter of about 0.015 mm to gbout 0.25 mm.

34, The device of claim 32, wherein the structural braid includes filaments of

varying diameters.

35, The device of claim 32, wherein the occlusive braid tnchides filaments having

a digmeter of about .01 mm to about 8.20 mm.

36. The device of claim 32, wherein the occlusive braid is formed from filaments

having a diameter less than about 0.25 mm.
37. The device of clain: 32, wherein the structural braid includes filaments having

a diameter of about .004 inches #o about 0.012 inches, and wherein the ocelusive braid

includes filaments having a diameter of about 0.0005 inches to about 6.003 inches.
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38. The device of claim 32, wherein the occlusive braid is configured to promote

tissue ingrowth.

39, The device of claim 32, wherein at least one of the structural braid and the

occlusive braid include a biocompatible coating comprising a therapeutic drug.

40.  The device of claim 32 further comprising a coating on at least one of the
structural braid and the occlusive braid, the coating comprising one or more of a drug, a

bioactive composition, and a polymer.

41. The device of claim 40, wherein the coating comprises a drug, and wherein the
3 for) facbd
drug is selected from the group of an antiplatelet agent and an anticoagulant agent.
42, The device of claim 32 further comprising a coating on at least one of the
&

structural braid and the occlusive braid, the coating comprising a bonding agent.

43, The device of claim 32, wherein the valve structure has a diameter of about 23

mom to about 33 oum.

44, The device of claim 32, wherein the structural braid has a braided filament

count of about 72 to about 162 filaments per inch.

45, The device of claim 32, wheremn the occlusive braid has a braided filament

count of about 360 to about 780 tilaments per inch.

46. A method for replacing a native valve of a patient, the native valve having an
annulus, the method comprising:
positioning a prosthetic heart valve device in a contracted configuration within the
native valve and adjacent to the annulus;
expanding an expandable support having 8 valve structure within the annulus; and
cleasing a self-cxpandable retainer to self-expand into a space between the support
and the annulus, wherein the retainer includes a braid for providing a barrier to

blood flow between the annulus and the expandable support.
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47. The method of claim 46, wherein the retainer has a first annular flange and a
second anmudar flange, and wherein the first annular flange is positioned to engage a supra-
annular surface on the annulus and the second anuular flange is positioned fo engage a

ubannular surface of the annulus

48. The method of claim 46, wherein expanding the expandable support includes

expanding the support with a balloon.

49, The method of claim 46, wherein expanding the expandable support includes
retracting a delivery catheter from the support and allowing the support to self-expand to a

preformed position and shape.

50, The method of claim 46, wherein the braid is an occlusive braid having a pore

size of about .10 mm to about 8.30 mm

51. The method of claim 46, wherein the native valve is a mitral valve.
52, The method of claim 46, wherein the native valve is an aortic valve.
53. The method of claim 46, wherein the device is retained in a delivery catheter

and the retainer 18 in a linear confirmation, and wherein releasing comprises retracting a
sheath relative to the retainer wherein the retainer self-expands to a preformed curvilincar

confirmation.
54, The method of claim 46, wherein the valve structure is configured to allow
blood to flow from a left atrium to a left veniricle and to inhibit blood flow from the left

ventricle to the left atrium.

55, The method of claim 54, wherein the braid inhibiis blood flow between the left

atriurn and the left ventricle m a space between the annulus and the expandable support,

56, The method of claim 46 further comprising releasing the device from a

delivery catheter and removing the catheter from the patient,
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57. The method of claim 46 further comprising implanting a fixation member into

the annulus.

58, The method of claim 46, wherein the braid has a braided filament count of

about 360 to about 780 filaments per inch.

59 The method of claim 46, wherein the retainer applies a radial force to at least a

portion of the annulus.

60. The method of claim 46, wherein the retaimer applies a compressive force

against the anmilus.

61, The method of claim 59, wherein the retamer applies a compressive force

against the annulus, and wherein the compressive force is greater than the radial force.

62. A system to treat a native valve of a patient, the system comprising:
a prosthetic valve deviee having a self-expanding retainer coupled to an outer wall of
a support, the retainer inchiding —

a structural braid configured to self-expand to form a first annular
flange on the outer wall of the support when the device isina
deployed configuration; and

an occlusive braid configured to reduce blood flow through the braid;
and

a delivery catheter having a lumen configured to retain the device in a delivery
configuration, the delivery configuration having a lower profile than the

deployed configuration.

63.  The system of claim 62, wherein the occlusive braid has a pore size between

about 0.10 nuw and about 0.30 num.

64, The system of claim 62, wherein the occlusive braid is formed from filamenis

having a diameter less than about 0.25 rom.
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65, The system of claim 62, wherein the occhisive braid has a braided filament

count of about 360 to about 780 filameunts per inch.

66, A method for delivering and placing an expandable prosthetic valve device,
the method comprising:
introducing a first guidewire having a first distal end through a first path through a
heart to a target chamber; and
miroducing a second guidewire having a second distal end through a second path
through the heart to the target chamber, the second path different than the first

path.

67.  The method of claim 66, wherein infroducing a fivst guidewire having a first
distal end through a first path includes —
passing the first guidewire from a right fomoral vein o an inferior vena cava and into
a right atriony
puncturing a septum between the right atrium and a left atrium; and
passing the first guidewire across the septum into the left atrium and through a mitral

valve {0 a left ventricle of the heart.

68, The method of claim 66, wherein introducing a second guidewire having a
second distal end through a second path includes passing the second guidewire from a

femnoral artery to an aorta and through an aortic valve into the left ventricle.

69, The method of claim 66, wherein the target chamber is a left ventricle,

70. The method of claim 66 further comprising connecting the first distal end to

the second distal end.

7i The method of claim 70, wheremn at least one of the first distal end and the
second distal end includes an attachment mechanism, and wherein connecting the first distal
end to the second distal end further comprises coupling the first and second distal ends with

the attachment mechanmism.
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72. The method of claim 71, wherein the attachment mechanism includes a

grasper, basket, snare, foop, hook, barb, magnet, brush, screw, corkscrew, laich, or balloon,

73. The method of claim 66 further comprising pulling the first guidewire distally

through the second path.

74.  The method of claim 73, wherein the first guidewire is pulled distally through

the second path with the second guidewire,

75, The meothod of claim 73 further comprising passing a delivery catheter
housing the expandable prosthetic valve device over the first guidewire along the second

path.

76. The method of claim 75, wherein the passing the delivery catheter over the
first guidewire includes pulling the delivery catheter along the second path with the first

guidewire,

77.  The method of claim 75, wherein the expandable prosthetic valve device is
configured to replace a mitral valve, and wherein the delivery catheter places the expandable
prosthetic valve device in the mitral valve of the heart.

=y
i
i

78, The roethod of claim 77, wherein the expandable prosthetic valve device is
configured to replace an aortic valve, and wherein the delivery catheter places the expandable

prosthetic valve device in the aortic valve of the heart.

79, The method of claim 66 further comprising pulling the second guidewire

distally through the first path.

83,  The method of claim 79, wherein the second guidewire is pulled distally

through the first path with the first guidewire.
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81. The method of claim 79 further comprising passing a delivery catheter
-l o
housing the expandable prosthetic valve device over the second guidewire along the second

path.

82.  The method of claim 81, wherein the expandable prosthetic valve device is
configured to replace an aortic valve, and wherein the delivery catheter places the expandable

prosthetic valve device 1n the aortic valve of the heart.

83.  The method of claim 81, wherein the expandable prosthetic valve device is
configured to replace a mitral valve, and wherein the delivery catheter places the expandable

prosthetic valve device 1n the mitral valve of the heart.

84, The method of claim 81 further comprising placing the expandable prosthetic

valve device at a native valve in the heart, and removing the delivery catheter.
85.  The method of claim 66 firther comprising passing a catheter over the first or
second guidewires, the catheter having a third distal end, and wherein the thurd distal end

tnchides an attachment mechanism,

8. The method of claim 85, wherein the attachment mechanism inchludes a

grasper, basket, snare, loop, hook, barb, magnet, brush, scrow, corkserew, latch, or balloon,

87.  The method of claim &5, wherein the catheter passes over the first guidewire

and the third distal end couples to the second distal end with the attachment mechanism.

88, The method of claima 87, wherein the catheter pulls the second guidewire

along the first path.

89, The method of claim 85, wherein the catheler passes over the second

guidewire and third distal end couples the first distal end with the attachment mechanism,

G, The method of claim 89, wherein the catheter pulls the first guidewire along

the second path.

46



WO 2012/178115 PCT/US2012/043885

17

BLOOD
_TO THE
- BODY

BLOOD FROM :
THE UPPER BODY-_ AORTA—

¥ THE LUNGS

LX<, FROM
BLOOD VLY = T AT THE LUNGS
FROM THE Y/ A
LOWER BODY /4 O
© © e/ A — AORTIC VALVE

LEFT ATRIUM

TRICUSPID__[ 4~ Z ==

VALVE y |

CHORDAE
TENDINEAE

RIGHT
VENTRICLE

2 ENTRICLE

FIG. 1



WO 2012/178115 PCT/US2012/043885

2117

‘ 132




WO 2012/178115 PCT/US2012/043885

317

114

~ 1500




WO 2012/178115 PCT/US2012/043885

4/17

140

142 142,144

150b— §




PCT/US2012/043885

WO 2012/178115

5117

Td¢iL




WO 2012/178115 PCT/US2012/043885

o/17
103
115 160 p\
=3 A
117

Cy

FIG. 7



WO 2012/178115 PCT/US2012/043885

717

’ 118

.
-—— =N
e




PCT/US2012/043885

WO 2012/178115

817

FIG. 8C

FIG. 8D



WO 2012/178115 PCT/US2012/043885

9/17
100
\
115~
101\
164
—150a

115 — 146,144



WO 2012/178115

100,102

\.y""
— 110

&
\1

FIG. 10A
100,102

-

Rk

—110

AN

FIG. 10E
100,102

g

oo,

FIG. 10l

100,101

e

—110

FIG. 10B

100,101

\‘y"’"

150a

150b

FIG. 10F
100,101

\ ~F
3!
; SEH

adof

FIG. 10J

10/17
160
140
/]
.7
FIG. 10C

PCT/US2012/043885

100,102 100,101

pro

Z

FIG. 10D

100,102 100,101

C/ 2
110 160 110
1508
150b
%
) 7N RZN
FIG. 10G FIG. 10H
100,102 100,101
) / «‘:Ii
50 410 160 x:/n
150a
A; 150b
/
"w NP b
FIG. 10K FIG. 10L



WO 2012/178115

100,102 100,101 1117
\ e
1110 53
A:."‘w
FIG. 11A FIG. 11B
100,102 100,101
\ \
1110
150a
140
150b
FIG. 11D FIG. 11E
100,102 100,101
\ \
150a
110 150b

FIG. 11G FIG. 11H

PCT/US2012/043885

100,101

FIG. 11F

100,101
\ 180 £

1110

FIG. 111



WO 2012/178115

08 & ",
e A A
140b— ¥ v AN
RE3 PR
X SE N
N e N
< -

12117

mmmmm

XK
990904
B

}§

9

SR

-

-

mmmmm

41b

from
17

FIG. 12B

PCT/US2012/043885




WO 2012/178115 PCT/US2012/043885

FIG. 12D



WO 2012/178115 PCT/US2012/043885

14/17 300

/

150
352

FIG. 13A

FIG.
;443 300
)
FIG. 13C -
300
)
FIG. 13D
550
FIG. 13E

FIG. 13F




PCT/US2012/043885

WO 2012/178115

15/17

L0

0001



WO 2012/178115 PCT/US2012/043885

ASCENDING
AORTA™]

JUGULAR
VEIN

MITRAL
!/ VALVE

SUPERIOR Y |

VENACAVA | |

AQORTIC
VALVE

INFERIOR __/ /.
VENACAVA [ // /

L AORTA
FEMORAL R
VEIN kﬂgﬁxf
FEMORAL
ARTERY

FIG. 15



WO 2012/178115

FIG.

FIG.

FIG.
FIG.

FIG.
FIG.

FIG.

FIG.

FIG.

FIG.

16A

16B

16C
16D

16E

16F

16G

16H

16l

16J

17117

PCT/US2012/043885

10502 1052a 1052h  1050b

) ]|

¢

< P Ll Y
H N 3
1070
10504 1052a.b 1050b
s ) ( (r
% R A
H N H
1070

1050a 1052a 4072 1052b  1050b
| LA L

£
A i
i

10502 1052a 1072 1052b  1050b °
s ) 4}, [

¢

y AY

} }

1050a 10522 1072 1052b 1050b

¢ ) e Y ( ¢

Y ﬁ<\§wj W i 3
N0

?Gﬁﬁa 10824
£

i

1050a 10523
s )

AN §
3

1050a 1052a
¢ ) }

N i
3

10?@3 1052a
£

X\ i
i

1078

1050a 1082
£ ) (

74
/ 1052b 1050b
= [ ¢

) 2
5 =

1084
1012
ol 1014

™}

i
s

1052a




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings

