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(57) Abstract: Apparatus and methods are described herein for use in the transvascular delivery and deployment of a prosthetic heart
valve. In some embodiments, an apparatus includes an outer sheath, a tube member movably disposed within the outer sheath, a retention
device coupled to the tube member, and a valve holder. A prosthetic heart valve is disposed within the outer sheath and includes an
outer frame and an inner frame that is removably coupled to the valve holder. The outer frame is disposed in an inverted configuration
relative to the inner frame. A first actuation wire is releasably coupled to a first portion of the outer frame and releasably coupled to
the retention device at a first location on the retention device. A second actuation wire is releasably coupled to a second portion of the
outer frame and releasably coupled to the retention device at a second location on the retention device.
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H8325227CA

PROSTHETIC HEART VALVES AND APPARATUS AND METHODS
FOR DELIVERY OF SAME

Cross-Reference to Related Applications
[0001] This application claims priority to and the benefit of U.S. Provisional Patent
application No. 62/532,152, entitled “Prosthetic Heart Valves and Apparatus and Methods for
Delivery of Same,” filed July 13, 2017 and U.S. Provisional Patent application No. 62/532,659,
entitled “Prosthetic Heart Valves and Apparatus and Methods for Delivery of Same,” filed July
14, 2017.

[0002] This application is related to U.S. Patent Application No. 15/626,607, filed on
June 19, 2017, entitled “Prosthetic Mitral Valves and Apparatus and Methods for Delivery of
Same,” which is a continuation of International Application No. PCT/US2016/012305, filed
on January 6, 2016, which claims priority to and is a continuation-in-part of International
Application No. PCT/US15/14572, entitled “Apparatus and Methods for Transfemoral
Delivery of Prosthetic Valve,” filed February 5, 2015, which claims priority to and the benefit
of U.S. Provisional Patent Application Serial No. 61/935,899, entitled “Transfemoral Delivery
of Prosthetic Mitral Valve,” filed February 5, 2014, and U.S. Provisional Patent Application
No. 62/100,548, entitled “Apparatus and Methods for Transfemoral Delivery of Prosthetic
Mitral Valve,” filed January 7, 2015.

[0003] International Application No. PCT/US2016/012305 also claims priority to and
the benefit of U.S. Provisional Patent Application No. 62/100,548, entitled “Apparatus and
Methods for Transfemoral Delivery of Prosthetic Mitral Valve,” filed January 7, 2015.

[0004] International Application No. PCT/US2016/012305 also claims priority to and
the benefit of U.S. Provisional Patent Application Serial No. 62/187,896, entitled “Apparatus
and Methods for Delivery of a Prosthetic Mitral Valve,” filed July 2, 2015, and U.S. Provisional
Patent Application Serial No. 62/137,384, entitled “Apparatus and Method for Delivery of a
Prosthetic Mitral Valve,” filed March 24, 2015.

Background
[0005] Embodiments are described herein that relate to devices and methods for use in
the delivery and deployment of prosthetic valves, and particularly to devices and methods for
prosthetic heart valves that provide for delivery of the prosthetic heart valves to within a heart

of a patient in an inverted configuration.
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[0006] Prosthetic heart valves can pose particular challenges for delivery and
deployment within a heart. Valvular heart disease, and specifically, aortic and mitral valve
disease is a significant health issue in the United States (US); annually approximately 90,000
valve replacements are conducted in the US. Traditional valve replacement surgery involving
the orthotopic replacement of a heart valve is considered an “open heart” surgical procedure.
Briefly, the procedure necessitates surgical opening of the thorax, the initiation of extra-
corporeal circulation with a heart-lung machine, stopping and opening the heart, excision and
replacement of the diseased valve, and re-starting of the heart. While valve replacement
surgery typically carries a 1-4% mortality risk in otherwise healthy persons, a significantly
higher morbidity is associated to the procedure largely due to the necessity for extra-corporeal
circulation. Further, open heart surgery is often poorly tolerated in elderly patients. Thus,
elimination of the extra-corporeal component of the procedure could result in reduction in

morbidities and cost of valve replacement therapies could be significantly reduced.

[0007] While replacement of the aortic valve in a transcatheter manner is the subject of
intense investigation, lesser attention has been focused on the mitral valve. This is in part
reflective of the greater level of complexity associated to the native mitral valve apparatus, and
thus, a greater level of difficulty with regards to inserting and anchoring the replacement
prosthesis. A need exists for delivery devices and methods for transcatheter mitral valve

replacements.

[0008] Some known delivery methods include delivering a prosthetic mitral valve
through an apical puncture site. In such a procedure, the valve is placed in a compressed
configuration within a lumen of a delivery catheter of, for example, 34-36 Fr (i.e. an outer
diameter of about 11-12 mm). Delivery of a prosthetic valve to the atrium of the heart can be
accomplished, for example, via a transfemoral approach, transatrially directly into the left
atrium of the heart or via a jugular approach. In such cases, it is desirable for the prosthetic
valve to have a small outer perimeter or profile to allow insertion through a smaller delivery
catheter of, for example, 28Fr (i.e. an outer diameter of about 9 mm). Thus, a need exists for
prosthetic heart valves that can have a small profile during delivery while still maintaining the

size and characteristics needed to perform their desired function within the heart.

[0009] A need also exists for devices and methods for delivering and deploying a
prosthetic heart valve within a heart, with the valve disposed within a small diameter delivery

sheath and then moving the valve to an expanded configuration within the heart.
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Summary
{0010] Apparatus and methods are described herein for various embodiments of a
prosthetic heart valve that can be moved to an inverted configuration for delivery of the
prosthetic heart valve to within a patient’s heart. In some embodiments, an apparatus includes
a prosthetic heart valve that includes an inner frame and an outer frame coupled to the inner
frame at multiple coupling joints. The prosthetic valve is movable between a first configuration
and a second configuration. The multiple coupling joints are configured to allow the outer
frame to be moved between a first position relative to the inner frame and a second position
relative to inner frame in which the outer frame is inverted relative to the inner frame. The
prosthetic valve is in the first configuration when the outer frame is in the first position, and in

the second configuration when the outer frame is in the second position.

[0011] In some embodiments, an apparatus includes an outer sheath that defines a
lumen, a tube member movably disposed within the lumen of the outer sheath and defining a
lumen, a retention device coupled to the tube member, a valve holder movably disposed within
a lumen defined by the tube member, and a prosthetic heart valve disposed at least partially
within the lumen of the outer sheath. The prosthetic heart valve includes an outer frame
coupled to an inner frame and the inner frame is removably coupled to a distal end portion of
the valve holder. The outer frame is movable between a first configuration relative to the inner
frame and a second configuration relative to the inner frame in which the outer frame is inverted
relative to the inner frame. The prosthetic heart valve is disposed within the lumen of the outer
sheath and the lumen of the tubular member with the outer frame in the second configuration.
A first actuation wire is releasably coupled to a first portion of the outer frame and releasably
coupled to the retention device at a first location on the retention device. A second actuation
wire is releasably coupled to a second portion of the outer frame and releasably coupled to the

retention device at a second location on the retention device,

Brief Description of the Figures
[0012] FIGS. 1A and 1B are schematic illustrations of a portion of a prosthetic heart
valve, according to an embodiment, shown in a first configuration and a second configuration,

respectively.

[0013] FIGS. 1C and 1D are schematic illustrations of the portion of the prosthetic heart
valve of FIGS. 1A and 1B, respectively, shown disposed within a delivery sheath.
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[0014] FIGS. 2A and 2B are schematic illustrations of the portion of a prosthetic heart
valve of FIGS. 1A and 1B, shown in the first configuration and the second configuration,
respectively.

[0015] FIGS. 3-5 are front, bottom, and top views of a prosthetic heart valve according

to an embodiment.

[0016] FIG. 6 is an opened and flattened view of the inner frame of the prosthetic heart

valve of FIGS. 3-5, in an unexpanded configuration.

[0017] FIGS. 7 and 8 are side and bottom views, respectively, of the inner frame of

FIG. 6 in an expanded configuration.

[0018] FIG. 9 is an opened and flattened view of the outer frame of the valve of FIGS.

3-5, in an unexpanded configuration.

[0019] FIGS. 10 and 11 are side and top views, respectively, of the outer frame of FIG.

9 in an expanded configuration.

[0020] FIGS. 12-14 are side, front, and top views of an assembly of the inner frame of
FIGS. 6-8 and the outer frame of FIGS. 9-11.

[0021] FIG. 15 is a side perspective view of an assembly of an inner frame and an outer

frame shown in a biased expanded configuration, according to an embodiment.

[0022] FIG. 16 is a side perspective view of the assembly of FIG. 15 with the outer

frame shown inverted.

[0023] FIG. 17 is side view of the assembly of FIG. 16 shown in a collapsed

configuration within a lumen of a delivery sheath.

[0024] FIG. 18 is a side view of the assembly of FIG. 17 shown in a first partially

deployed configuration.

[0025] FIG. 19 is a side view of the assembly of FIG. 17 shown in a second partially

deployed configuration.
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[0026] FIG. 20 is a side view of the assembly of FIG. 17 shown in a third partially
deployed configuration in which the inverted outer frame is substantially deployed outside of

the delivery sheath.

[0027] FIG. 21 is a side view of the assembly of FIG. 17 shown in a fourth partially
deployed configuration in which the outer frame has reverted and assumed a biased expanded

configuration.

[0028] FIGS. 22-24 illustrate steps of a portion of a method to deliver the prosthetic

valve of FIGS. 15-21 to an atrium of a heart and within the native mitral annulus.

[0029] FIG. 25 is a schematic illustration of a delivery device and prosthetic heart

valve, according to an embodiment.

[0030] FIG. 26A is a side view of a portion of the prosthetic heart valve of FIG. 25

shown within a delivery sheath and coupled to a valve holder.

[0031] FIG. 26B is a side view of an attachment member of the prosthetic valve of FIG.
26A.

[0032] FIG. 26C is an end view of the valve holder of FIG. 26A.

[0033] FIG. 27 is a partial cross-sectional side view of a delivery system and prosthetic

heart valve, according to an embodiment.

[0034] FIG. 28 is a cross-sectional view taken along line 28-28 in FIG. 27 showing the

actuation wires coupled to a tube member of the delivery system.

[0035] F1G. 29 is a proximal end view of a tube member of the delivery system of FIG.
27.

[0036] FIG. 30A is a side view of a portion of the tube member of FIG. 29.

[0037] FIG. 30B is a side view of a portion of a multi-lumen tube member according

to another embodiment and a distal retention element according to an embodiment.

[0038] FIG. 30C view of a portion of the multi-lumen tube member of FIG. 30B and a

distal retention element, according to another embodiment.
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[0039] FIGS. 31A-31D are each a side view of a different embodiment of an actuation
wire.
[0040] FIG. 32 is a partial cross-sectional side view of the delivery system and

prosthetic heart valve of FIG. 27, shown in a first partially deployed configuration.

[0041] FIG. 33 is a partial cross-sectional side view of the delivery system and

prosthetic heart valve of FIG. 27, shown in a second partially deployed configuration.

[0042] FIG. 34 is a partial cross-sectional side view of the delivery system and

prosthetic heart valve of FIG. 27, shown in a third partially deployed configuration.

[0043] FIG. 35 is a cross-sectional view taken along line A-A in FIG. 27 showing the

actuation wires in a partially released position.

[0044] FIG. 36A is a schematic illustration of a side view of a delivery system

according to another embodiment, shown in a first configuration.

[0045] FIG. 36B is a schematic illustration of a side view of the delivery of FIG. 36A,

shown with actuation wires coupled thereto.

[0046] FIG. 36C is a schematic illustration of a side view of the delivery system and

actuation wires of FIG. 36A, shown in a second configuration.

[0047] FIG. 36D is a schematic illustration of a side view of the delivery system and

actuation wires of FIG. 36A, shown in a third configuration.

[0048] FIG. 37 is a schematic illustration of a side view of the delivery system of FIG.

36A showing a prosthetic valve disposed within a lumen of the delivery sheath.

[0049] FIG. 38 is a schematic illustration of a side view of the delivery system of FIGS.
36A-37.
[0050] F1G. 39 is a schematic illustration of a side view of a delivery system according

to another embodiment, with a different pin configuration than the delivery system of FIGS.
36A-38.

[0051] FIG. 40 is a top view of an actuation wire according to an embodiment.
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[0052] FIG. 41A is an end view of a portion of the delivery system of FIGS. 36A-38
illustrating the pinning of the center loops of the actuation wires to the proximal retention

member of the retention device.

[0053] FIG. 41B is an end view of a portion of the delivery system of FIGS. 36A-38
illustrating the pinning of the end loops of the actuation wires to the center retention member

of the retention device.

[0054] FIG. 42 is a side view of a portion of a delivery system, according to an

embodiment and shown in a first configuration.

[0055] FIG. 43 is a side view of a portion of the delivery system of FIG. 42 shown in

the first configuration and with actuation wires coupled thereto.

[0056] FIG. 44 is a side view of a portion of the delivery system of FIG. 42 shown in a

second configuration and with actuation wires coupled thereto.

[0057] FIG. 45 is a side view of a portion of the delivery system of FIG. 42 shown in a

third configuration and with actuation wires coupled thereto.

[0058] FIG. 46 is a side view of a portion of the delivery system of FIG. 42 shown with

a prosthetic valve coupled to the actuation wires in an inverted configuration and partially

expanded configuration.

[0059] FIG. 47 is an enlarged view of a portion of the delivery system of FIG. 46.
[0060] FIG. 48 is a side view of the prosthetic valve of FIG. 46 shown in an expanded
configuration.

[0061] FIGS. 49A-49D illustrates stages in a procedure to reposition a partially

deployed prosthetic valve using the delivery device of FIG. 42.

[0062] FIG. 50 is a top view of an actuation wire according to another embodiment.
[0063] FIG. 51 is a perspective view of a portion of the actuation wire of FIG. 50.
[0064] FIG. 52 is a perspective view of a portion of the actuation wire of FIG. 50.

7
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[0065] FIG. 53 is a perspective view of an actuation wire according to another
embodiment.

[0066] FIG. 54 is a perspective view of a portion of the actuation wire of FIG. 53.
[0067] FIG. 55 is a perspective view of a portion of the actuation wire of FIG. 53.
[0068] FIGS. 56-58 each illustrate a portion of an actuation wire according to another
embodiment.

[0069] FIG. 59A is a perspective distal end view of a retention device, according to an

embodiment, and FIG. 59B is a perspective distal end view of the retention device shown

partially transparent for illustration purposes.

[0070] FIG. 60 is an exploded perspective view of the retention device of FIG. 59,

shown partially transparent.
[0071] FIG. 61 is a side view of the retention device of FIG. 59.

[0072] FIG. 62A is a perspective proximal end view and FIG. 62B is a perspective

distal end view of a distal retention member of the retention device of FIG. 59.

[0073] FIG. 63A is a perspective distal end view, FIG. 63B is a perspective proximal
end view, and FIG. 63C is a proximal end view of a proximal retention member of the retention

device of FIG. 59.

[0074] FIG. 64A is a perspective distal end view and FIG. 64B is a perspective

proximal end view of a center retention member of the retention device of FIG. 59.

[0075] FIG. 65 is a distal end perspective view of a valve holder, according to an
embodiment.

[0076] FIG. 66 is a side view of the valve holder of FIG. 65.

[0077] FIG. 67A is a distal end view and FIG. 67Bis a proximal end view of the valve

holder of FIG. 65.

[0078] FIG. 68 is an exploded perspective view of the valve holder of FIG. 59.
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[0079] - FIG. 69A and 69B illustrate force vectors associated with reverting a prosthetic
valve.

[0080] FIG. 70 is a top view of a prosthetic heart valve, according to another
embodiment.

[0081] FIG. 71 is a cross-sectional view of the prosthetic heart valve of FIG. 70 the

taken along line-A-A in FIG. 70.

[0082] FIG. 72 is a cross-sectional view of the prosthetic heart valve of FIG. 70 the
taken along line-B-B in FIG. 70.

[0083] FIG. 73 is a side view of the prosthetic heart valve of FIGS. 70-72 shown

inverted and disposed within a delivery device.

[0084] FIG. 74 is a side perspective view of a portion of a prosthetic heart valve

delivery device, according to an embodiment.

[0085] FIG. 75 is an enlarged side perspective view of the valve holder of the prosthetic
heart valve delivery device of FIG. 74.

[0086] FIG. 76 is enlarged side perspective view of the retention device of the
prosthetic heart valve delivery device of FIG. 74.

[0087] FIG. 77 is a schematic illustration of a retention device, according to another
embodiment.
[0088] FIG. 78 is a flowchart illustrating a method of preparing a delivery device with

a prosthetic valve to be delivered to a heart of a patient.

[0089] FIG. 79 is a flowchart illustrating a method of delivering a prosthetic heart valve

to a heart of a patient.

Detailed Description
[0090] Apparatus and methods are described herein for prosthetic heart valves, such as
prosthetic mitral valves, that can be configured to be moved to an inverted configuration for
delivery of the prosthetic valve to within a heart of a patient. As described herein, in some

embodiments, a prosthetic valve includes an outer frame that can be inverted relative to an
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inner frame when the prosthetic valve is in a biased expanded configuration. The prosthetic
mitral valve can be formed with, for example, a shape-memory material. After inverting the
outer frame, the prosthetic valve can be inserted into a lumen of a delivery sheath such that the

prosthetic valve is moved to a collapsed configuration.

[0091] The delivery sheath can be used to deliver the prosthetic valve to within a
patient’s heart using a variety of different delivery approaches for delivering a prosthetic heart
valve (e.g., prosthetic mitral valve) where the inverted prosthetic valve would enter the heart
through the atrium of the heart. For example, the prosthetic valves described herein can be
delivered using a transfemoral delivery approach as described in PCT International Application
No. PCT/US15/14572 (the “*572 PCT application™) and/or in PCT International Application
No. PCT/US16/12305 (the ““305 PCT application™) or via a transatrial approach, such as
described in U.S. Provisional Patent Application Serial No. 62/220,704, entitled “Apparatus
and Methods for Transatrial Delivery of Prosthetic Mitral Valve,” filed September 18, 2015
(the “*704 provisional application™). In another example, the prosthetic valves described herein
(e.g., an inverted valve as described herein) could be delivered via a transjugular approach,
e.g., via the right atrium and through the atrial septum and into the left atrium, as described in
U.S. Provisional Patent Application Serial No. 62/305,678, entitled “Apparatus and Methods
for Delivery of Prosthetic Mitral Valve,” (the ““678 provisional application”) and in U.S. Patent
Application Pub. No. 2017/0079790, entitled “Apparatus and Methods for Delivery of
Prosthetic Mitral Valve,” (the ““790 publication™). The prosthetic valves described herein can
also be delivered apically if desired. With a transapical approach, after the delivery sheath has
been disposed within the left atrium of the heart, the prosthetic mitral valve is moved distally
out of the delivery sheath such that the inverted outer frame reverts and the prosthetic valve
assumes its biased expanded configuration. The prosthetic mitral valve can then be positioned

within a mitral annulus of the heart.

[0092] In some embodiments, an apparatus includes a prosthetic valve that includes an
inner frame and an outer frame coupled to the inner frame at multiple coupling joints. The
multiple coupling joints are configured to allow the outer frame to be moved relative to inner
frame such that the prosthetic valve can be moved between a first configuration and a second
configuration. The outer frame and the inner frame collectively define a first length of the
prosthetic valve when the prosthetic valve is in the first configuration and a second length of

the prosthetic valve when the prosthetic valve is in the second configuration and the second

10
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length is greater than the first length. The inner frame has a length that is the same when the

prosthetic valve is in both the first configuration and the second configuration.

[0093] In some embodiments, an apparatus includes a prosthetic heart valve that
includes an inner frame and an outer frame coupled to the inner frame at multiple coupling
joints. The prosthetic valve is movable between a first configuration and a second
configuration. The multiple coupling joints are configured to allow the outer frame to be
moved between a first position relative to the inner frame and a second position relative to
inner frame in which the outer frame is inverted relative to the inner frame. The prosthetic
valve is in the first configuration when the outer frame is in the first position, and in the second

configuration when the outer frame is in the second position.

[0094] In some embodiments, an apparatus includes a prosthetic heart valve that
includes an inner frame, and an outer frame coupled to the inner frame at multiple coupling
joints. The multiple coupling joints are configured to allow the outer frame to be moved
relative to inner frame such that the prosthetic valve can be moved between a first configuration
and a second configuration. The outer frame has an outer frame coupling portion coupled to
the inner frame at multiple coupling joints and an outer frame free end portion. The inner frame
has an inner frame coupling portion coupled to the outer frame at the multiple coupling joints. ’
A first end portion and an inner frame free end portion are on an opposite end of the inner
frame from the first end portion. The multiple coupling joints are disposed between the outer
frame free end portion and the first end portion of the inner frame when the prosthetic valve is
in the first configuration. The multiple coupling joints are disposed between the inner frame
free end portion and the outer frame free end portion when the prosthetic valve is in the second

configuration.

[0095] In some embodiments, an apparatus includes a prosthetic heart valve that
includes an inner frame coupled to an outer frame at multiple coupling joints. The multiple
coupling joints are configured to allow the outer frame to be moved relative to the inner frame
such that the prosthetic valve can be moved between a first configuration and a second
configuration. The outer frame has an outer frame coupling portion coupled to the inner frame
at the multiple coupling joints and an outer frame free end portion. The inner frame has an
inner frame coupling portion coupled to the outer frame at the multiple coupling joints and an
inner frame free end portion. The outer frame free end portion and the inner frame free end

portion each open in the same direction when the prosthetic valve is in the first configuration.

11
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The outer frame free end portion and the inner frame free end portion open in opposite

directions when the prosthetic valve is in the second configuration.

[0096] In some embodiments, an apparatus includes a delivery sheath that defines a
lumen, a valve holder movably disposable within the lumen of the delivery sheath and a
prosthetic heart valve disposed at least partially within the lumen of the delivery sheath in a
collapsed configuration. The prosthetic heart valve includes an outer frame coupled to an inner
frame and the inner frame is removably coupled to a distal end portion of the valve holder. The
outer frame is movable between a first configuration relative to the inner frame and a second
configuration relative to the inner frame in which the outer frame is inverted relative to the
inner frame. The prosthetic heart valve is disposed within the lumen of the delivery sheath
with the outer frame in the second configuration. A first actuation wire is releasably coupled
to a first portion of the outer frame and a second actuation wire is releasably coupled to a second
portion of the outer frame. Each of the first actuation wire and the second actuation wire have
a first portion extending proximally from the outer frame and a second portion extending
proximally from the outer frame. The first portion and the second portion of each of the first
actuation wire and the second actuation wire are configured to be pulled proximally to urge the
outer frame from the second configuration towards the first configuration relative to the inner

frame.

[0097] In some embodiments, an apparatus includes an outer sheath that defines a
lumen, a tube member movably disposed within the lumen of the outer sheath and defining a
lumen, a retention device coupled to the tube member, a valve holder movably disposed within
the lumen of the outer sheath and within a lumen defined by the tube member, and a prosthetic
heart valve disposed at least partially within the lumen of the outer sheath. The prosthétic heart
valve includes an outer frame coupled to an inner frame and the inner frame is removably
coupled to a distal end portion of the valve holder. The outer frame is movable between a first
configuration relative to the inner frame and a second configuration relative to the inner frame
in which the outer frame is inverted relative to the inner frame. The prosthetic heart valve is
disposed within the lumen of the outer sheath and the lumen of the inner sheath with the outer
frame in the second configuration. A first actuation wire is releasably coupled to a first portion
of the outer frame and releasably coupled to the retention device at a first location on the

retention device. A second actuation wire is releasably coupled to a second portion of the outer
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frame and releasably coupled to the retention device at a second location on the retention

device.

[0098] In some embodiments, a method includes inserting a distal end portion of a
delivery sheath into a left atrium of a heart. The delivery sheath having a prosthetic mitral
valve disposed within a lumen of the delivery sheath and the prosthetic mitral valve has an
outer frame coupled to an inner frame such that the outer frame can be moved between a first
position relative to the inner frame and a second position relative to the inner frame in which
the outer frame is inverted relative to the inner frame. The prosthetic valve is disposed within
the lumen of the delivery sheath with the outer frame in the second position relative to the inner
frame. The prosthetic mitral valve is moved distally out of the delivery sheath causing the
outer frame of the prosthetic mitral valve to revert back to the first position relative to the inner
frame such that the prosthetic mitral valve at least partially assumes a biased expanded

configuration. The prosthetic mitral valve is positioned within a mitral annulus of the heart.

[0099] *In some embodiments, an apparatus includes an outer sheath that defines a first
lumen and is configured to receive a prosthetic heart valve in a compressed configuration and
a tube member movably disposed within the first lumen of the outer sheath and defining a
second lumen. A valve holder having at least a portion of which movably disposed within the
second lumen of the tube member. The valve holder is configured to be releasably coupled to
a prosthetic heart valve during delivery of the prosthetic heart valve to a heart. A retention
device is coupled to a distal end portion of the tube member and includes a proximal retention
member defining a first opening, a center retention member including a first pin and defining
a second opening, and a distal retention member including a second pin. The proximal
retention member is fixedly coupled to the tube member and the center retention member is
axially movable relative to the proximal retention member between a first position in which
the first pin is spaced from the proximal retention member and a second position in which the
first pin is disposed within the first opening of the proximal retention member. The distal
retention member is axially movable relative to the center retention member between a first
position in which the second pin is disposed at a spaced distance from the center retention
member and a second position in which the second pin is disposed within the second opening.
The retention device can be actuated to secure an actuation wire releasably coupled to a
prosthetic heart valve to the retention device when at least one of the center retention member

is moved to its second positon and the first pin secures a first loop of the actuation wire to the
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retention member or the distal retention member is moved to its second position and the second

pin secures a second loop of the actuation wire to the retention device.

[00100] In some embodiments, a method includes placing a first loop of an actuation
wire over a first pin of a retention device of a prosthetic heart valve delivery device. The
retention device includes a proximal retention member that defines a first opening, a center
retention member that includes the first pin and defines a second opening, and a distal retention
member that includes a second pin. A first portion of the actuation wire is passed through a
first loop on an outer frame of a prosthetic heart valve and a second portion of the actuation
wire is passed through a second loop on the outer frame of the prosthetic heart valve. The first
portion of the actuation wire has a second loop disposed on a first end of the actuation wire and
the second portion of the actuation wire has a third loop on a second end of the actuation wire.
The second loop and the third loop of the actuation wire are placed over the second pin of the
retention device. The retention device is actuated to move one of the center retention member
and the proximal retention member axially such that the first pin is disposed in the first opening
and the first loop of the actuation wire is secured to the retention device. The retention member
is actuated again to move the distal retention member axially such that the second pin is
disposed in the second opening and the second loop and the third loop of the actuation wire are
secured to the retention device. The prosthetic valve is placed within a lumen of a sheath of

the delivery device.

[00101] In some embodiments, a method includes inserting a distal end portion of a
delivery sheath of a valve delivery device into a left atrium of a heart, when the delivery sheath
has a prosthetic mitral valve disposed within a lumen of the delivery sheath. The prosthetic
mitral valve has an outer frame coupled to an inner frame and the outer frame is inverted
relative to the inner frame. The prosthetic heart valve is releasably coupled to a retention device
that includes a proximal retention member defining a first opening, a center retention member
including a first pin and defining a second opening, and a distal retention member including a
second pin. An actuation wire is coupled to the prosthetic heart valve and includes a first loop
secured to the retention device with the first pin and a second loop secured to the retention
device with the second pin. The prosthetic mitral valve is moved distally out the distal end
portion of the delivery sheath. The retention device is moved proximally such that the actuation
wire pulls the outer frame of the prosthetic heart valve proximally and the outer frame is

reverted relative to the inner frame. The retention device is actuated such that the distal
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retention member moves axially relative to the center retention member and the second pin
releases the second loop of the actuation wire. After actuating the retention device, the
retention device is moved proximally such that the actuation wire is pulled proximally and is
uncoupled from the prosthetic heart valve, allowing the outer frame of the prosthetic heart valve
to move to a biased expanded configuration. The prosthetic heart valve is then positioned

within a mitral valve annulus of the heart.

[00102] In some embodiments, an apparatus includes a prosthetic heart valve that
includes an inner frame and an outer frame coupled to the inner frame. The outer frame
includes a body portion and a cuff portion and is configured to be moved relative to the inner
frame such that the prosthetic valve can be moved between a first biased expanded
configuration in which the outer frame is disposed substantially surrounding the inner frame
and a second configuration in which the outer frame is inverted relative to the inner frame such
that a free end portion of the outer frame opens in an opposite direction than a free end portion
of the inner frame. The cuff portion includes a first portion disposed at a transverse angle
relative to the body portion and a second portion extending at a transverse angle relative to the
first portion of the cuff portion when the prosthetic heart valve is in the biased expanded

configuration.

[00103] In some embodiments, an actuation wire for use in delivery of a prosthetic heart
valve to a heart of a subject includes a first elongate strand having a first end and a second end,
a second elongate strand having a first end and a second end. A first loop is disposed at the
first end of the first elongate strand, a second loop is disposed at a first end of the second
elongate strand, and a third loop is disposed between the second end of the first elongate strand
and the second end of the second elongate strand. The first loop, the second loop and the third
loop are each configured to be releasably pinned to a delivery device and the first elongate
strand and the second elongate strand are each configured to be releasably coupled to the

prosthetic heart valve.

[00104] FIGS. 1A and 1B are schematic illustrations of a portion of a prosthetic heart
valve 100, according to an embodiment, shown in a first configuration and a second
configuration respectively, and FIGS. 1C and 1D illustrate the portions of the prosthetic heart
valve 100 of FIGS. 1A and 1B, respectively, shown disposed within a lumen of a delivery
sheath 126. FIGS. 2A and 2B illustrate a portion of the prosthetic heart valve 100 of FIGS. 1A

and 1B, respectively, and show length dimensions for the prosthetic heart valve in each of the

15

Date Regue/Date Received 2021-06-24



H8325227CA

first configuration and the second configuration. The prosthetic heart valve 100 (also referred
to herein as “prosthetic valve” or “valve”) can be, for example, a prosthetic mitral valve. The
valve 100 includes an outer frame 120 and an inner frame 150. The outer frame 120 and the
inner frame 150 are each formed as a tubular structure as described in more detail below with
reference to FIGS. 3-15. The outer frame 120 and the inner frame 150 can be coupled together
at multiple coupling joints 146 disposed about a perimeter of the inner frame 150 and a
perimeter of the outer frame 120 as described in more detail below. The valve 100 can also
include other features, such as those described with respect to FIGS. 3-15 below. For
illustration purposes, only the inner frame 150 and the outer frame 120 are discussed with
respect to FIGS. 1A-2B. The various characteristics and features of valve 100 described with

respect to FIGS. 1A-2B can apply to any of the prosthetic valves described here.

[00105] The outer frame 120 is configured to have a biased expanded or undeformed
shape and can be manipulated and/or deformed (e.g., compressed or constrained) and, when
released, return to its original (expanded or undeformed) shape. For example, the outer frame
120 can be formed of materials, such as metals or plastics, which have shape memory
properties. With regards to metals, Nitinol® has been found to be especially useful since it can
be processed to be austenitic, martensitic or super elastic. Other shape memory alloys, such as
Cu-Zn-Al-Ni alloys, and Cu-Al-Ni alloys, may also be used. The inner frame 150 can be
formed from a laser-cut tube of Nitinol®. The inner frame 150 can also have a biased expanded
or undeformed shape and can be manipulated and/or deformed (e.g., compressed and/or
constrained) and, when released, return to its original (expanded or undeformed) shape.
Further details regarding the inner frame 150 and the outer frame 120 are described below with

respect to valve 200 and FIGS. 3-15.

[00106] The valve 100 can be delivered and deployed within a left atrium of a heart
using a variety of different delivery approaches including, for example, a transfemoral delivery
approach, as described in the ‘572 PCT application, or a transatrial approach, as described in
the ‘704 provisional application. As described above, in some situations, such as when
delivering a prosthetic valve to the heart via a transfemoral or transatrial approach, because of
the smaller size of the lumen of the delivery sheath, the size of the prosthetic valve during
delivery should be sized accordingly. Thus, it is desirable to have a prosthetic valve that can
be reconfigured between a biased expanded configuration for implantation in the heart (e.g.,

within a native mitral annulus) and a delivery configuration that has a smaller outer perimeter
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or profile to allow for delivery within the lumen of the delivery sheath. The prosthetic valve
100 and the embodiments of a prosthetic valve described herein can be constructed and formed

to achieve these desired functions and characteristics.

[00107] More specifically, the valve 100 can have a biased expanded configuration (as
shown in FIGS. 1A and 2A), an inverted configuration (as shown in FIGS. 1B and 2B), and a
compressed or collapsed configuration (as shown in FIGS. 1C and 1D). The expanded
configuration allows the valve 100 to function when implanted within the heart. The valve 100
can be moved to the inverted configuration and the compressed or collapsed configuration for

delivery of the valve 100 to the heart of a patient.

[00108] To enable the valve 100 to be moved to the inverted configuration, the outer
frame 120 can be coupled to the inner frame 150 in such a manner to allow the outer frame 120
to move relative to the inner frame 150. More specifically, the coupling joints 146 can couple
the outer frame 120 to the inner frame 150 in such a manner to allow the outer frame 120 to be
moved relative to the inner frame 150. For example, in some embodiments, the coupling joints
146 can be configured to allow the outer frame 120 to rotate about the coupling joint 146
relative to the inner frame 150. In some embodiments, coupling joints can provide a pivotal
coupling between the outer frame 120 and the inner frame 150. In some embodiments, the
coupling joints can provide a flexible attachment between the outer frame 120 and the inner
frame 150. The coupling joints 146 can be a variety of different types and configurations as
described herein with reference to the various embodiments of a prosthetic valve. For example,
the coupling joints 146 can include a living hinge, a flexible member, sutures, a suture wrapped

through an opening, a pin or tab inserted through an opening or any combinations thereof.

[00109] To move the valve 100 from the expanded configuration (FIG. 1A) to the
inverted configuration (FIG. 1B), the outer frame 120 is moved to a prolapsed or inverted
configuration relative to the inner frame 150, as shown in FIGS. 1B, 1D and 2B, by moving
(e.g., rotating, pivoting, flexing) the outer frame 120 about the coupling joints 146. The elastic
or superelastic structure of outer frame 120 of valve 100 also allows the outer frame 120 to be
moved to, and disposed in, the prolapsed or inverted configuration relative to the inner frame
150. To move the outer frame 120 to the inverted configuration relative to the inner frame 150,
the outer frame 120 is folded or inverted distally (to the right in FIG. 1B) relative to the inner
frame 150 via the coupling joints 146. As shown in FIGS. 1A and 2A, the outer frame 120 is

in a first position relative to the inner frame 150 prior to being inverted in which an open or
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free end portion 116 (also referred to the atrium portion 116 of the outer frame 120) is disposed
proximally or to the left of the coupling joints 146 and in the same direction as a free end
portion 147 (also referred to as a second end portion of the inner frame) of the inner frame 150.
When the outer frame 120 is moved to an inverted configuration (i.e., second position relative
to the inner frame 150), the free end portion 116 is disposed distally of the coupling joints 146
(or to the right in FIGS. 1B and 2B) and in an opposite direction as the free end portion 147 of
the inner frame 150. Said another way, when the valve 100 is in a biased expanded
configuration (e.g., FIG. 1A), the coupling joints 146 are disposed between a first end portion
144 (also referred to as a tether coupling portion) of the inner frame 150 and the free end portion
116 of the outer frame 120. When the valve 100 is in the inverted configuration (e.g., FIG. 1B)
(i.e., the outer frame 120 has been moved to an inverted configuration or position), the coupling
joints 146 are disposed between the free end portion or second end portion 147 of the inner

frame 150 and the free end portion 116 of the outer frame 120.

[00110] When in the inverted configuration, an overall length of the valve 100 is
increased, but a length of the inner frame 150 and a length of the outer frame 120 remains the
same (or substantially the same). For example, as shown in FIGS. 2A and 2B an overall length
L1 of the valve 100 in the biased expanded configuration (prior to being inverted as shown in
FIG. 2A) is less than the overall length L2 of the valve 100 when in the inverted configuration
(FIG. 2B). A length Li of the inner frame 150 and a length Lo of the outer frame 120 is
substantially the same (or the same) when the valve 100 is in both the biased expanded
configuration and the inverted configuration. In addition, in some instances, depending on the
specific configuration of the outer frame, an overall outer perimeter or outer diameter of the

valve 100 can be smaller when the valve 100 is in the inverted configuration.

[00111] With the valve 100 in the inverted configuration, the valve 100 can be placed
within a lumen of the delivery sheath 126 for delivery of the valve 100 to the left atrium of the
heart, as shown in FIG. 1D. When placed within the lumen of the delivery sheath 126, the
valve 100 is moved to the collapsed or compressed configuration in which the outer diameter
or outer perimeter of the valve 100 is reduced. Because the valve 100 is in the inverted
configuration, the valve 100 is able to be placed within a smaller delivery sheath 126 than
would otherwise be possible. For example, for comparison purposes, FIG. 1C illustrates the
valve 100 placed within a lumen of a delivery sheath 126° where the valve 100 has not been

moved to an inverted configuration prior to being disposed within the delivery sheath 126°. As
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shown in FIG. 1C, an outer diameter of the valve 100 is reduced, but not to as small of a
diameter as for the valve 100 when placed in a delivery sheath 126 when in the inverted
configuration. Thus, in FIG. 1C, the valve 100 has an overall outer perimeter or outer diameter
D1 and in FIG. 1D, the valve 100 has an overall outer perimeter or outer diameter D2, which

is less than D1.

[00112] Thus, by disposing the outer frame 120 in the inverted configuration, the valve
100 can be collapsed into a smaller overall diameter, i.e. placed in a smaller diameter delivery
sheath 126, than would be possible if the valve 100 were merely collapsed radially. This is
because when the valve is in the biased expanded configuration, the inner frame 150 is nested
within an interior of the outer frame 120, and thus the outer frame 120 must be collapsed around
the inner frame 150. In some embodiments, the inner frame 150 and the outer frame are
disposed concentrically. Whereas in the inverted configuration, the inner frame 150 and the
outer frame 120 are arranged axially with respect to each other (i.e., the inner frame is not
nested within the outer frame 150), such that the outer frame 120 can be collapsed without
needing to accommodate all of the structure of the inner frame 150 inside it. In other words,
with the inner frame 150 disposed mostly inside or nested within the outer frame 120, the layers
or bulk of the frame structures cannot be compressed to as small a diameter. In addition, if the
frames are nested, the structure is less flexible, and therefore, more force is needed to bend the
valve, e.g., to pass through tortuous vasculature or to make tight turns in the left atrium after
passing through the atrial septum to be properly oriented for insertion into the mitral valve

annulus.

[00113] FIGS. 3-14 illustrate another embodiment of a prosthetic heart valve that can be
delivered and deployed within a left atrium of a heart using a variety of different delivery
approaches including, for example, a transfemoral delivery approach or a transatrial delivery
approach. FIGS. 3-5 are front, bottom, and top views, respectively, of a prosthetic heart valve
200 according to an embodiment. Prosthetic heart valve 200 (also referred to herein as “valve”
or “prosthetic valve”) is designed to replace a damaged or diseased native heart valve such as
a mitral valve. Valve 200 includes an outer frame assembly 210 and an inner valve assembly

240 coupled to the outer frame assembly 210.

[00114] As shown, outer frame assembly 210 includes an outer frame 220, covered on
all or a portion of its outer face with an outer covering 230, and covered on all or a portion of

its inner face by an inner covering 232. Outer frame 220 can provide several functions for
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prosthetic heart valve 200, including serving as the primary structure, as an anchoring
mechanism and/or an attachment point for a separate anchoring mechanism to anchor the valve
to the native heart valve apparatus, a support to carry inner valve assembly 240, and/or a seal
to inhibit paravalvular leakage between prosthetic heart valve 200 and the native heart valve

apparatus.

[00115] Outer frame 220 has a biased expanded configuration and can be manipulated
and/or deformed (e.g., compressed and/or constrained) and, when released, return to its original
unconstrained shape. To achieve this, outer frame 220 can be formed of materials, such as
metals or plastics that have shape memory properties. With regards to metals, Nitinol® has
been found to be especially useful since it can be processed to be austenitic, martensitic or
super elastic. Other shape memory alloys, such as Cu-Zn-Al-Ni alloys, and Cu-Al-Ni alloys,

may also be used.

[00116] As best shown in FIG. 3, outer frame assembly 210 has an upper end (e.g., at
the atrium portion 216), a lower end (e.g., at the ventricle portion 212), and a medial portion
(e.g., at the annulus portion 214) therebetween. The upper end or atrium portion 216 (also
referred to as “outer free end portion™) defines an open end portion of the outer frame assembly
210. The medial or annulus portion 214 of the outer frame assembly 210 has a perimeter that
is configured (e.g., sized, shaped) to fit into an annulus of a native atrioventricular valve. The
upper end of the outer frame assembly 210 has a perimeter that is larger than the perimeter of
the medial portion. In some embodiments, the perimeter of the upper end of the outer frame
assembly 210 has a perimeter that is substantially larger than the perimeter of the medial
portion. As shown best in FIG. 5, the upper end and the medial portion of the outer frame
assembly 210 has a D-shaped cross-section. In this manner, the outer frame assembly 210

promotes a suitable fit into the annulus of the native atrioventricular valve.

[00117] Inner valve assembly 240 includes an inner frame 250, an outer covering (not
shown), and leaflets 270. As shown, the inner valve assembly 240 includes an upper portion
having a periphery formed with multiple arches. The inner frame 250 includes six axial posts
or frame members that support the outer covering of the inner valve assembly and leaflets 270.
Leaflets 270 are attached along three of the posts, shown as commissure posts 252 (best
illustrated in FIG. 4), and the outer covering of the inner valve assembly 240 is attached to the
other three posts, 254 (best illustrated in FIG. 4), and optionally to commissure posts 252. Each

of the outer covering of the inner valve assembly 240 and leaflets 270 are formed of
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approximately rectangular sheets of material, which are joined together at their upper, or atrium
end. The lower, ventricle end of the outer covering may be joined to inner covering 232 of
outer frame assembly 210, and the lower, ventricle end of leaflets 270 may form free edges

275, though coupled to the lower ends of commissure posts 252.

[00118] Although inner valve assembly 240 is shown as having three leaflets, in other
embodiments, an inner valve assembly can include any suitable number of leaflets. The leaflets
270 are movable between an open configuration and a closed configuration in which the leaflets

270 coapt, or meet in a sealing abutment.

[00119] Outer covering 230 of the outer frame assembly 210 and inner covering 232 of
outer frame assembly 210, outer covering of the inner valve assembly 240 and leaflets 270 of
the inner valve assembly 240 may be formed of any suitable material, or combination of
materials, such as those discussed above. In this embodiment, the inner covering 232 of the
outer frame assembly 210, the outer covering of the inner valve assembly 240, and the leaflets
270 of the inner valve assembly 240 are formed, at least in part, of porcine pericardium.
Moreover, in this embodiment, the outer covering 230 of the outer frame assembly 210 is

formed, at least in part, of polyester.

[00120] Inner frame 250 is shown in more detail in FIGS. 6-8. Specifically, FIGS. 6-8
show inner frame 250 in an undeformed, initial state (FIG. 6), a side view of the inner frame
250 in an expanded configuration (FIG. 7), and a bottom view of the inner frame 250 in the

expanded configuration (FIG. 8), respectively, according to an embodiment.

[00121] In this embodiment, inner frame 250 is formed from a laser-cut tube of Nitinol®.
Inner frame 250 is illustrated in FIG. 6 in an undeformed, initial state, i.e. as laser-cut, but cut
and unrolled into a flat sheet for ease of illustration. Inner frame 250 can be divided into four
portions, corresponding to functionally different portions of the inner frame 250 in final form:
atrial portion 247, body portion 242, strut portion 243, and tether clamp or connecting portion
244, Strut portion 243 includes six struts, such as strut 243A, which connect body portion 242

to tether connecting portion 244.

[00122] Tether connecting portion 244 (also referred to as first end portion of inner
frame) includes longitudinal extensions of the struts, connected circumferentially by pairs of
opposed, slightly V-shaped connecting members (or “micro-Vs™). Tether connecting portion

244 is configured to be radially collapsed by application of a compressive force, which causes
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the micro-Vs to become more deeply V-shaped, with the vertices moving closer together
longitudinally and the open ends of the V shapes moving closer together circumferentially.
Thus, tether connecting portion 244 can be configured to compressively clamp or grip one end
of a tether, either connecting directly onto a tether line (e.g. braided filament line) or onto an
intermediate structure, such as a polymer or metal piece that is in turn firmly fixed to the tether

line.

[00123] In contrast to tether connecting portion 244, atrial portion 247 (also referred to
as “inner frame free end portion) and body portion 242 are configured to be expanded radially.
Strut portion 243 forms a longitudinal connection and radial transition between the expanded
body portion and the compressed tether connecting portion 244. Body portion 242 provides an
inner frame coupling portion 245 that includes six longitudinal posts, such as post 242A. The
inner frame coupling portion 245 can be used to attach leaflets 270 to inner frame 240, and/or
can be used to attach inner assembly 240 to outer assembly 210, such as by connecting inner
frame 250 to outer frame 220. In the illustrated embodiment, the posts include openings
through which connecting members (such as suture filaments and/or wires) can be passed to

couple the posts to other structures.

[00124] Inner frame 250 is shown in a fully deformed, i.e. the final, deployed

configuration, in side view and bottom view in FIGS. 7 and 8, respectively.

[00125] Outer frame 220 of valve 200 is shown in more detail in FIGS. 9-11. In this
embodiment, outer frame 220 is also formed from a laser-cut tube of Nitinol®. Outer frame
220 is illustrated in FIG. 9 in an undeformed, initial state, i.e. as laser-cut, but cut and unrolled
into a flat sheet for ease of illustration. Outer frame 220 can be divided into an outer frame
coupling portion 271, a body portion 272, and a cuff portion 273 (which includes the atrium or
free end portion 216), as shown in FIG. 9. Outer frame coupling portion 271 includes multiple
openings or apertures, such as 271A, by which outer frame 220 can be coupled to inner frame

250, as discussed in more detail below.

[00126] Outer frame 220 is shown in a fully deformed, i.e. the final, deployed
configuration, in side view and top view in FIGS. 10 and 11, respectively. As best seen in FIG.
11, the lower end of outer frame coupling portion 271 forms a roughly circular opening

(identified by “O” in FIG. 11). The diameter of this opening preferably corresponds
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approximately to the diameter of body portion 242 of inner frame 250, to facilitate coupling of

the two components of valve 200.

[0‘0127] Outer frame 220 and inner frame 250 are shown coupled together in FIGS. 12-
14, in front, side, and top views, respectively. The two frames collectively form a structural
support for a prosthetic valve such as valve 200. The frames support the valve leaflet structure
(e.g., leaflets 270) in the desired relationship to the native valve annulus, support the coverings
(e.g., outer covering 230, inner covering 232, outer covering of inner valve assembly 240) for
the two frames to provide a barrier to blood leakage between the atrium and ventricle, and
couple to the tether (e.g., tether assembly 290) (by the inner frame 250) to aid in holding the
prosthetic valve 200 in place in the native valve annulus by the tether connection to the ventricle
wall. The outer frame 220 and the inner frame 250 are connected at six coupling points
(representative points are identified as “C”). In this embodiment, the coupling points are
implemented with a mechanical fastener, such as a short length of wire, passed through an
aperture (such as aperture 271A) in outer frame coupling portion 271 and corresponding
openings in inner frame coupling portion 245 (e.g., longitudinal posts, such as post 242A) in
body portion 242 of inner frame 250. Inner frame 250 is thus disposed within the outer frame

220 and securely coupled to it.

[00128] FIGS. 15-21 illustrate a method of reconfiguring a prosthetic heart valve 300
(e.g., prosthetic mitral valve) prior to inserting the prosthetic heart valve 300 into a delivery
sheath 326 (see, e.g., FIGS. 17-21) for delivery into the atrium of the heart. The prosthetic
heart valve 300 (also referred to herein as “valve™) can be constructed the same as or similar
to, and function the same as or similar to the valves 100 and 200 described above. Thus, some
details regarding the valve 300 are not described below. It should be understood that for
features and functions not specifically discussed, those features and functions can be the same

as or similar to the valve 200.

[00129] As shown in FIG. 15, the valve 300 has an outer frame 320 and an inner frame
350. As discussed above for valves 100 and 200, the outer frame 320 and the inner frame 350
of valve 300 can each be formed with a shape-memory material and have a biased expanded
configuration. The outer frame 320 and the inner frame 350 can be moved to a collapsed
configuration for delivery of the valve 300 to the heart. In this example method of preparing
the valve 300 for delivery to the heart, the outer frame 320 of the valve 300 is first disposed in

a prolapsed or inverted configuration as shown in FIG. 16. Specifically, the elastic or
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superelastic structure of outer frame 320 of valve 300 allows the outer frame 320 to be disposed
in the prolapsed or inverted configuration prior to the valve 300 being inserted into the lumen
of the delivery sheath 326. Asshown in FIG. 16, to dispose the outer frame 320 in the inverted
configuration, the outer frame 320 is folded or inverted distally (to the right in FIG. 16) such
that an open free end 316 of the outer frame 320 is pointed away from an open free end 347 of
the inner frame 350. As described above for valve 100, in this inverted configuration, the
overall outer perimeter or outer diameter of the valve 300 is reduced and the overall length is
increased. For example, the diameter D1 shown in FIG. 15 is greater than the diameter D2
shown in FIG. 16, and the length L1 (shown in FIG. 12 for valve 200) is less than the length
L2 shown in FIG. 16 for valve 300. With the outer frame 320 in the inverted configuration
relative to the inner frame 350, the valve 300 can be placed within a lumen of a delivery sheath
326 as shown in FIG. 17 for delivery of the valve 300 to the left atrium of the heart. By
disposing the outer frame 320 in the inverted configuration relative to the inner frame 350, the
valve 300 can be collapsed into a smaller overall diameter, i.e. when placed in a smaller
diameter delivery sheath, than would be possible if the valve 300 in the configuration shown
in FIG. 15 were collapsed radially without being inverted. This is because in the configuration
shown in FIG. 15, the two frames are concentric or nested, and thus the outer frame 320 must
be collapsed around the inner frame 350, whereas in the configuration shown in FIG. 16, the
two frames are substantially coaxial but not concentric or nested. Thus, in the configuration
shown in FIG. 16 the outer frame 320 can be collapsed without the need to accommodate the
inner frame 350 inside of it. In other words, with the inner frame 350 disposed mostly inside
or nested within the outer frame 320, the layers or bulk of the frame structures cannot be
compressed to as small a diameter. In addition, if the frames are nested, the structure is less
flexible, and therefore, more force is needed to bend the valve, e.g. to pass through tortuous
vasculature or to make tight turns in the left atrium after passing through the atrial septum to

be properly oriented for insertion into the mitral valve annulus.

[00130] FIGS. 22-24 illustrate a portion of a procedure to deliver the valve 300 to the
heart. In this embodiment, the valve 300 is shown being delivered via a transfemoral delivery
approach as described, for example, in the ‘572 PCT application above. The delivery sheath
326, with the valve 300 disposed within a lumen of the delivery sheath 326 and in an inverted
configuration as shown in FIG. 17, can be inserted into a femoral puncture, through the femoral
vein, through the inferior vena cava, into the right atrium, through the septum Sp and into the

left atrium LA of the heart. With the distal end portion of the delivery sheath 326 disposed
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within the left atrium of the heart, the valve 300 can be deployed outside a distal end of the
delivery sheath 326. For example, in some embodiments, a pusher device 338 can be used to
move or push the valve 300 out the distal end of the delivery sheath 326. As shown in FIGS.
22-24, a tether 336 can be attached to the valve 300, and extend though the mitral annulus,
through the left ventricle LV, and out a puncture site at the apex Ap. In some embodiments,
the valve 300 can be moved out of the delivery sheath 326 by pulling proximally on the tether
336. In some embodiments, the valve 300 can be deployed by pushing with the pusher device
and pulling with the tether.

[00131] As the valve 300 exits the lumen of the delivery sheath 326, the outer frame
assembly 310 exits first in its inverted configuration as shown in the progression of FIGS. 18-
20 (see also FIG. 22). After the outer frame assembly 310 is fully outside of the lumen of the
delivery sheath 326, the outer frame 320 can revert to its expanded or deployed configuration
as shown in FIG. 21, 23 and 24. In some embodiments, the outer frame 320 can revert
automatically after fully exiting the lumen of the delivery sheath due to its shape-memory
properties. In some embodiments, a component of the delivery sheath or another device can
be used to aid in the reversion of the outer frame assembly 310. In some embodiments, the
pusher device and/or the tether can be used to aid in the reversion of the outer frame assembly
310. The valve 300 can continue to be deployed until the inner frame 350 is fully deployed
with the left atrium and the valve 300 is in the expanded or deployed configuration (as shown,
e.g., in FIG. 15 and 24). The valve 300 and the tether 336 can then be secured to the apex of
the heart with an epicardial pad device 339 as shown in FIG. 24 and as described in more detail

in the ‘572 PCT application and the ‘305 PCT application above.

[00132] FIG. 25 illustrates schematically an embodiment of a delivery system (also
referred to as a “delivery device”) that can be used to deliver and deploy a prosthetic heart
valve within a heart of a patient with, for example, a transvascular approach. In this
embodiment, a delivery system 4035 includes a delivery sheath 426, a valve holder 438 (also
referred to as a “pusher™), and one or more actuation wires 474 and 476. In this schematic
illustration, only two actuation wires are illustrated, but in other embodiments, only one
actuation wire or more than two actuation wires can be used. The actuation wires 474, 476 can
be, for example, a flexible tension member / tether, made of monofilament or multiple filaments
woven, knit, or braided, polymer, metal, natural fiber, etc. The actuation wires 474, 476 can

be, for example, a suture.
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[00133] The delivery sheath 426 can be used to deliver a valve 400 that includes an inner
valve assembly 440 including an inner frame (not labeled in FIG. 25) and an outer frame
assembly 410 including an outer frame (not labeled in FIG. 25). The valve 400 can be
constructed the same as or similar to, and function the same as or similar to, for example, any
of the prosthetic valves described herein and/or in the ‘305 PCT application, and can be moved
between a deployed or expanded configuration and a delivery configuration in which the outer
frame is disposed in an inverted position relative to the inner frame as described herein and/or
in the ‘305 PCT application. As shown in FIG. 25, the valve 400 can be disposed within a
lumen of the delivery sheath 426 when the valve is in the delivery configuration (i.e., the outer
frame is inverted relative to the inner frame). In this embodiment, when in the delivery
configuration and placed within a delivery sheath, the outer frame assembly 410 is disposed
distal of the inner valve assembly 440. The valve holder 438 is coupled to the inner valve
assembly 440 and the actuation wires are coupled to the outer fame assembly 410. The valve
holder 438 can be releasably coupled to the inner frame assembly 440 via couplers 406 that are
attached to the inner frame assembly 440 as shown in FIGS. 26A-26C. In this embodiment,
the couplers 406 are in the form of a T-bar or hammer shape. It should be understood that

couplers with other configurations and shapes can be used.

[00134] As shown in FIG. 26A, the couplers 406 are received within the recesses 404
and the valve 400 and the valve holder 438 can be disposed within the lumen of the delivery
sheath 426. The inner diameter of the delivery sheath 426 can be sized such that when the
valve holder 438 and valve 400 are disposed therein, the couplers 406 are unable to exit the
recesses 404. In other words, the inner walls of the delivery sheath 426 maintain the couplers
406 within the recesses 404. When the valve 400 is moved outside of the delivery sheath 426,
the couplers 406 will be able to freely exit the recesses 404 releasing the inner frame 450 from

the valve holder 438.

[00135] In alternative embodiments, the valve holder 438 can be removably coupled to
the valve 400 (e.g., the inner frame 450 of the valve 400) via wires or sutures that can be cut
after delivery of the valve 400 to the heart. In some cases, the valve holder 438 can be
decoupled from the valve 400 when the valve is still disposed within the delivery sheath 426,
while in other instances the valve holder 438 can be decoupled from the valve 400 after the

valve 400 exits the delivery sheath 426 within the heart.
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[00136] The actuation wires 474 and 476 can be coupled to the outer frame of the outer
frame assembly 410 with a variety of different coupling methods. For example, the outer frame
410 can include loops (as described below, for example, with respect to outer frame 510, and
in the “305 PCT application) through which the actuation wires 474 and 476 can be received
or threaded. The number of loops on the outer frame can vary and the number of loops through
which each actuation wire is connected can vary. For example, in some embodiments, the
outer frame includes 12 loops and a first actuation wire is threaded through 6 of the loops and
a second actuation wire is threaded through 6 of the loops. In other embodiments, the outer
frame can include 12 loops and there can be 4 actuation wires, each coupled to 3 of the loops.
In some embodiments, a single actuation wire is coupled through all of the loops of the outer

" frame.

[00137] In this embodiment, the delivery sheath 426 can be used to deliver the valve 400
to the left atrium of the heart using a transvascular approach (e.g., transfemoral, transatrial,
transjugular). When the distal end of the delivery sheath 426 is disposed within the left atrium,
the valve 400 is moved out of the lumen of the delivery sheath 426 using the actuation wires
474, 476 to assist in pulling the valve 400 out of the delivery sheath 426. In some cases, the
valve holder 438 can also be used to push the valve 400 out of the delivery sheath 426. More
specifically, the actuation wires 474 and 476 can extend from the outer frame assembly 410
out a distal end of the delivery sheath and extend pro;iimally. In some embodiments, the
actuation wires 474, 476 extend proximally outside the delivery sheath 426, then pass back into
the lumen of the delivery sheath 426 through side apertures or holes (not shown) and then out
a proximal end of the delivery sheath 426. Thus, a user (e.g., physician) can pull the proximal
end portions of the actuation wires 474 and 476 to in turn pull the outer frame assembly 410
out of the distal end of the delivery sheath 426. In some embodiments, the actuation wires 474,
476 extend proximally from the outer frame assembly 410, back through the distal end of the
delivery sheath 426 (e.g., rather than through side apertures or holes of the delivery sheath) and
within the lumen of the delivery sheath, and then out a proximal end of the delivery sheath 426.
Various different embodiments and configurations are described in more detail below and in

the ‘305 PCT application.

[00138] As the outer frame assembly 410 exits the delivery sheath 426 it will still be in
an inverted configuration relative to the inner frame assembly 440. After the outer frame

assembly 410 is at least partially outside of the lumen of the delivery sheath 426, the outer
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frame assembly 410 can begin to revert to its expanded or deployed configuration (not shown
in FIG. 25). In this embodiment, however, the actuation wires 474 and 476 can function to
selectively (e.g., by an operator) assist and/or control the expansion, deployment and/or
articulation of the valve 400 as the valve 400 is delivered to the heart. In this manner, in use,
the proximal end portions of the actuation wires 474, 476 can be pulled distally to ri1anipulate
the outer frame assembly 410 to assist and control the transition of the outer frame assembly
410 from its inverted configuration relative to the inner frame assembly 440 to its expanded or
deployed configuration (not shown). In some embodiments, the actuation wires 474, 476 can
be manually grasped by a user to pull the actuation wires proximally. In some embodiments,
the actuation wires 474, 476 can be operatively coupled to the delivery system 405 such that
the user does not have to manually handle the actuation wires. For example, the actuation wires
can be coupled to a delivery sheath and/or to a handle assembly (not shown) of the delivery
system 405. Various embodiments of a delivery system are described in more detail below and

in the ‘305 PCT application.

[00139] FIGS. 27-35 illustrate a delivery system 505 for delivering and deploying a
prosthetic heart valve, such as, prosthetic heart valve 500, within a heart, according to another
embodiment. The prosthetic heart valve 500 (also referred to herein as “valve™) can be
constructed the same as or similar to, and function the same as or similar to any of the valves
described herein. Thus, some details regarding the valve 500 are not described herein. As
shown in FIG. 27, the valve 500 has an outer frame assembly 510 with an outer frame 520 and
an inner valve assembly 540 with an inner frame 550, and a tether 536 coupled to the inner
frame 550. As described above for previous embodiments (e.g., valve 100, 200, 300 etc.), the
outer frame 520 and the inner frame 550 of valve the 500 can each be formed with a shape-
memory material and have a biased, expanded or deployed configuration. The outer frame 520
and the inner frame 550 can be moved to a collapsed or undeployed configuration for delivery
of the valve 500 to the heart in which the outer frame 520 is inverted relative to the inner frame
550. To prepare the valve 500 for delivery to the heart, the outer frame 520 of the valve 500
is first disposed in a prolapsed or inverted configuration as shown in FIG. 27. Specifically, the
elastic or superelastic structure of outer frame 520 of valve 500 allows the outer frame 520 to
be disposed in the prolapsed or inverted configuration relative to the inner frame 550 as

described above, for example with respect to valve 100.
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[00140] For example, to dispose the outer frame 520 in its inverted configuration relative
to the inner frame 550, the outer frame 520 is folded or inverted distally such that the outer
frame 520 is pointed away from the inner frame 550. With the outer frame 520 in the inverted
configuration, the valve 500 can be placed within a lumen of the delivery system 505 as shown
in FIG. 27 for delivery of the valve 500 to the left atrium of the heart. As discussed above, by
disposing the outer frame 520 of the valve 500 in the inverted configuration, the valve 500 can
be collapsed into a smaller overall diameter, i.e., placed in a smaller diameter delivery sheath,
than would be possible if the valve 500 were collapsed radially when the inner frame 550 and

the outer frame 520 are disposed concentric to one another.

[00141] In this embodiment, the delivery system 505 includes an outer delivery sheath
526, an inner sheath 508, a valve holder 538 (also referred to as a “pusher”) and a multi-lumen
elongate tube member 503 (also referred to as “tube” or “tube member” or “multi-lumen
elongate member™). As shown in FIGS. 27 and 32-34, the tube member 503 is movably
disposed within a lumen 582 defined by the outer delivery sheath 526. The inner sheath 508
is movably disposed within the lumen 582 and within a lumen 580 defined by the tube member
503. The valve holder 538 is movably disposed within a first lumen 583 and a second lumen

585 defined by the inner sheath 508 that are in fluid communication with each other.

[00142] To deploy the valve 500 within a heart, the outer frame 520 of the valve 500 is
first moved or placed in its inverted configuration relative to the inner frame 550. As shown
in FIG. 27, a portion of the valve 500 is placed within the lumen 582 of the outer sheath and a
portion of the valve 500 is placed within the lumen 583 of the inner sheath 508. As described
above for previous embodiments, when the valve 500 is placed within the delivery system (e.g.,
outer sheath 526 and inner sheath 508) the valve 500 can be compressed or collapsed to a

smaller configuration (e.g., a smaller outer perimeter).

[00143] The inner frame 550 can be releasably coupled to the valve holder 538 via
couplers 506 that are received within corresponding recesses 504 defined by the valve holder
538 in the same manner as described above for delivery system 405 (see, e.g., FIGS. 26A-26C).
In this manner, the valve holder 538 can be used to hold the valve 500 to aid in the control and
manipulation of the valve 500 as it is being deployed within a heart. In addition, the valve
holder 538 can limit radial expansion of the inner frame 550 as the valve 500 is moved within
the lumen of the delivery sheath 526 and during deployment outside of the delivery sheath 526.

As described above for valve 400, an inner diameter 582 of the inner sheath 508 can be sized
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such that when the valve holder 538 and valve 500 are disposed therein, the couplers 506 are
unable to exit the recesses 504. In other words, the inner walls of the inner sheath 508 maintain
the couplers 506 within the recesses 504. When the valve 500 is moved outside of the inner
sheath 508, the couplers 506 will be able to freely exit the recesses 504, releasing the inner

frame 550 from the valve holder 538.

[00144] In alternative embodiments, the valve holder 538 can be removably coupled to
the valve 500 (e.g., the inner frame 550 of the valve 500) via wires or sutures that can be cut
after delivery of the valve 500 to the heart. In some cases, the valve holder 538 can be
decoupled from the valve 500 when the valve is still disposed within the outer delivery sheath
526, while in other instances the valve holder 538 can be decoupled from the valve 500 after

the valve 500 exits the delivery sheath 526 within the heart.

[00145] Although not shown, in other embodiments, the valve holder 538 can merely
contact and push the valve 500 during deployment, as described for previous embodiments,
without securing the inner frame 550 to the valve holder 538. In such embodiments, in some
instances, radial expansion of the inner frame 550 can be restricted by the inner sheath 508

when the inner frame 550 is disposed therein.

[00146] In this embodiment a first actuation wire 576, a second actuation wire 574, a
third actuation wire 576 and a fourth actuation wire 577 are each coupled to the outer frame
assembly 510. More specifically, the outer frame 550 of the outer frame assembly 510 includes
loops 562 through which the actuation wires 574-577 can be threaded or received therethrough.
In this embodiment, the outer frame 520 includes 12 loops 562 and each actuation wire 574-
577 is threaded through 3 of the loops 562. In other embodiments, there can be a different
number of loops disposed on the outer frame 520 and there can be a different number of
actuators. Further, each actuation wire can be threaded or received through a different number

of loops than shown for this embodiment.

[00147] When the valve 500 is disposed within the delivery system 505 as shown, for
example, in FIG. 27, the actuation wires 574-577 each extend from the outer frame 520
proximally within the lumen 582 of the outer sheath and along an outside wall of the inner
sheath 508, are tucked or placed behind one or more seals 581 or other holding device, and
pinned by an elongate pinning member 578-1, 578-2, 578-3, 578-4 (collectively referred to as
pinning members 578) to the tube member 503. The seal 581 can be configured such that the
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actuation wires 574-577 can slide relative to the seal 581 during actuation and deployment of

the valve 500 as described in more detail below.

[00148] As shown in FIGS. 27 and 32-34, a first end of the actuation wire 574 and a first
end of the actuation wire 575 are pinned by a pinning member 578-2, and a first end of the
actuation wire 576 and a first end of the actuation wire 577 are pinned by a pinning member
578-1. A second end of the actuation wire 574 and a second end of the actuation wire 576 are
pinned by a pinning member 578-4 (not shown in the partial cross-sectional views of FIGS. 27
and 32-34), and a second end of the actuation wire 575 and a second end of the actuation wire
577 are pinned by a pinning member 578-3 (not shown in the partial cross-sectional views of
FIGS. 27 and 32-34). The second ends of the actuation wires are shown detached in FIGS. 27

and 32-34 for ease of illustration.

[00149] FIG. 28 is a cross-sectional view taken along line 28-28 in FIG. 27 and
illustrates the pinning of the actuation wires 574-577. The actuation wires 574-577 are shown
unattached to the outer frame for illustration purposes. FIG. 31A illustrates the actuation wire
574 and is representative of the other actuation wires 575-577. FIGS. 31B, 31B and 31C
ilfustrate alternative embodiments for the actuation wires labeled 574°, 574 and 574’7, As
shown in FIG. 31A, the actuation wires 574-577 each include a loop on both ends of the
actuation wire, which is pinned by the pinning members 578. In FIG. 31B, the pinning
members can pin the smaller loop on one end of the actuation wire 574 and the end of the
larger loop on the opposite end of the actuation wire 574°. In FIG. 31C, the actuation wire
575" is in the form of a closed loop and each end of the loop can be pinned by a pinning
member. In FIG. 31D, the actuation wire 574"’ includes two elongate loops and a center
smaller loop. In this embodiment, the actuation wire 574°° can be pinned by three pinning
members, a first pinning member can pin an end of one of the larger loops, a second pinning
member can pin an end of the other larger loop, and the small loop can be pinned by a third
pinning member. In each of the embodiments of FIGS. 31B-31D, a double layer of the
actuation wire would be passed or threaded through the loops of the outer frame of the valve.

Other alternative configurations can also be used.

[00150] As shown in FIGS. 29 and 30A, the multi-lumen tube member 503 defines four
pinning member lumens 579-1, 579-2, 579-3, 579-4 (collectively referred to as pinning
member lumens 579). The end portions of the actuation wires 574-577 are placed within the

circumferential recess or groove 584 defined by the tube member 503, where the pinning
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members 578 are received through the loops on the ends of the actuation wires 574-577,
pinning the actuation wires 574-577 to the tube member 503. Thus, during deployment of the
valve 500 within a heart, a user (e.g., physician) can use the tube member 503, to which the
actuation wires 574-577 are coupled, to control and/or manipulate movement of the valve 500

as described in more detail below.

[00151] FI1GS. 30B and 30C illustrate an alternative embodiment of a multi-lumen tube
member 603 that can be used with a distal retention element 686 as shown in FIG. 30B, or a
distal retention element 786 as shown in FIG. 30C. The distal retention elements 686 and 786
can be disposed abutting a distal end of the multi-lumen tube member 603 and can define at
least in part a recess area to receive the loop ends of the actuation wires, and can provide
increased overall strength and durability to the multi-lumen tube member 603 during delivery
and deployment of the prosthetic valve. The distal retention element 686, 786 can be formed
with the same or a different material as the multi-lumen tube member 603. In some
embodiments, it may be desirable for the distal retention element 686, 786 to be formed of a
material having greater strength characteristics than the multi-lumen tube member 603. For

example, the distal retention element 686, 786 can be formed with a metal or rigid plastic.

[00152] As shown in FIGS. 30B and 30C, the multi-lumen tube member 603 (also
referred to herein as “tube member”) can define a center lumen 680 and multiple pinning
member lumens, including pinning member lumens 679-3 and 679-4 (collectively referred to
as 679) shown in FIGS. 30B and 30C that can receive therein pinning members, such as pinning
members 578-3 and 578-4, respectively. Although not show, the tube member 603 can also
define pinning member lumens that can receive pinning members 578-1 and 578-2 as shown
for tube member 503 in FIG. 29.

[00153] As shown in FIG. 30B, the distal retention element 686 can be received within
the lumen 680 and can define a lumen 687 through which the valve holder 538 can be slidably
received. Although not shown, the distal retention element 686 can be coupled to the tube
member 603 using various different coupling methods. For example, in some embodiments,
the distal retention element 686 can be bonded to the tube member 603. In some embodiments
the distal retention element 686 can include a feature(s), such as barbs, that allow it to be
inserted into the tube member 603, but not removed. In some embodiments the distal retention
element 686 can include notches that interlock with a corresponding feature of the tube member

603 and/or the tube member 603 can be reflowed or molded over the retention element 686.

32

Date Regue/Date Received 2021-06-24



H8325227CA

Various other coupling methods and/or combinations of securement strategies could be used
to couple the distal retention element 686 to the tube member 603. In some embodiments, the
distal retention element 686 can extend proximally within the lumen 680 of the tube member

603 and be coupled at a proximal end portion of the tube member 603.

[00154] The distal retention element 686 also defines pinning member lumens 669 that
align with the pinning member lumens 679 of the multi-lumen tube member2603 such that the
pinning members 578 can be received therein. A proximal shoulder 688 can be disposed
abutting a distal end of the multi-lumen tube member 603. The distal retention element 686
also defines a circumferential recess area 684 defined between the proximal shoulder 688 and
a distal end portion of the distal retention element 686. As shown in FIG. 30B, the loop ends
of the actuation wires 574-577 can be received within the recess area 684 and pinned by the

pinning members 578 as described above for multi-lumen tube member 503.

[00155] FIG. 30C illustrates a distal retention element 786 disposed abutting the distal
end of the multi-lumen tube member 603. As with the previous embodiment, the distal
retention element 786 can be received within the lumen 680 and can define a lumen 787 through
which the valve holder 538 can be slidably received. The distal retention element 786 can be
coupled to the tube member 603 in the same manner as described above for distal retention
element 686. The distal retention element 786 also includes a proximal shoulder 788
configured to abut the distal end of the multi-lumen tube member 603. The distal retention
element 786 also defines a circumferential recess area 784 that can receive the loop ends of
actuation wires 574°°-577"°, which can be pinned by the pinning members 578 (578-3 and 578-
4 shown in FIG. 30C). In this example, the actuation wires are configured as a closed loop as

shown for actuation wire 574’ in FIG. 31C.

[00156] The procedure to deliver the valve 500 to the heart can be the same as or similar
to any of the procedures described herein, in ‘572 PCT application or in the ‘305 PCT
application above. For example, the valve 500, disposed within the delivery system 505 in an
inverted configuration, can be delivered to the left atrium of the heart in the same or similar
manner as described above with reference to FIGS. 43-48 in the ‘305 PCT application. With
the distal end portion of the delivery sheath 526 disposed within the left atrium of the heart, the
valve 500 can be deployed outside of the delivery sheath 526. For example, as shown in FIG.
32, the inner sheath 508, valve holder 538 and tube member 503 can be moved distally relative

to the outer sheath 526, moving or pushing the valve 500 outside the tumen 582 of the outer
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sheath 526. In addition, or alternatively, the outer sheath 526 can be moved or pulled
proximally, leaving at least a portion of the valve 500 disposed within the heart. In some cases,
the tether 536 coupled to the valve 500 can be used to help pull the valve 500 out of the lumen
of the outer sheath 526.

[00157] As described above for previous embodiments, as the outer frame 520 becomes
unconstrained by the outer sheath 526, the outer frame 520 can begin to revert to its expanded
or uninverted configuration. The actuation wires 575-577 can be used to control the reversion
of the outer frame 520. More specifically, the tube member 503 can be pulled proximally such
that the actuation wires (pinned to the tube member 503) pull the distally disposed portion of
the outer frame 520 proximally (as shown in FIG. 33) in a controlled manner and such that the
reversion of the outer frame 520 from its inverted configuration relative to the inner frame 550

can be controlled.

[00158] In addition, in some instances, the actuation wires 574-577 can assist in the
articulation and placement of the valve 500 into its destination (e.g., a native annulus of an’
atrioventricular valve of a heart). For example, as shown in FIG. 34, the actuation wires 574-
577 can also be used to constrain, collapse, or otherwise move the valve 500 (e.g., radially
compress the outer frame 520 of the valve 500) after the valve 500 exits the outer sheath 526
and is in its reverted, expanded or partially expanded configuration. More specifically, in this
embodiment, the tube member 503 with the actuation wires 574-577 pinned thereto, can be
manipulated by a user to move or urge the outer frame to a more compressed configuration (as
shown in FIG. 34) by pulling or moving the tube member 503 proximally. This may be
desirable, for example, to reposition the valve 500 within the heart before fully deploying the
valve 500.

[00159] Referring back to FIG. 33, when the outer frame 520 of the valve 500 is disposed
in its non-inverted and at least partially expanded configuration, and is in a desired position
within the heart, the inner frame 550 can be deployed. As described above for valve 400, to
decouple the inner frame 550 from the valve holder 538, the valve holder 538 can be moved
distally and/or the inner sheath 208 can be moved proximally such that the valve holder 238 is
disposed outside of the lumen 583 of the inner sheath 508. As such, the couplers 506 can be
released from the recesses 504 releasing or decoupling the inner frame 550 from the valve
holder 538. In some embodiments, the tether 536 can be pulled to help move the inner frame

550 outside of the inner sheath 508. When the inner frame 550 is released from the valve
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holder 538 and disposed outside the inner sheath 508, the inner frame 550 can assume its biased

expanded configuration.

[00160] The actuation wires 574-577 can also be released or decoupled from the outer
frame 520 before or after the inner frame 550 is released from the valve holder 538. To
decouple the actuation wires 574-577 from the outer frame 520, one end of each of the actuation
wires 574-577 can be unpinned or decoupled from the tubular member 503. For example, as
shown in FIG. 35, the pinning member 578-3 (See FIG. 28) can be withdrawn proximally from
groove 584 such that the second end of the actuation wire 577 and the second end of the
actuation wire 575 are each released or unpinned from the tube member 503, but remain pinned
by pinning members 578-2 and 578-1, respectively. Similarly, the pinning member 578-4 (see
FIG. 28) can be withdrawn proximally from groove 584 such that the second end of the
actuation wire 574 and the second end of actuation wire 576 can each be released or unpinned
from the tube member 503, but remain pinned by pinning members 578-2 and 578-1,
respectively. With one end of each of the actuation wires 575-577 coupled to the tube member
503 (via pinning members 578-1 and 578-2 in this example), the tube member 503 can be
pulled proximally, which in turn will pull the opposite ends of the actuation wires 574-577 out
of the loops 562 of outer frame 520. Thus with the actuation wires 574-577 detached from the
outer frame 520, the outer frame can assume a biased expanded or partially expanded

configuration.

[00161] Although in the above example, the pinning members 578-3 and 578-4 are
shown withdrawn to release the ends of the actuation wires 574-577, alternatively, the pinning
members 578-1 and 578-2 can be withdrawn leaving the actuation wires 574-577 pinned by
pinning members 578-3 and 578-4. Further, the actuation wires 574-577 can be decoupled
from the outer frame 520 at any suitable sequence or time period within the procedure. For
example, in some instances it may be desirable for the actuation wires 574-577 to be released
after the valve 500 has at least partially exited the delivery sheath 526 but before the valve 500
is seated within the native annulus of the atrioventricular valve. In other instances, for example,
the actuation wires 574-577 can be released after the valve 500 has at least partially exited the
outer delivery sheath 526 and after the valve 500 is seated within the native annulus of the

atrioventricular valve.
[00162] FIGS. 36A-38 illustrate another embodiment of a delivery system 805 (also

referred to as a “delivery device”) that can be used to deliver and deploy a prosthetic heart
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valve 800 (shown schematically in FIG. 37) within a heart in a procedure similar to or the same
as the procedures described with respect to other embodiments described herein and
embodiments described in the ‘305 PCT application. Thus, some details regarding the valve
and procedures performed therewith are not described herein. It should be understood that for
features and functions not specifically discussed, those features and functions can be the same
as or similar to the valves described herein (e.g., the valve 500) and/or in the ‘305 PCT
application. The valve 800 can be constructed the same as or similar to, and function the same
as or similar to any of the valves described herein and/or in the ‘305 PCT application. For
example, the valve can include an outer frame assembly 810 that has an outer frame, an inner
valve assembly 840 that has an inner frame, and a tether (not shown) coupled to the inner valve
assembly. The delivery system 805 can include the same or similar components as delivery
system 505 described above. For example, the delivery system 805 can include an outer
delivery sheath 826 and a valve holder 838 (also referred to as a “pusher”). In this embodiment,
the delivery system 805 includes an elongate tube member 815 (also referred to as “tube” or
“tube member”) which can be slidably disposed within a lumen 882 of the delivery sheath 826
and can be coupled to a retention device (described below) that can be used to secure and
release actuation wires 874, 875 and 876 (875 only shown in FIGS. 41 A and 41B) as described
in more detail below. The valve holder 838 can be coupled to an elongate member 837 that
can be movably disposed within a lumen 880 defined by the elongate tube member 815 and a

lumen defined by a retention device 860 described below.

[00163] As with other embodiments described herein and embodiments of the 305 PCT
application, the delivery system 805 can be used to deliver the valve 800, which can be moved
from a biased expanded configuration to an inverted configuration for delivery of the valve to
the heart. To deploy the valve 800 within a heart, the outer frame of the valve 800 can be
moved to an inverted configuration relative to the inner frame as described above for previous
embodirﬁents and placed within a distal end portion of the lumen 882 of the delivery sheath
826 and/or a lumen of an inner sheath (not shown) that can be movably disposed within the
lumen 882 of the outer delivery sheath 826, such that the valve 800 is compressed or collapsed

within the delivery sheath 826 as shown schematically in FIG. 36C.

[00164] The inner frame of the valve 800 can be releasably coupled to the valve holder
838 via couplers (not shown) that are received within corresponding recesses (not shown)

defined by the valve holder 838 in the same or similar manner as described above for delivery
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system 405 (see, e.g., FIGS. 26A-26C). In this manner, the valve holder 838 can be used to
hold the valve to aid in the control and manipulation of the valve as it is delivered and deployed.
For example, as described above for valves 400 and 500, an inner diameter of the outer delivery
inner sheath 826 or an inner diameter of an inner sheath (not shown) in which the valve is
disposed for delivery, can be sized such that when the valve holder 838 and valve are disposed
therein, the couplers are unable to exit the recesses. In other words, the inner walls of the inner
sheath or delivery sheath maintain the couplers within the recesses. When the valve is moved
outside of the inner sheath or delivery sheath, the couplers will be able to freely exit the
recesses, releasing the inner frame of the valve from the valve holder 838. In some
embodiments, the valve holder 838 can include an inner member that can be used to maintain
the couplers within the recesses of the valve holder 838, rather than a component on the outer
surface of the valve holder 838 as described for delivery systems 405 and 505. For example,
the inner member of the valve holder 838 can be moved distally outside of the valve holder
838 to release the couplers from the recesses and moved back proximally within the valve

holder 838 to secure the couplers in the recesses.

[00165] In this embodiment, the elongate tube member 815 is coupled to a retention
device 860 that includes retention components or members that are coupled together coaxially
and can be actuated to secure and release actuation wires coupled to the delivery system 805.
FIGS. 36A-38 illustrate three retention components or members, but in other embodiments,
more or less than three retention components can be included. More specifically, the retention
device 860 includes a first or proximal retention member 864 that is fixedly coupled to a distal
end portion of the tube member 815, a second or center retention member 866 that is movably
coupled to the proximal retention member 864 and a third or distal retention member 868 that
is movably coupled to the center retention member 866 and movably coupled to the proximal
retention member 864. The center retention member 866 can be coupled to the proximal
retention member 864 via a first actuation rod or rods 865, and the distal retention member 868
can be coupled to the center retention member 866 and to the proximal retention member 864
via a second actuation rod or rods 867. The actuation rods 865 and 867 can extend to a proximal
end of the delivery device 805 and be operably coupled to a handle assembly 818 (see FIG.
38). Although two actuation rods 865 and two actuation rods 867 are shown in FIGS. 36A-38,
in alternative embodiments, the delivery system can include a single actuation rod 865 and a
single actuation rod 867 or more than two actuation rods 865, 867. In some embodiments, two

actuation rods 867 are fixedly attached to the distal retention member 868, and a single
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actuation rod 865 is fixedly attached to the center retention member 866. More specifically,
the actuation rods 867 are attached to the distal retention member 868, extend through
lumens/passageways defined by the center retention member 866 and through lumens defined
by the proximal retention member 864 such that the distal retention member 868 can be moved
relative to the center retention member 866 and the proximal retention member 864. The
actuation rod 865 is fixedly attached to the center retention member 864, and extends through
a lumen/passageway defined in the proximal retention member 864 such that the center
retention member 866 can be moved relative to the proximal retention member 864. The
proximal retention member 864 can be fixedly attached to the tube member 815 with a
connecting rod (not shown) such that the proximal retention member 864 can move with the

tube member 815.

[00166] The retention device 860 also defines a lumen through which the valve holder
838 can be movably disposed. For example, each of the proximal retention member 864, the
center retention member 866 and the distal retention member 868 can define a lumen and the

valve holder 838 and elongate member 837 can be movably disposed within each lumen.

[00167] Multiple pins 898 are fixedly attached to the center retention member 866 and
include a proximal portion 878 (also referred to as “pin” or “pin portion”) that extends
proximally from the center retention member 866 and a distal portion 888 (also referred to as
“pin” or “pin portion”) that extends distally from the center retention member 866. In some
embodiments, the pins 898 extend through lumens (not shown in FIGS. 36A-38) defined by
the center retention member 866. The proximal and distal pin portions 878 and 888 can be
used to releasably hold actuation wires 874, 875 and 876 to the delivery device 805 in a similar
manner as described above for delivery system 505 and pins 578. For example, the pins 878
can be received within apertures or lumens 863 defined by the proximal retention member 864
and the pins 888 can be received within apertures or lumens 861 defined by the distal retention
member 868. Pins 878 and pins 888 can be formed as separate pins and attached to the center
retention member 866 or can be formed as a single component with the pins 878 extending
proximally from the center retention member 866 and the pins 888 extending distally from the
center retention member 866. For example, the pins 878, 888 can be a single component that
extends through an opening in the center retention member 866 and is attached (e.g., welded)
to the center retention member 866, or is otherwise attached to the center retention member

866 (without passing through an opening). The pins 878, 888 can be for example, welded to
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the center retention member 866. Only two pins 878 and two pins 888 are shown in FIGS.
36A-38, but a third pin 878 and a third pin 888 are also included to pin the actuation wires 874,
875, 876. Thus, in this embodiment, there are three actuation wires and three pins 878 and
three pins 888. In other embodiments there can be more or less than three actuation wires and

more or less than three pins 878 and three pins 888.

[00168] As with previous embodiments, multiple actuation wires can be coupled to the
outer frame assembly of the prosthetic valve and used to help revert and manipulate the
prosthetic valve into a desired position within the heart, and then can be released from the valve
when the desired positioning has been achieved. More specifically, the outer frame of the valve
can include loops through which the actuation wires 874-877 can be threaded or received
therethrough in the same or similar manner as described herein (e.g., with respect to valve 500)
and/or in the ‘305 PCT application. For example, if the outer frame includes 12 loops, each
actuation wire 874, 875 and 876 can be threaded through 4 of the loops. In other embodiments,
there can be a different number of loops disposed on the outer frame and there can be a different
number of actuation wires. Further, each actuation wire can be threaded or received through a
different number of loops than shown for this embodiment. In some embodiments, the
actuation wires can be coupled to (e.g., threaded through) the outer frame at a second set of
loops disposed at a location between the free end of the outer frame and where the outer frame

is attached to the inner frame. An example of such an embodiment is shown in FIG. 48.

[00169] FIG. 40 illustrates an embodiment of an actuation wire 874 that can be used
with delivery device 805. It should be understood that this is just one example of a
configuration of an actuation wire that can be used. Other alternative embodiments can be
used, such as, for example, those described above with reference to FIGS. 31A-31D and
described below with reference to FIGS. 46 and 53-57. The actuation wire 874 includes a
center loop 809 and two end loops 807 and 811. The center loop 809 is connected to the end
loop 807 by a strand 817 and the center loop 809 is connected to the end loop 811 by a strand
813. Actuation wires 875 and 876 can be constructed the same as actuation wire 874 or have
a different construction. As shown in FIGS. 36B-38, the end loops 807 and 811 can be pinned
by pins 878 between the center retention member 866 and the distal retention member 868 and
the center loops 809 can be pinned by pins 888 between the center retention member 866 and
the proximal retention member 864 More specifically, FIGS. 36B-38 show the center loop 809
of actuation wire 874 pinned by a pin 878 and the end loops 807 and 811 pinned by a pin 888,
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and the center loop 809 of the actuation wire 876 pinned by a pin 878 and the end loops 807
and 811 pinned by pins 888. In some embodiments, the actuation wires 874-876 are also routed
through apertures (not shown in FIGS. 36A-38) defined by the valve holder 838. This helps
maintain the actuation wires 874-876 close to the valve holder 838 and within the lumen of the

delivery sheath 826 during delivery.

[00170] FIGS. 41A and 41B illustrate the pinning of the loops of the actuation wires
874, 875 and 876. An end view of the proximal retention member 864 is shown in FIG. 41A
and an end view of the center retention member 866 (distal retention member 868 is not shown
in FIGS. 41A and 41B) to help illustrate how the loops and actuation wires are routed/pinned
to the retention device 860. The routing of the actuation wires through the prosthetic valve is
not shown in FIGS. 41A and 41B for ease of illustration. As shown in FIG. 41A, the center
loop 809 of actuation wire 874 is pinned by a pin 878 at A, the center loop 809 of actuation
wire 875 is pinned by a pin 878 at B and the center loop 809 of the actuation wire 876 is pinned
by a pin 878 at C. As shown in FIG. 41B, the end loop 807 and the end loop 811 of actuation
wire 874 are both pinned by a pin 888 at D; the end loop 807 and the end loop 811 of actuation
wire 875 are both pinned by a pin 888 at E, and the end loop 807 and the end loop 811 of
actuation wire 876 are both pinned by a pin 888 at F.

[00171] In operation, the loops 809 of the actuation wires 874-876 are placed over the
pins 878 (as shown in FIG. 36B). The retention device 860 is actuated to move the center
retention member 866 proximally such that the pins 878 are received in the apertures 863 of
the proximal retention member 864, pinning the loops 809 (i.e., middle loop) of actuation wires
874-876 by pins 878 (as shown in FIG. 36C). The loops 807, 811 of the actuation wires 874-
876 are placed over the pins 888 (as shown in FIG. 36B) and the distal retention member 868
is actuated to move the distal retention member 868 proximally toward the center retention
member 866 such that the pins 888 are received in the apertures 861 of the distal retention
member 868, pinning the loops 807, 811 (i.e., end loops) of the actuation wires 874-876 by
pins 888 (as shown in FIG. 36D). The actuation of the distal retention member 868 can be
done either sequentially or simultaneously with the actuation of the center retention member
866. In other embodiments, the movement of the various retention members can be varied.
For example, in some embodiments, the distal retention member 868 can be fixedly attached
to the tube member 815 and the proximal retention member 864 can be moved relative to the

center retention member 866. Further, the order of placing the loops on the pins can be varied
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and the order of actuating the distal retention member 868 and the center retention member 866

can be varied.

[00172] With the actuation wires 874-876 pinned to the tube member 815, during
deployment of the prosthetic valve 800 within a heart, a user (e.g., physician) can use the tube
member 815 to control and/or manipulate movement of the valve (to which the actuation wires
are coupled) as described in more detail below. The procedure to deliver the valve to the heart
can be the same as or similar to any of the procedures described herein, in the ‘572 PCT
application or in the ‘305 PCT application above. For example, a valve, disposed within the
delivery system 805 in an inverted configuration, can be delivered to the left atrium of the heart
in the same or similar manner as described with reference to FIGS. 43-48 in the ‘305 PCT

application.

[00173] With the distal end portion of the delivery sheath 826 disposed within the left
atrium of the heart, the valve 800 can be deployed outside of the delivery sheath 826. For
example, the valve holder 838 and tube member 815 can be moved distally relative to the outer
sheath 826, moving or pushing the valve 800 outside the lumen 882 of the outer sheath 826.
In addition, or alternatively, the outer sheath 826 can be moved or pulled proximally, leaving
at least a portion of the valve 800 disposed within the heart. In some cases, a tether coupled to

the valve 800 can be used to help pull the valve out of the lumen 882 of the outer sheath 826.

[00174] As described above for previous embodiments, as the outer frame of the valve
becomes unconstrained by the outer sheath 826, the outer frame can begin to revert to its
_ expanded or uninverted configuration. The actuation wires 874-876 can be used to control the
reversion of the outer frame. More specifically, the tube member 815 can be pulled proximally
such that the actuation wires (pinned to the tube member 815) pull the distally disposed portion
of the outer frame proximally in a controlled manner and such that the reversion of the outer

frame from its inverted configuration relative to the inner frame of the valve can be controlled.

[00175] In addition, as described above for previous embodiments, in some instances,
the actuation wires 874-876 can assist in the articulation and placement of the valve into its
destination (e.g., a native annulus of an atrioventricular valve of a heart). For example, the
actuation wires 874-876 can also be used to constrain, collapse, or otherwise move the valve
(e.g., radially compress the outer frame of the valve) after the valve exits the outer sheath 826

and is in its reverted, expanded or partially expanded configuration. More specifically, in this
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embodiment, the tube member 815 with the actuation wires 874-876 pinned thereto, can be
manipulated by a user to move or urge the outer frame to a more compressed configuration by
pulling or moving the tube member 815 proximally. This may be desirable, for example, to
reposition the valve within the heart before fully deploying the valve. An example

repositioning procedure is shown in FIGS. 49A-49D and described below.

[00176] When the outer frame of the valve is disposed in its non-inverted and at least
partially expanded configuration, and is in a desired position within the heart, the inner frame
can be deployed. As described above for valve 400, in some embodiments, to decouple the
inner frame from the valve holder 838, the valve holder 838 can be moved distally and/or an
inner sheath (not shown) can be moved proximally such that the valve holder 838 is disposed
outside of the lumen of the inner sheath. As such, the couplers (e.g., 406, 506) can be released
from the recesses (404, 504) releasing or decoupling the inner frame from the valve holder 838.
In some embodiments in which the valve holder 838 includes an inner member that holds the
couplers within the valve holder 838, the inner member can be moved distally to release the
couplers from the valve holder 838. When the inner frame is released from the valve holder
838 and disposed outside the delivery sheath 826, the inner frame can assume its biased

expanded configuration.

[00177] The actuation wires 874-876 can also be released or decoupled from the outer
frame before or after the inner frame is released from the valve holder 838. In this embodiment,
to decouple the actuation wires 874-876 from the outer frame, the end loops 807, 811 of the
actuation wires 874-876 can be unpinned or decoupled from the tubular member 815 by
actuating the distal retention member 868 to release the loops 807, 811 from the pins 888. The
center loops 809 of the actuation wires 874-876 remain pinned by the pins 878 and thus the
actuation wires 874-876 remain coupled to the tube member 815. With the center loop 809 of
each of the actuation wires 874-876 coupled to the tube member 815 (via pinning members
878 in this example), the tube member 815 can be pulled proximally, which in turn will pull
the ends of the actuation wires 874-876 out of the loops of outer frame of the valve. Thus with
the actuation wires 874-876 detached from the outer frame, the outer frame can assume a biased

expanded or partially expanded configuration.

[00178] As described above for previous embodiments, the actuation wires 874-876 can
be decoupled from the outer frame at any suitable sequence or time period within the procedure.

For example, in some instances it may be desirable for the actuation wires 874-876 to be
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released after the valve has at least partially exited the delivery sheath 826 but before the valve
is seated within the native annulus of the atrioventricular valve. In other instances, for example,
the actuation wires 874-876 can be released after the valve has at least partially exited the outer
delivery sheath 826 and after the valve is seated within the native annulus of the atrioventricular

valve.

[00179] In some embodiments, the pins 898 of the retention device 860 can have
different lengths resulting in different lengths for the pin portions 878 and 888 (see, e.g., pins
1298 in FIG. 60). In some embodiments, the pins 898 may have the same length but are
disposed such that the pin portions 878 and 888 have different lengths. For example, as shown
in FIG. 39, the delivery device 805" is shown with pin portions 878 having different lengths
and pin portions 888’ having different lengths. In other words, the pins 878" extending on the
proximal side of the center retention member 866 each have different lengths, and the pins 888’
extending on the distal side of the center retention member 866 each have a different length.
In such an embodiment, additional control over the release of the actuation wires can be
achieved. For example, as shown in FIG. 39, a slight amount of movement of the distal
retention member 866 could release the loop of an actuation wire retained by the shorter pin
888’, while the loop pinned by the longer pin 888’ would remain pinned. Similarly, a slight
movement of the center retention member 866 could release the loop pinned by the shorter pin

878’, while the loop pinned by the longer pin 878 would remain pinned.

[00180] FIGS. 42-48 illustrate another embodiment of a delivery system 905 (also
referred to as a “delivery device”) that can be used to deliver and deploy a prosthetic heart
valve 900 (see FIGS. 46-48) within a heart in a procedure similar to or the same as the
procedures described with respect to other embodiments described herein and embodiments
described in the ‘305 PCT application. Thus, some details regarding the valve and procedures
performed therewith are not described herein. It should be understood that for features and
functions not specifically discussed, those features and functions can be the same as or similar
to the valves described herein (e.g., the valve 200, 500) and/or in the ‘305 PCT application.
The valve 900 can be constructed the same as or similar to, and function the same as or similar
to any of the valves described herein (e.g., valves 100, 200, 400, 500) and/or in the ‘305 PCT
application. For example, the valve 900 includes an outer frame assembly 910 that has an outer
frame 920, an inner valve assembly 940 that has an inner frame 950, and a tether (not shown)

coupled to the inner valve assembly 940.
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[00181] The delivery system 905 can include the same or similar components as delivery
systems 505 or 805 described above. The delivery system 905 includes an outer delivery sheath
926, a valve holder 938 (also referred to as a “pusher”), and an elongate tube member 915 (also
referred to as “tube” or “tube member”) which can be slidably disposed within a lumen 982 of
the delivery sheath 926 and can be coupled to retention components that can be used to secure
and release actuation wires 974, 975 and 976 in the same or similar manner as described above
for delivery system 805. The valve holder 938 can be coupled to an elongate member 937 (see,
e.g., FIG. 47) that can be movably disposed within a lumen (not shown) defined by the elongate

tube member 915 and a lumen defined by a retention device 960 described below.

[00182] As with other embodiments described herein and embodiments of the ‘305 PCT
application, the delivery system 905 can be used to deliver a valve that can be moved from a
biased expanded configuration to an inverted configuration for delivery of the valve to the
heart. To deploy the valve within a heart, the outer frame 920 of the valve 900 can be moved
to an inverted configuration (as shown in FIG. 46) relative to the inner frame 950 as described

above for previous embodiments and placed within a distal end portion of the lumen 982 of the
delivery sheath 926.

[00183] The inner frame 950 of the valve 900 can be releasably coupled to the valve
holder 938 via couplers (not shown) that are received within corresponding recesses (not
shown) defined by the valve holder 938 in the same or similar manner as described above for
delivery system 405 (see, e.g., FIGS. 26A-26C). In this manner, the valve holder 938 can be
used to hold the valve 900 to aid in the control and manipulation of the valve 900 as it is
delivered and deployed. In this embodiment, the valve holder 938 includes an inner member
(not shown) that is movably disposed within an interior of the valve holder 938. The inner
member can be moved to the interior of the valve holder 938 to retain the couplers within the
recesses of the valve holder 938. To release the valve 900 from the valve holder 938, the inner
member is moved distally to release the couplers from the recesses and in turn, release the

valve 900 from the valve holder 938.

[00184] As with the previous embodiment, the elongate tube member 915 is coupled to
a retention device 960 that includes retention components or members that are coupled together
coaxially and can be actuated to secure and release actuation wires coupled to the delivery
system 905. The retention device 960 includes a first or proximal retention member 964 fixedly

coupled to a distal end portion of the tube member 915, a second or center retention member
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966 movably coupled to the proximal retention member 964 and a third or distal retention
member 968 movably coupled to the center retention member 966. The center retention
member 966 can be coupled to the proximal retention member 964 via an actuation rod 965
(FIGS. 42-43), and the distal retention member 968 can be coupled to the center retention
member 966 and to the proximal retention member 964 via a second actuation rod (not shown).
The actuation rods can extend to a proximal end of the delivery device 905 and be operably
coupled to a handle assembly (not shown). Multiple pins 998 are fixedly attached to the center
retention member 966 that include multiple proximal pins 978 (see e.g., FIGS. 42-43) that
extend proximally and multiple distal pins 988 (see e.g., FIG. 44) that extend distally. The pins
978 and 988 can be used to releasably hold actuation wires 974, 975 and 976 to the delivery
device 905 in the same or similar manner as described above delivery system 905. For
example, the pins 978 can be received within apertures/lumens (not shown) defined by the
proximal retention member 964 and the pins 988 can be received within apertures/lumens (not

shown) defined by the distal retention member 968.

[00185] As with previous embodiments, multiple actuation wires can be coupled to the
outer frame assembly 910 of the prosthetic valve 900 and used to help revert and manipulate
the prosthetic valve 900 into a desired position within the heart, and then can be released from
the valve when the desired positioning has been achieved. More specifically, the outer frame
920 of the valve 900 includes loops 962 (see FIG. 48) at a free end portion of the outer frame
920 through which the actuation wires 974-976 can be threaded or received therethrough in the
same or similar manner as described herein (e.g., with respect to valve 500) and/or in the 305
PCT application. In this embodiment, the outer frame 920 also includes a second row of loops
958 through which the actuation wires can also be threaded. Having two rows of loops on the
outer frame 920 to receive the actuation wires can help assist with the flipping or reverting of
the outer frame 920 during delivery. The two rows of loops on the outer frame 920 can also
help reduce tension on the cuff or free end portion of the outer frame when the actuation wires

are pulled during the reverting.

[00186] FIGS. 69A and 69B illustrate force vectors associated with forces applied to the
outer frame 920 when being pulled by the actuation wires to revert/flip the outer frame 920
during delivery of the prosthetic valve. FIG. 69A illustrates the force vectors associated with
the outer frame when the outer frame is initially being reverted/flipped. As shown in FIG. 69A,

the force vectors associated with the loops (e.g., 962) at the outer tip or cuff of the outer frame
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are opposite of the force vectors associated with the loops (e.g., 958) at the middle portion of
the outer frame where the actuation wire are coupled to the outer frame. This causes a hinge
effect to the cuff of the outer frame when being pulled and helps revert the outer frame from
its inverted configuration relative to the inner frame of the valve. As the outer frame is further
reverted, the force vectors associated with the loops (e.g., 962) at the outer tips and the force
vectors associated with the loops (e.g., 958) at the middle portion of the outer frame are in the
same direction as shown in FIG. 69B. At this point of the reversion, the outer frame has been
reverted past the loops at the middle portion and as the actuation wires are pulled further
proximally, having all forces pulling in the same direction (proximally) can help to fully revert

the outer frame.

[00187] In addition, when the outer frame is being reverted by pulling the actuation
wires proximally, the routing of the actuation wires through two rows of loops on the outer
frame helps reduce the profile of the outer frame during the reverting/flipping. When the outer
frame has been reverted and the inner frame is released from the valve holder, and when tension
is applied to the actuation wires they can function as purse strings at both the cuff tips of the
outer frame and the middle portion of the outer frame to pull in or reduce the outer profile of
the outer frame and the valve overall. The reduced profile helps during the positioning of the

valve within an annulus (e.g., mitral valve annulus) of the heart.

[00188] The actuation wires 974, 975, 976 are also routed through apertures 935 (see
FIG. 47) defined by the valve holder 938 as shown in FIGS. 46 and 47. This helps maintain
the actuation wires 974-976 close to the valve holder 938 and within the lumen of the delivery

sheath 926 during delivery.

[00189] FIGS. 50-52 illustrate an embodiment of an actuation wire 974 that can be used
with delivery device 905. Further details regarding the construction of the actuation wires 974
are described below with respect to FIGS. 50-52. Other configurations of an actuation wire
can alternatively be used as described above. The actuation wire 974 can be the same as or
similar to the actuation wire 874 and includes a center loop 909 and two end loops 907 and 911
and two strands 913 and 917. Actuation wires 975 and 976 can be constructed the same as
actuation wire 974 or have a different construction. As shown, for example, in FIGS. 43-45,
the actuation wires 974-976 can be pinned to the retention device 960 in the same manner as
described above for delivery system 805, and therefore, some details are not described with

respect to this embodiment. More specifically, the end loops 907 and 911 can be pinned by
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pins 988 between the center retention member 966 and the distal retention member 968 and the
center loops 909 can be pinned by pins 978 between the center retention member 966 and the
proximal retention member 964. As described above, the outer frame 920 has two rows of
loops 962 and 958. As shown in FIG. 48, in this embodiment, each actuation wire 974, 975,
976 is routed through four outer loops 962 and four loops 958 of the outer frame 920. For
example, the center loop 909 of actuation wire 974 is pinned to the proximal retention member
964 and strands 913 and 917 of actuation wire 974 are each routed through two outer loops 962

and two loops 958 of the outer frame 920. Actuation wires 975 and 976 are similarly routed.

[00190] In operation, the loops 909 of the actuation wires 974-876 are placed over the
pins 978 (as shown in FIG. 43) and the retention device 960 is actuated to move the center
retention member 966 proximally such that the pins 978 are received in the apertures of the
proximal retention member 964, pinning the loops 909 (i.e., middle loop) of actuation wires
974-976 by pins 978 (as shown in FIG. 44). The loops 907, 911 of the actuation wires 974-
976 are placed over the pins 988 and the distal retention member 968 is actuated to move the
distal retention member 968 proximally toward the center retention member 966 such that the
pins 988 are received in the apertures of the center retention member 966, pinning the loops
907, 911 (i.e., end loops) of the actuation wires 974-976 by pins 988 (as shown in FIG. 45).
The actuation of the distal retention member 968 can be done either sequentially or
simultaneously with the actuation of the center retention member 966. In other embodiments,
the movement of the various retention members can be varied. For example, in some
embodiments, the distal retention member 968 can be fixedly attached to the tube member 915
and the proximal retention member 964 can be moved relative to the center retention member
966. Further, the order of placing the loops on the pins can be varied and the order of actuating

the distal retention member 968 and the center retention member 964 can be varied.

[00191] With the actuation wires 974-976 pinned to the tube member 915, during
deployment of the prosthetic valve within a heart, a user (e.g., physician) can use the tube
member 915 to control and/or manipulate movement of the valve (to which the actuation wires
are coupled) as described in more detail below. The procedure to deliver the valve 900 to the
heart can be the same as or similar to any of the procedures described herein, in ‘572 PCT
application or in the ‘305 PCT application above. For example, the valve 900, disposed within

the delivery system 905 in an inverted configuration, can be delivered to the left atrium of the
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heart in the same or similar manner as described with reference to FIGS. 43-48 in the <305 PCT

application.

[00192] With the distal end portion of the delivery sheath 926 disposed within the left
atrium of the heart, the valve 900 can be deployed outside of the delivery sheath 926 as shown
in FIG. 46. FIG. 46 illustrates the valve 900 still in the inverted configuration, but
unconstrained by the delivery sheath 926. As described for previous embodiments, the valve
holder 938 and tube member 915 can be moved distally relative to the outer sheath 926, moving
or pushing the valve 900 outside the lumen 982 of the outer sheath 926. In addition, or
altemétively, the outer sheath 926 can be moved or pulled proximally, leaving at least a portion
of the valve 900 disposed within the heart. In some cases, a tether coupled to the valve can be

used to help pull the valve out of the lumen 982 of the outer sheath 926.

[00193] As described above for previous embodiments, as the outer frame 920 of the
valve 900 becomes unconstrained by the outer sheath 926, the outer frame 920 can begin to
revert to its expanded or uninverted configuration. The actuation wires 974-976 can be used
to control the reversion of the outer frame 920. More specifically, the tube member 915 can
be pulled proximally such that the actuation wires (pinned to the tube member 915) pull the
distally disposed portion of the outer frame 920 proximally in a controlled manner and such
that the reversion of the outer frame 920 from its inverted configuration (FIG. 46) relative to
the inner frame 950 of the valve 900 can be controlled. FIG. 48 illustrates the valve 900 when
the outer frame 920 has reverted from its inverted delivery configuration and has assumed its

biased expanded configuration.

[00194] In addition, as described above for previous embodiments, in some instances,
the actuation wires 974-976 can assist in the articulation and placement of the valve into its
destination (e.g., a native annulus of an atrioventricular valve of a heart). For example, the
actuation wires 974-976 can also be used to constrain, collapse, or otherwise move the valve
(e.g., radially compress the outer frame of the valve) after the valve exits the outer sheath 926
and is in its reverted, expanded or partially expanded configuration. More specifically, in this
embodiment, the tube member 915 with the actuation wires 974-976 pinned thereto, can be
manipulated by a user to move or urge the outer frame to a more compressed configuration by
pulling or moving the tube member 915 proximally. This may be desirable, for example, to
reposition the valve within the heart before fully deploying the valve. Such a repositioning

procedure is shown and described with respect to FIGS. 49A-49D.
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[00195] When the outer frame 920 of the valve 900 is disposed in its non-inverted and
at least partially expanded configuration, and is in a desired position within the heart, the inner
frame 950 can be deployed. As described above, in some embodiments, to decouple the inner
frame 950 from the valve holder 938, the inner member (not shown) of the valve holder 938
can be moved distally to release the couplers (e.g., 406, 506) from the recesses (404, 504) of
the valve holder 938, releasing or decoupling the inner frame 950 from the valve holder 938.
When the inner frame 950 is released from the valve holder 938 and disposed outside the

delivery sheath 926, the inner frame can assume its biased expanded configuration.

[00196] The actuation wires 974-976 can be released or decoupled from the outer frame
920 before or after the inner frame 950 is released from the valve holder 938. As with the
previous embodiment, to decouple the actuation wires 974-976 from the outer frame 920, the
end loops 907, 911 of the actuation wires 974-976 can be unpinned or decoupled from the
tubular member 915 by actuating the distal retention member 968 to release the loops 907, 911
from the pins 988. The center loops 909 of the actuation wires 974-976 remain pinned by the
pins 978 and thus the actuation wires 974-976 remain coupled to the tube member 915. With
the center loop 909 of each of the actuation wires 974-976 coupled to the tube member 915
(via pinning members 978 in this example), the tube member 915 can be pulled proximally,
which in turn will pull the ends of the actuation wires 974-976 out of the loops 962, 958 of
outer frame 920 of the valve 900. Thus with the actuation wires 974-976 detached from the
outer frame 920, the outer frame 920 can assume a biased expanded or partially expanded

configuration.

[00197] As described above for previous embodiments, the actuation wires 974-976 can
be decoupled from the outer frame 920 at any suitable sequence or time period within the
procedure. For example, in some instances it may be desirable for the actuation wires 974-976
to be released after the valve 900 has at least partially exited the delivery sheath 926 but before
the valve 900 is seated within the native annulus of the atrioventricular valve. In other
instances, for example, the actuation wires 974-976 can be released after the valve 900 has at
least partially exited the outer delivery sheath 926 and after the valve is seated within the native

annulus of the atrioventricular valve.

[00198] FIGS. 49A-49D illustrate use of the delivery device 905 to position the valve
900 within an annulus of a native mitral valve. The configuration and operation of the retention

device 960 and delivery device 905 provides the ability to add tension to the actuation wires
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974-976 by moving the retention device 960 proximally within the lumen 982 of the delivery
sheath 926 as shown in FIG. 49A. This pulls the cuff tips or outer free end portions of the outer
frame assembly 910 toward the valve holder 920 and reduces the overall profile of the valve
900. When the actuation wires are formed of, for example a fiber (e.g., a suture material), the
valve 900 is able to hinge freely at the valve holder 938, allowing the valve 900 to turn into the
mitral annulus under a minimal turn radius. When within the mitral annulus, the tension on the
actuation wires can be released as shown in FIGS. 49B and 49C. If the valve 900 is positioned
in an undesirable position within the annulus, either axially or radially, tension on the actuation
wires can be reapplied as shown in FIG. 49D. In this position (as shown in FIG. 49D), the
valve 900 can be axially or radially repositioned by moving the valve holder 938 forward or
backward, or by rotating/turning the valve holder 938. Because the actuation wires are nested
or coupled within the valve holder 938, the motion of the valve holder 938 is transferred to the
valve 900. When the valve 900 is repositioned in a desired position within the annulus, the
actuation wires can be released from the valve 900 as described above by actuating the retention
device 960 to release the end loops of the actuation wires (maintaining the center loops coupled
to the retention device 960). The valve holder 938 and tube member 915 can then be moved
proximally to pull the end loops out of the loops of the outer frame 920. In some embodiments,
the valve holder 938 can be maintained in its position, while the tube member 915 is pulled
proximally to pull the end loops of the actuation wires out of the outer frame 920. For example,
when the valve is positioned in the annulus, after releasing the end loops from the retention
device 960, the valve holder 938 can help maintain the valve in a desired position with the
annulus. This may be desirable for example, to prevent or limit the cuff of the outer frame
assembly 910 from pulling in as the end loops are being pulled through the loops 962 and 958

on the outer frame 920.

[00199] The configurations of the actuation wires described herein and used with the
delivery devices to deploy a prosthetic valve are constructed such that the loops can be easily
released from the delivery system when needed, and can smoothly route through the valve to
disengage after deployment of the valve. The loops of the actuation wires can be constructed
by various processes including a bifurcation process, a sewing process or both. The actuation
wires can be formed with, for example a fiber material or a braided material, such as used with
sutures. The delivery devices described herein can also be used with actuation wires formed
and constructed by different methods and have various configurations, such as, for example,

the actuation wires described above with reference to FIGS. 31A-31D.
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[00200] FIGS. 50-52 illustrate an actuation wire 974 that can be used with the delivery
devices described herein. The actuation wire 974 can be configured the same as actuator wire
874 and includes a center loop 909 (also labeled A) and two end loops 907 (also labeled C) and
911 (also labeled B). The center loop 909 is connected to the end loop 907 by a strand 917
(also labeled E) and the center loop 909 is connected to the end loop 911 by a strand 913 (also
labeled D).

[00201] FIGS. 51-52 illustrate a braiding and sewing process to form the loops 909, 907,
911. For ease of discussion, reference will be made to reference labels A-E. Actuation wire
974 is formed with two sub-sections: a first section that includes loop B and strand D and a
second section that includes loop C and strand E. FIG. 51 is an enlarged view of loop C. Loop
C can be formed by braiding half the files (i.e., filers or filaments) of the material that forms
strand E and loop C around a mandrel, and then recombining the files and braiding them
together to form loop C. For example, if strand E is a 16 file braid, then loop C will be formed
of an 8 file braid. Thus, there is no increase in the profile or thickness when transitioning from
strand E to loop C. There are also no raised portions or steps between C and E and no sewing
to form loop C. Such a construction leads to ease of removal of the actuation wire 974 when
being removed/withdrawn from the prosthetic valve. To form loop A (the center loop), the
non-looped end of the first section (C and E) is doubled back on itself and sewn to itself to
form loop A as shown in FIG. 52. Also as shown in FIG. 52, strand E can also be sewn to
strand D of the second section (strand D and loop B). Loop B can be formed in the same

manner as loop C.

[00202] FIGS. 53-55 illustrate an actuation wire 1074 that can be used with the delivery
devices described herein. The actuation wire 1074 can be configured the same as actuator
wires 874 and 974 in that it includes a center loop 1009 (also labeled F) and two end loops
1007 (also labeled G) and 1011 (also labeled H). The center loop 1009 is connected to the end
loop 1007 by a strand 1017 (also labeled J) and the center loop 1009 is connected to the end
loop 1011 by a strand 1013 (also labeled ).

[00203] FIGS. 53-55 illustrate a bifurcation process to form the loops 1009, 1007, 1011.
For ease of discussion, reference will be made to reference labels F-I. Actuation wire 1074 is
formed from a single strand (e.g., braided filament) with three bifurcations/unifications to
create the loops F, G and H. FIG. 54 is an enlarged view of loop H (loop G is the same) and
FIG. 55 is an enlarged view of the loop F. As shown in FIGS. 53-53, the bifurcation process
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results in a small tail portion on loops G and H. As with actuation wire 974, the formation of
actuation wire 1074 can result in no increase in the profile or thickness of the strand where it
transitions from strand portions to the loops (e.g., strand I to loop H or strands I and J to loop

F). There are also no raised portions or steps between the strands and the loops.

[00204] FIGS. 56-58 illustrate a portion of another actuation wire 1174 that can be used
with the delivery devices described herein. The actuation wire 1174 can be configured the
same as actuator wires 874, 974 and 1074 in that it includes a center loop (not shown) and two
end loops (only end loop 1107 is shown). The center loop of actuation wire 1174 can be formed
in the same manner as described above for either actuation wire 974 or actuation wire 1074.
FIGS. 56-58 illustrate another method to form the end loops. Only end loop 1107 is described,
but it should be understood that the end loop on the other end of the actuation wire can be

constructed the same.

[00205] As shown in FIG. 56, a guide rod 1119 is glued or otherwise affixed to the end
of the strand 1117. The guide rod 1119 is then inserted back into the material of the strand
1117 to lead the strand 1117 into itself for approximately 2 inches, effectively make a loop
1107 with a “Chinese finger” method of securement, as shown in FIGS. 57 and 58. The guide
rod 1119 is pulled back out through a side of the strand 1117 and then removed (e.g., cut) from
the strand 1117.

[00206] FIGS. 59A-64B illustrate a retention device 1260 that can be included with any
of the delivery devices described herein, and used to retain and release actuation wires coupled
to a prosthetic valve during delivery of the prosthetic valve to a heart of a patient. The function
and operation of the retention device 1260 can be the same as or similar to the previous

embodiments, and therefore, some details are not described with respect to this embodiment.

[00207] The retention device 1260 includes a first or proximal retention member 1264
that is fixedly coupled to a distal end portion of the tube member (not shown) as described
above for previous embodiments, a second or center retention member 1266 that is movably
coupled to the proximal retention member 1264 and a third or distal retention member 1268
that is movably coupled to the center retention member 1266 and the proximal retention
member 1264. The center retention member 1266 can be coupled to the proximal retention
member 1264 via a first actuation rod (not shown), and the distal retention member 1268 can

be coupled to the center retention member 1266 and to the proximal retention member 1264
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via two second actuation rods (not shown) in the same or similar manner as described above

for previous embodiments.

[00208] The actuation rods can extend to a proximal end of the delivery device to which
the retention member 1260 is attached and be operably coupled to a handle assembly (not
shown). For example, the second actuation rods can extend into apertures/lumens 1241 defined
by the distal retention member 1268 and be fixedly attached to the distal retention member
1268, slidably extend through apertures/lumens 1248 defined by the center retention member
1266 and through apertures/lumens 1249 defined by the proximal retention member 1264 such
that the distal retention member 1268 can be slidably moved relative to the center retention
member 1266 and the proximal retention member 1264. The first actuation rod can extend
within an aperture 1248 of the center retention member 1266 and be fixedly attached thereto,
and slidably extend through an aperture 1249 of the proximal retention member 1264 such that
the center retention member 1266 can be slidably moved relative to the proximal retention
member 1264. The proximal retention member 1264 can be fixedly attached to the tube
member (not shown) with a connecting rod (not shown). For example, the connecting rod can
extend into an aperture 1257 defined at the proximal end of the proximal retentioﬁ member
1264 and be fixedly attached thereto such that the proximal retention member 1264 can move

with the tube member.

[00209] The retention device 1260 defines a lumen through which a valve holder (as
described herein) can be movably disposed. For example, each of the distal retention members
1268 defines a lumen 1251, the center retention member 1266 defines a lumen 1253 and the
proximal retention member 1264 defines a lumen 1255. A valve holder and elongate member

coupled thereto can be movably disposed within each lumen of the retention device 1260.

[00210] In this embodiment, the retention device 1260 includes three pins 1298 that are
fixedly attached to the center retention member 1266 and that can be used to releasably hold
actuation wires to a delivery device in the same or similar manner as described above for
previous embodiments. The pins 1298 can be, for example, welded to the center retention
member 1266. In this embodiment, the pins 1298 extend through apertures/lumens 1272
defined by the center retention member 1266 and are fixedly attached thereto. The pins 1298
include a proximal pin portion 1278 that extends between the center retention member 1266
and the proximal retention member 1264, and a distal pin portion that extends between the

center retention member 1266 and the distal retention member 1268. As shown in FIG. 60, the

33

Date Regue/Date Received 2021-06-24



H8325227CA

pins 1298 each have a different length. As described for previous embodiments, the pin
portions 1278 can be received within apertures 1263 defined by the proximal retention member
1264 and the pin portions 1288 can be received within apertures 1261 defined by the distal

retention member 1268.

[00211] FIGS. 65-68 illustrate an embodiment of a valve holder 1338 that can be used
or included with a delivery system as described herein. The valve holder 1338 can be attached
to an elongate member (no shown) such as elongate member 837 and 937 described above.
The valve holder 1338 and elongate member can be movably disposed within a lumen (not
shown) defined by an elongate tube member (e.g., 815, 915) and a lumen(s) defined by a
retention device (e.g., 860, 960, 1260) of a delivery system described herein. In this
embodiment the valve holder 1338 includes an insert or inner member 1322 that can be
movably disposed within an interior region 1328 defined by an outer capsule 1324. For
example, the insert 1322 of the valve holder 1338 can be operably coupled to a handle assembly
via an actuation rod that extends through a lumen of the elongate member (e.g., 837, 937) that
can be actuated to move the insert 1322 proximally and distally relative to the outer capsule
1324. In an alternative embodiment, the capsule 1324 of the valve holder 1338 can be operably
coupled to a handle assembly via an actuation rod that extends through a lumen of the elongate
member (e.g., 837, 937) that can be actuated to move the capsule 1324 proximally and distally

relative to the inner insert 1322.

[00212] The insert 1322 defines recesses 1304 to which corresponding couplers (e.g.,
couplers 406) of the inner frame (not shown) of a prosthetic valve (not shown) can be releasably
coupled in the same or similar manner as described above for delivery system 405 (see, e.g.,
FIGS. 26A-26C). In this manner, the valve holder 1338 can be used to hold the prosthetic
valve to aid in the control and manipulation of the prosthetic valve as it is delivered and
deployed. The insert 1322 is movably disposed within the interior region 1328 (see FIG. 68)
of the capsule 1324. For example, the insert 1322 can be moved distally relative to the capsule
1324 such that the recesses 1304 are disposed outside the capsule 1324 (as shown in FIGS. 65
and 66) and the couplers on the valve can be inserted/placed within the recesses 1304. The
insert 1322 can then be moved proximally relative to the capsule 1324 such that the insert 1322,
along with the attached couplers, are moved to a position inside the interior region 1328 of the
capsule 1324 and the couplers are unable to be removed from the valve holder 1338. To release

the valve couplers from the valve holder 1338, the insert 1322 is moved distally relative to the
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capsule 1324 such that the recesses 1304 are again disposed distally outside of the interior of
the capsule 1324, which in turn, allows the couplers of the valve to be released from the insert
1322 and valve holder 1338.

[00213] In an embodiment with the capsule 1324 movable relative to the insert 1322,
the capsule 1324 can be moved proximally relative to the insert 1322 such that the recesses
1304 are disposed outside the capsule 1324 (as shown in FIGS. 65 and 66) and the couplers on
the valve can be inserted/placed within the recesses 1304. The capsule 1324 can then be moved
distally relative to the insert 1322 such that the insert 1322, and the attached couplers, are
disposed inside the interior region 1328 of the capsule 1324 and the couplers are unable to be
removed from the valve holder 1338. To release the valve couplers from the valve holder 1338,
the capsule 1324 is moved proximally relative to the insert 1322 such that the recesses 1304
are again disposed distally outside of the interior 1328 of the capsule 1324, which in turn,

allows the couplers of the valve to be released from the insert 1322 and valve holder 1338.

[00214] The capsule 1324 defines apertures 1335 through which actuation wires can be
routed as described above for previous embodiments. For example, as shown for valve holder
938, each strand (e.g., 913, 917) of an actuation wire (e.g., 974) can be pinned by the retention
device (e.g., 960) and routed through an aperture 1335 of the capsule 1324, pass through a loop
or loops of the prosthetic valve and then pass back through the aperture 1335 and be pinned by
the retention device. Thus, in an embodiment with three actuation wires and six strands, the

capsule 1324 can include six apertures 1335.

[00215] FIGS. 70-73 illustrate another embodiment of a prosthetic valve that can be
inverted for delivery of the prosthetic valve to a heart of a patient and reverted when being
deployed in the heart. Asshown in FIGS. 70-72, a prosthetic heart valve 1400 (e.g., a prosthetic
mitral valve) includes an outer frame 1420 and an inner frame 1450. The prosthetic heart valve
1400 (also referred to as “valve” or “prosthetic valve”) can include the same or similar features
as the prosthetic heart valves described herein, and therefore, some features are not described
with respect to valve 1400. For example, the prosthetic valve 1400 can include an inner valve
assembly that includes the inner frame 1450 and an outer frame assembly that includes the
outer frame 1450 and include the same or similar features as described above. The prosthetic
valve 1400 is shown in a biased expanded configuration in FIGS. 70-72, and shown in an
inverted configuration disposed within a delivery sheath 1426 of a delivery device or system

1405, in which the outer frame 1420 is inverted relative to the inner frame 1450, in FIG. 73.
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[00216] In this embodiment, the outer frame 1420 can include two rows of loops 1462
and 1458 (shown in FIG. 73) to which actuation wires 1474 and 1475 can be routed through in
the same manner as described above, for example, with respect to valve 900. The actuation
wires 1474, 1475 can be coupled to the delivery device 1405 as shown in FIG. 73, in the same
manner as described above for previous embodiments. The delivery device 1405 can include
the same or similar features and function in the same or similar manner as descried above for
previous embodiments (e.g., 805, 905). For example, the delivery device 1405 can include a
valve holder 1438 to which the inner frame 1450 can be releasably coupled during delivery of
the prosthetic valve 1400 as described above (e.g., 838, 938, 1338). The delivery device 1405

can also include a retention device (not shown) as described above (e.g., 860, 960, 1260).

[00217] The outer frame 1420 includes a cuff portion 1472 and a body portion 1473 as
described above, for example, with respect to valve 200 and outer frame 220. In this
embodiment, the cuff portion 1472 has a shape and length that can assist the reverting process
during delivery of the prosthetic valve 1400. More specifically, as shown in FIGS. 71 and 72,
in this embodiment, the cuff portion 1472 includes an added segment 1434 that has a length L
and is disposed at an angle P relative to the coincident or remaining cuff portion 1472. In other
words, the added segment 1434 is disposed at a transverse angle relative to the remaining cuff
portion 1472. The added segment 1434 can be, for example, formed integrally with the
remaining portion of the cuff portion 1472 and extend therefrom. In some embodiments, the
angle P can be, for example, 90 degrees or perpendicular (or substantially perpendicular) to the

remaining cuff portion 1472.

[00218] With the cuff portion 1472 having an additional segment 1434 disposed
perpendicular or near perpendicular to the remaining cuff portion 1472, during reversion or
flipping (using the actuation wires) of the outer frame 1420 during delivery of the valve 1400,
the cuff portion 1472 of the outer frame 1420 will “roll outward™ from delivery sheath 1426,
as shown in FIG. 73. The angled cuff portion 1472 (i.e., angle P between the segment 1434
and the remaining portion of the cuff portion 1472) helps pull the cuff tips away from the walls

of the atrium as the outer frame 1420 is reverting, which is more atraumatic to the atrium.

[00219] FIG. 73 illustrates the valve 1400 disposed within a lumen of the delivery sheath
1426 in an inverted configuration, and the valve 1400 advanced partially outside of a distal end
of the delivery sheath 1426, slightly past the segment 1434. Due to the shape of the cuff portion
1472 (with the segment 1434), the segment 1434 has exited the delivery sheath 1426
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substantially perpendicular to the coincident remaining cuff portion 1472. Because the
coincident cuff portion 1472 is still substantially linear or straight within the delivery sheath
1426, or just beginning to exit the delivery sheath 1426, the segment 1434 exits the delivery
sheath 1426 at about a 90 degree angle relative to the delivery sheath 1426. Furthermore,
because the outer frame 1420 rolls outward during the flipping/reverting, the segment 1434 has

already began that process of reverting.

[00220] As shown in FIG. 73, the shape and configuration the outer frame also changes
the force vectors F associated with the reverting/flipping of the outer frame 1420. In this
embodiment, the force vectors F go from the tip of the cuff portion 1472 (e.g., at loops 1462)
and extend at an angle back toward the outside of the delivery sheath 1426, which is in the

direction the cuff portion 1472 needs to travel to roll outward and fully revert/flip.

[00221] FIGS 74-76 illustrate another embodiment of a delivery system 1505 (also
referred to as “delivery device”) that can be used to deliver and deploy a prosthetic heart valve
within a heart in a procedure similar to or the same as the procedures described with respect to
other embodiments described herein and embodiments described in the <305 PCT application
. Thus, some details regarding the valve and procedures performed therewith are not described
with respect to this embodiment. It should be understood that for features and functions not
specifically discussed, those features and functions can be the same as or similar to the valves

described herein (e.g., the valve 200, 500) and/or in the ‘305 PCT application.

[00222] The delivery system 1505 can include the same or similar components as
delivery systems 505 or 805 described above. The delivery system 1505 can include an outer
delivery sheath (not shown) and an elongate tubular member, which can be slidably disposed
within a lumen of the delivery sheath. In some embodiments, the delivery system 1505 may
not include such an elongate member. The delivery system 1505 includes a valve holder 1538

and a retention device 1560 as described in more detail below.

[00223] As with other embodiments described herein and embodiments of the ‘305 PCT
application, the delivery system 1505 can be used to deliver a valve that can be moved from a
biased expanded configuration to an inverted configuration for delivery of the valve to the
heart. To deploy the valve within a heart, the outer frame of the valve can be moved to an
inverted configuration relative to the inner frame as described above for previous embodiments

and placed within a distal end portion of the lumen of the delivery sheath.
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[00224] The valve holder 1538 can be coupled to an elongate member 1537 that can be
movably disposed within the lumen of the delivery sheath and/or a lumen of an elongate tubular
member as described above for previous embodiments. In this embodiment the valve holder
1538 includes an insert or inner member 1522 that can be movably disposed within an interior
region 1528 defined by an outer capsule 1524. For example, the insert 1522 of the valve holder
1538 can be operably coupled to a handle assembly (not shown) via an actuation rod that
extends through a lumen of the elongate member 1537 that can be actuated to move the insert
1522 proximally and distally relative to the outer capsule 1524. In an alternative embodiment,
the capsule 1524 of the valve holder 1538 can be actuated to move proximally and distally

relative to the inner insert 1522.

[00225] The insert 1522 defines recesses 1504 to which corresponding couplers (e.g.,
couplers 406 described above) of the inner frame (not shown) of a prosthetic valve (not shown)
can be releasably coupled in the same or similar manner as described above for delivery system
405 (see, e.g., FIGS. 26A-26C). In this manner, the valve holder 1538 can be used to hold the
prosthetic valve to aid in the control and manipulation of the prosthetic valve as it is delivered
and deployed. For example, the insert 1522 can be moved distally relative to the capsule 1524
such that the recesses 1504 are disposed outside the capsule 1524 (as shown in FIGS. 74 and
75) and the couplers on the valve can be inserted/placed within the recesses 1504. The insert
1522 can then be moved proximally relative to the capsule 1524 such that the insert 1522, along
with the attached couplers, are moved to a position inside the interior region 1528 of the capsule
1524 and the couplers are unable to be removed from the valve holder 1538. To release the
valve couplers from the valve holder 1538, the insert 1522 is moved distally relative to the
capsule 1524 such that the recesses 1504 are again disposed distally outside of the interior of
the capsule 1524, which in turn, allows the couplers of the valve to be released from the insert

1522 and valve holder 1538.

[00226] The capsule 1524 defines apertures 1535 through which actuation wires can be
routed as described above for previous embodiments. For example, as shown and described
above for valve holder 938, each strand of an actuation wire can be pinned by the retention
device 1560 and routed through an aperture 1535 of the capsule 1524, pass through a loop or
loops of the prosthetic valve and then pass back through the aperture 1535 and be pinned by
the retention device 1560. Thus, in an embodiment with three actuation wires and six strands,

the capsule 1524 can include six apertures 1535. In this embodiment, the capsule 1524 also
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includes a ring 1559 that can provide a radiused, smooth surface / contact point for actuation

wires routed through the apertures 15335.

[00227] The delivery system 1505 also includes a retention device 1560 that defines a
lumen through which the elongate member 1537 can be slidably disposed. As described above
for previous embodiments, the retention device 1560 can be used to secure and release
actuation wires (not shown) in the same or similar manner as described above for delivery
system 805 and 905. The retention device 1560 includes retention components or members
that are coupled together coaxially and can be actuated to secure and release actuation wires
(not shown) coupled to the delivery system 1505. More specifically, the retention device 1560
includes a first or proximal retention member 1564, a second or center retention member and
a third or distal retention member 1568. In this embodiment, the center retention member 1566
is fixedly coupled to a proximal portion of the delivery device 1505 such as a handle assembly
(not shown). For example, as shown in FIGS. 74 and 75, arod 1567 can be fixedly attached to
the center retention member 1566 and fixedly attached to the proximal portion of the delivery
device 1505. A rod 1565 can be fixedly coupled (e.g., welded) to the proximal retention
member 1564 and can be operatively coupled to an actuation device (not shown) at the
proximal end portion of the delivery device 1505 such that it can be actuated to move relative
to the center retention member 1566. Similarly, the distal retention member 1568 can be
coupled to an actuation device at the proximal end portion of the delivery device with a rod
(not shown) such that the distal retention member 1568 can be actuated to move relative to the
center retention member 1566. The actuation devices can each be, for example a lead screw
that can be rotated to move the rod 1565 or 1567 proximally and distally, which in turn moves
the proximal and distal retention members 1564 and 1568 proximally and distally. The
actuation rod 1565 extends through an opening defined by the proximal retention member 1564
such that the rod 1565 can slidably move relative to the proximal retention member 1564.
Similarly, the rod (not shown) coupled to the distal retention member 1568 can extend through
openings in the proximal retention member 1564 and openings in the center retention member
1566 such that the rod can slidably move relative to the proximal retention member 1564 and

the center retention member 1566.

[00228] An axial wire 1555 is attached to the elongate member 1537 and each of the
proximal retention member 1564, the center retention member 1566 and the distal retention

member 1568 include a cutout 1531 keyed to ride along the axial wire 1555. In other words,
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the keyed coupling of the retention members 1564, 1566, 1568 allows them to slide along the
axial wire 1553, and thus the elongate member 1537, in an axial direction (proximal an distal),
but prevents them from rotating relative to the elongate member 1537. This allows the retention
device 1560 (e.g., retention members 1564, 1566, 1568) and the elongate member 1537 to be
rotated together in unison and prevents actuation wires attached to the retention device 1560
(e.g., 1564, 1566, 1568) from becoming entangled and wrapping around the elongate member
1537 during use to deliver and deploy a prosthetic heart valve. Multiple cutouts 1531 can be
included, as shown in FIGS. 74 and 76 such that more than one axial wire can be included
and/or the retention device 1560 (retention members 1564, 1566, 1568) can be positioned at

different radial positions along the elongate member 1537.

[00229] Three pins 1598 are fixedly attached to the center retention member 1566 and
extend through openings in the center retention member 1566 such that proximal pins or pin
portions 1578 extend proximally from the center retention member 1566, and distal pins or pin
portions 1588 extend distally from the center retention member 1566. The pins 1578 and 1588
can be used to releasably hold actuation wires to the delivery device 1505 in the same or similar
manner as described above for delivery system 805 or 905. The actuation wires can be any of
the actuation wires described herein. The pins 1578 can be received within apertures/lumens
defined by the proximal retention member 1564 and the pins 1588 can be received within
apertures/lumens defined by the distal retention member 1568. In this embodiment, the pins
1578 each extend proximally at different lengths from the center retention member 1566, and
the pins 1588 each extend distally at different lengths from the center retention member 1566.
In this embodiment, the center retention member 1566 also includes one or more spacers 1533
on each side (proximal and distal) of the center retention member 1566 (only one spacer 1533
is shown in FIG. 76). The spacers 1533 can prevent the retention members 1564, 1566, 1568
from contacting one another when actuated to secure actuation wires thereto and thus prevent
any possible damage to the actuation wires. Spacers can alternatively be included on the
proximal side of the distal retention member 1568 and on the distal side of the proximal

retention member 1564,

[00230] As with previous embodiments, multiple actuation wires can be coupled to the
outer frame assembly of the prosthetic valve to be delivered to a heart and used to help revert
and manipulate the prosthetic valve into a desired position within the heart, and then can be

released from the valve when the desired positioning has been achieved. More specifically,
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the outer frame of the valve can include loops at a free end portion of the outer frame and/or at
a second location on the outer frame as described above for valve 900, through which the
actuation wires can be threaded or received therethrough in the same or similar manner as

described herein (e.g., with respect to valve 500) and/or in the ‘305 PCT application.

[00231] To prepare the delivery device to deliver a prosthetic valve to a heart of a patient,
the actuation wires can be coupled to the valve as described above, and loops of the actuation
wires can be secured to the retention device 1560 in a similar manner as described above for
delivery devices 805 and 905. In this embodiment, to secure the loops to the retention device
1560, the proximal retention member 1564 is actuated to move distally toward the center
retention member such that the pins 1578 are received within apertures 1563 (see, e.g., FIG.
76) of the proximal retention member 1564. The distal retention member 1568 can be actuated
such that the pins 1588 are received in apertures (not shown) in the distal retention member
1568.

[00232] FIG. 77 is a schematic illustration of a retention device 1660, according to
another embodiment. The retention device 1660 includes a proximal retention member 1664,
a center retention member 1666 and distal retention device 1668. The retention device 1660
can include pins and other features (not shown) as described aboVe for previous embodiments
that can be used to secure actuation wires to the retention device 1660. In this embodiment,
the retention members 1664, 1666, 1668 are each attached to a tube that extends to a proximal
end portion of the delivery device (e.g., to a handle assemble). The tubes can be actuated
proximally and distally to move two of the retention members to secure loops of actuation
wires (not shown) to the retention device 1660. More specifically, the proximal retention
device 1664 is attached to a tube 1621, the retention member 1666 is attached to a tube 1623
and the distal retention member 1668 is attached to a tube 1625. The tubes 1621, 1623, 1625
are disposed concentrically with the tube 1623 movably disposable within a lumen defined by
the proximal retention member 1664 and the tube 1621, and the tube 1625 movably disposable
within a lumen defined by the retention member 1666 and the tube 1623. The distal retention
member 1668 and the tube 1625 each also define a lumen such that an elongate member (e.g.,
837, 837, 1537) coupled to a valve holder (e.g., (838, 938, 1538) can be slidably received

through the lumens of the retention members and tubes.

[00233] FIG. 78 is a flowchart of a method of preparing a delivery device with a

prosthetic valve to be delivered to a heart of a patient as described herein. At 1790, a first loop
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of an actuation wire is placed over a first pin of a retention device of a prosthetic heart valve
delivery device. The retention device includes a proximal retention member defining a first
opening, a center retention member including the first pin and defining a second opening, and
a distal retention member including a second pin. At 1791, a first portion of the second portion
of the actuation wire is passed through a second loop on the outer frame of the prosthetic heart
valve. The first portion of the actuation wire has a second loop disposed on a first end of the
actuation wire and the second portion of the actuation wire has a third loop on a second end of
the actuation wire. At 1792, the second loop and the third loop of the actuation wire are placed
over the second pin of the retention device. At 1793, the retention member is actuated to move
one of the center retention member and the proximal retention member axially such that the
first pin is disposed in the first opening and the first loop of the actuation wire is secured to the
retention device. At 1794, the retention member is actuated to move the distal retention
member axially such that the second pin is disposed in the second opening and the second loop
and the third loop of the actuation wire are secured to the retention device. At 1795, the

prosthetic valve is placed within a lumen of a sheath of the delivery device.

[00234] FIG. 79 is a flowchart of a method of delivering a prosthetic heart valve to a
heart of a patient using a delivery device as described herein. At 1890, a distal end portion of
a delivery sheath of a valve delivery device is inserted into a left atrium of a heart. The delivery
sheath has a prosthetic mitral valve disposed within a lumen of the delivery sheath, and the
prosthetic mitral valve has an outer frame coupled to an inner frame, with the outer frame being
inverted relative to the inner frame. The prosthetic heart valve being releasably coupled to a
retention device that includes a proximal retention member defining a first opening, a center
retention member including a first pin and defining a second opening, and a distal retention
member including a second pin. An actuation wire is coupled to the prosthetic heart valve and
includes a first loop secured to the retention device with the first pin and a second loop secured
to the retention device with the second pin. At 1891, the prosthetic mitral valve is moved
distally out the distal end portion of the delivery sheath. At 1892, the retention device is moved
proximally such that the actuation wire pulls the outer frame of the prosthetic heart valve
proximally and the outer frame is reverted relative to the inner frame. At 1893, the retention
device is actuated such that the distal retention member moves axially relative to the center
retention member and the second pin releases the second loop of the actuation wire. After
actuating the retention device, at 1894, the retention device is moved proximally such that the

actuation wire is pulled proximally and is uncoupled from the prosthetic heart valve allowing
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the outer frame of the prosthetic heart valve to move to a biased expanded configuration. At

1895, the prosthetic heart valve is positioned within a mitral valve annulus of the heart.

[00235] In some embodiments, a delivery system described herein (e.g., 505, 805, 905)
can include a dilator device or member (not shown). The dilator can be, for example, a balloon
dilator and can be configured to expand an opening or passage, for example, during delivery
of the prosthetic valve. The dilator device can be the same as or similar to and used in the same
or similar manner as dilator device 1711 described in the 305 PCT application with respect to
FIGS. 43-48 and the method of delivery of FIG. 72. Further, the prosthetic heart valves
described herein can be secured to a heart using an epicardial pad device as described with

respect to FIGS. 43-48 and 72 of the 305 PCT application.

[00236] Further, although not shown, any of the embodiments of a delivery device or
system can include a handle or handle assembly to which the various delivery sheaths and
components can be operatively coupled and which a user (e.g., physician) can grasp and use to
manipulate the delivery device or system. The handle or handle assembly can include actuators

to actuate the various components of the delivery system.

[00237] In addition, the systems and methods described herein can also be adapted for
use with a prosthetic tricuspid valve. For example, in such a case, a procedural catheter can be
inserted into the right ventricle of the heart, and the delivery sheath delivered to the right atrium

of the heart either directly (transatrial), or via the jugular or femoral vein.

[00238] While various embodiments have been described above, it should be understood
that they have been presented by way of example only, and not limitation. Where methods
described above indicate certain events occurring in certain order, the ordering of certain events
may be modified. Additionally, certain of the events may be performed concurrently in a

parallel process when possible, as well as performed sequentially as described above.

[00239] Where schematics and/or embodiments described above indicate certain
components arranged in certain orientations or positions, the arrangement of components may
be modified. While the embodiments have been particularly shown and described, it will be
understood that various changes in form and details may be made. Any portion of the apparatus
and/or methods described herein may be combined in any combination, except mutually

exclusive combinations. The embodiments described herein can include various combinations
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and/or sub-combinations of the functions, components, and/or features of the different
embodiments described.

#46466789
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What is claimed is:

l. An apparatus, comprising:

an outer sheath defining a first lumen, the outer sheath configured to receive a
prosthetic heart valve in a compressed configuration;

a tube member movably disposed within the first lumen of the outer sheath and
defining a second lumen;

a valve holder, at least a portion of which is movably disposed within the second
lumen of the tube member, the valve holder configured to be releasably coupled to the
prosthetic heart valve during delivery of the prosthetic heart valve to a heart; and

_aretention device coupled to a distal end portion of the tube member, the retention
device including a proximal retention member defining a first opening, a center retention
member including a first pin and defining a second opening, and a distal retention member
including a second pin,

the proximal retention member being fixedly coupled to the tube member, the center
retention member being axially movable relative to the proximal retention member between a
first position in which the first pin is spaced from the proximal retention member and a
second position in which the first pin is disposed within the first opening of the proximal
retention member,

the distal retention member being axially movable relative to the center retention
member between a first position in which the second pin is disposed at a spaced distance
from the center retention member and a second position in which the second pin is disposed
within the second opening,

the retention device configured to be actuated to secure an actuation wire releasably
coupled to the prosthetic heart valve to the retention device when at least one of the center
retention member is moved to its second positon and the first pin secures a first loop of the
actuation wire to the retention member or the distal retention member is moved to its second
position and the second pin secures a second loop of the actuation wire to the retention

device.

2. The apparatus of claim 1, further comprising:
a prosthetic heart valve disposed at least partially within the first lumen of the outer
sheath, the prosthetic heart valve including an outer frame and an inner frame,

the inner frame being removably coupled to a distal end portion of the valve holder,
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the outer frame being movable between a first configuration relative to the inner
frame in which the outer frame is disposed substantially surrounding the inner frame and a
second configuration relative to the inner frame in which the outer frame is inverted relative
to the inner frame,

the prosthetic heart valve being disposed within the first lumen of the outer sheath and
the second lumen of the tube member with the outer frame in the second configuration,

the actuation wire being releasably coupled to the outer frame.

3. The apparatus of claims 1 or 2, wherein the valve holder includes an elongate
member, the elongate member extending through a lumen defined in each of the proximal
retention member, the center retention member and the distal retention member,

each of the proximal retention member, the center retention member and the distal
retention member being axially slidable relative to the elongate member but rotationally

stationary relative to the elongate member.

4. The apparatus of any one of claims 1-3, wherein the valve holder includes an insert
movably disposable within an interior region defined by an outer capsule, the insert having a
portion defining recesses each configured to receive a different coupler disposed on the
prosthetic heart valve to releasably couple the prosthetic heart valve to the valve holder when
the couplers are received within the recesses and the portion of the insert with the recesses is
disposed within the interior region of the outer capsule, and to release the prosthetic heart

valve when the portion of the insert with the recesses is disposed outside of the outer capsule.

5. The apparatus of claim 4, wherein the outer capsule defines an aperture configured to

receive the actuation wire releasably coupled to the prosthetic heart valve therethrough.

6. A method, comprising:

placing a first loop of an actuation wire over a first pin of a retention device of a
prosthetic heart valve delivery device, the first loop being defined along a length of the
actuation wire, the retention device including a proximal retention member defining a first
opening, a center retention member including the first pin and defining a second opening, and
a distal retention member including a second pin;

passing a first portion of the actuation wire through a first loop on an outer frame of a

prosthetic heart valve and passing a second portion of the actuation wire through a second
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loop on the outer frame of the prosthetic heart valve, the first portion of the actuation wire
having a second loop disposed on a first end of the actuation wire and the second portion of
the actuation wire having a third loop on a second end of the actuation wire;

placing the second loop and the third loop of the actuation wire over the second pin of
the retention device;

actuating the retention member to move one of the center retention member and the
proximal retention member axially such that the first pin is disposed in the first opening and
the first loop of the actuation wire is secured to the retention device;

actuating the retention member to move the distal retention member axially such that
the second pin is disposed in the second opening and the second loop and the third loop of the
actuation wire are secured to the retention device;

placing the prosthetic valve within a lumen of a sheath of the delivery device.

7. The method of claim 6, further comprising:

prior to placing the prosthetic valve within the lumen of the sheath, moving the
prosthetic heart valve from a first configuration in which an outer frame of the prosthetic
heart valve is disposed substantially surrounding an inner frame of the prosthetic heart valve
to a second configuration in which the outer frame is inverted relative to the inner frame and

a free end portion of the outer frame points in a direction away from the inner frame.

8. The method of claim 7, wherein the prosthetic heart valve is in the second

configuration when placing the prosthetic valve within the lumen of the sheath.

9. The method of any one of claims 6-8, further comprising:

prior to placing the prosthetic valve within the lumen of the sheath, releasably
coupling a portion of the prosthetic heart valve to a valve holder of the prosthetic heart valve
delivery device, the valve holder being movably disposed within a tube member, the tube

member being fixedly coupled to the retention device.

10.  The method of any one of claims 6-9, prior to placing the prosthetic valve within the
lumen of the sheath, routing a section of the actuation wire through an aperture defined by the

valve holder.
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11. The method of any one of claims 6-10, wherein the actuation wire is a first actuation
wire, the method further comprising:

placing a first loop of a second actuation wire over a third pin of the retention device,
the first loop being defined along a length of the second actuation wire, the center retention
member including the third pin and defining a third opening, the distal retention member
including a fourth pin, the proximal retention member defining a fourth opening;

passing a first portion of the second actuation wire through a third loop on the outer
frame of the prosthetic heart valve and passing a second portion of the second actuation wire
through a fourth loop on the outer frame of the prosthetic heart valve, the first portion of the
actuation wire having a second loop disposed on a first end of the second actuation wire and
the second portion of the second actuation wire having a third loop on a second end of the
second actuation wire;

placing the second loop and the third loop of the second actuation wire over the fourth
pin of the retention device;

when the retention member is actuated to move one of the center retention member
and the proximal retention member axially, the third pin is disposed in the fourth opening and
the first loop of the second actuation wire is secured to the retention device;

when the retention member is actuated to move the distal retention member axially,
the fourth pin is disposed in the third opening and the second loop and the third loop of the

second actuation wire are secured to the retention device,

#46466871
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Place first loop of actuation wire over first | 1790
pin of retention device

Pass a first portion of actuation wire through
a first loop on an outer frame of a prosthetic 1791
heart valve and a second portion of the
actuation wire through a second loop on the
outer frame of the prosthetic heart valve

Place a second loop and a third loop of the 1792
actuation wire over a second pin of the |~
retention device

Actuate retention member to move
center or proximal retention member | -
axially to secure first loop of actuation

wire to retention device

Actuate retention member to move distal 1794
retention member axially to secure second |
and third loop of actuation wire to
retention device

Place prosthetic heart vaive within lumen
of sheath of delivery device
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Insert distal end portion of delivery sheath | -—— 1890
into a left atrium of a heart

Move prosthetic heart valve distally out distal| ___ 1891
end of delivery sheath

Move retention device proximally such
that actuation wire pulls outer frameof | 1892
valve proximally and outer frame is
reverted relative to inner frame of valve

Actuate retention member to move distal
retention member axially to release loopof | ___ 1893
actuation wire form retention device

Move retention member proximally to 1894
uncouple actuation wire from prosthetic |~

valve allowing outer frame of valve to
move to biased expanded configuration

Position prosthetic heart valve within | —— 1895
mitral valve annulus of the heart
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