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cular delivery and deployment of a prosthetic mitral valve. In some embodiments, a
method includes inverting an outer frame of a prosthetic mitral valve when the
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moved distally out of the delivery sheath such that the inverted outer frame reverts
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The prosthetic mitral valve is then positioned within a mitral annulus of the heart.
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PROSTHETIC MITRAL VALVES AND APPARATUS AND METHODS
FOR DELIVERY OF SAME

Cross-Reference to Related Applications

{0001} This application claims prionty o and 18 a continuation-in-part of Intemational
Apphication No. PUT/USIS/14572, ontitled “Apparatus and Methods for Transtemoral
Delivery of Prosthetic Valve,” filed February 5, 2015, which claims prionty 1o and the
benefit of U5, Provisional Patent Application Serial No. 61/935 899, entitled “Transfemoral
Delivery of Prosthetic Mitral Valve,” filed February 3, 2014, and US. Provisional Patent
Application No. 62/100,544, cutitled “Apparatus and Methods for Transfemoral Delivery of
Prosthetic Mitral Valve,” filed Janvary 7, 2015, The disclosure of cach of the foregoing

applications 1s incorporated hereimn by reference in its entirety.

{8002} Ths application also claims prionty to and the benefit of US. Provisional Patent
Application No. 62/100,548, entitled “Apparatus and Methods for Transfemoral Delivery of
Prosthetic Mitral Valve,” filed January 7, 2015, The disclosure of which is mcorporated

herein by reference in s entivety.

{6003} This application also clatms prionty 1o and the benefit of US. Provisional Patent
Appheation Serial No. 62/187.896, entitled “Apparatus and Methods for Delivery of a
Prosthetic Mitral Valve,” filed huly 2, 2015, and US. Provisional Patent Application Senal
No. 62/137,334, cntitfcd “Apparatus and Method for Delivery of a Prosthetic Mitral Valve,”
filed March 24, 2013, The disclosure of cach of the foregoing applications 1s incorporated

herein by reference in its entirety.
Background

{0004} Embodiments are described herein that relate to devices and methods for use in the
delivery and deployment of prosthetic valves, and particalarly to devices and methods for
prosthetic heart valves that provide for delivery of the prosthetic heart valves to withun a heart

of a patient in an inverted configuration.

{0605} Prosthetic heart valves can pose particular challenges for delivery and deployment
within a heart.  Vabvular heart disease, and specifically, aortic and mirtral valve discase 5 a
significant health issue m the Umnited States (US); ammually approxamately 96,000 valve
replacements are conducted 1 the US. Tradiional valve replacement surgery involving the

orthotopic replacement of a heart valve is counsidered an “open heart” surgical procedure.
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Briefly, the procedure necessifates surgical opening of the thorax, the mitiation of extra-
corporcal circulation with a heart-lung machine, stopping and opening the heart, excision and
replacerent of the diseased valve, and re-starting of the heart. While valve replacement
surgery typically cames a 1-4% mortality risk in otherwise healthy persons, a significantly
higher morbidity 8 assogiated to the procedure largely due to the necessity for extra-
corporeal circulation. Further, open heart surgery is ofien poorly tolerated in elderly patients.
Thus climination of the extra~-corporeal component of the procedure could result n reduction

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

j3006] Whike replacement of the aortic valve i a3 transcatheter manner 18 the subject of
mtense wnvestigation, lesser attention bas been focused on the mitral valve, This is i 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 mserting and anchorng the replacement
prosthesis. A need exists for delivery devices and methods for transcatheter mitral valve

replacements.

{3607 Some known delivery methods inclode delivering a prosthetic mitral valve through an
apical punctire site. In such a procedure, the valve 1s placed 10 a compressed configuration
within a flumen of a delivery catheter of, for example, 34-36 Fr i.¢. an outer diameter of
about 11-12 mm). Debvery of a prosthetic valve to the atnum of the heart can be
accomplished, for example, via a transfomoral approach, transatnally directly into the feft
atrium of the heart or via a jugular approach. In such cases, it 18 desirable for the prosthetic
valve to have a small cuter perimeter or profile to allow insertion through a smaller delivery
catheter of, for example, 28Fr (.. an outer diameter of about @ mm). Thus, a need exust for
prosthetic heart valves that can have a small profile during dehivery while still maintaining

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

{B008] Thus, a need exist for prosthetic heart valves that can have a small profile during
debivery while siill maintaining the size and characteristics needed to perform theiwr desired

function within the heart.

{8609} A nced also exists for devices and methods for debverning and deploving a prosthetic
heart valve within a heart, with the valve disposed withim a small diameter delivery sheath

and then moving the valve to an expanded configuration within the heart.
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Summemary
{0018} 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 pationt’s heart. In some embodiments, an apparatus mncludes a prosthetic
heart valve that inciudes an inner frame and an outer frame coupled to the inner frame at
multiplc coupling jomis. The prosthetic valve is movable between a first configuration and a
second configuration. The multiple coupling joints are configured to allow the ocuter frame to
be moved between a first position relative to the inner frame and a second position relative to
mner frame in which the outer frame 15 wveried relative to the inner frame. The prosthetic
valve 18 in the first configuration when the outer frame 15 m the first position, and 1o the

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

{8611} In some embodiments, an apparatus mcludes a delivery sheath that defines a humen, a
valve holder movably disposable within the lumen of the delivery sheath, and a prosthetic
heart valve disposed at least partially within the husen of the delivery sheath 1 a collapsed
configuration. The prosthetic heart valve includes an outer frame coupled o an nner frame
and the mner frame 15 releasably coupled to a distal end portion of the valve holder. The
outer frame 18 movable batween a first configuration relative to the mner frame and a second
configuration relative o the inoer framce in which the outer frame 15 1uverted relative to the
muer frame. The prosthetic heart valve s disposed within the humen of the delivery sheath
with the outer frame 1 the second configuration. A first actuation wire is releasably coupled
to a first portion of an open free end portion of the cuter frame and a second actiation wire is
releasably coupled 1o a second portion of the open free end portion of the outer frame. Each
of the first actuation wire and the second actuation wire has a first portion extending
proximally from the outer frame and a scoond portion extending proximally from the outer
frame. The first portion and the sccond portion of cach of the first actuation wire and the
second actuation wire are configured to be pulled proxamally to urge the outer frame from the

second configuration towards the first configuration relative to the mmer frame.
Brief Bescription of the Figares

{8612} FIGS. 1A and 1B are schematic illustrations of a portion of a prosthetic heart valve,
according to an emwbodiment, shown in a first configuration and a second configuration,

respactively.

(5]
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{0613} 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 dehivery sheath.

[314] FIGS. 2A and 2B are schematic ilfostrations of the portion of a prosthetic heart valve
of FIGS. 1A and 1B, shown in the first configuration and the sccond configuration,

respectively.

{B0158] FIGS. 3-5 are front, bottom, and top views of a prosthetic heart valve according to an

embodiment.

{8616} FIG. 615 an opened and flattened view of the 1nner frame of the prosthetic heart valve

of FIGS. 3-3, m an unexpanded configuration.

$8177 FIGS. 7 and 8 are side and bottom views, respectively, of the inner frame of FIG. 6 m
P 3

an expanded configuration.

{8618} FIG. 915 an opened and flattened view of the outer frame of the valve of FIGS. 343, 10

an unexpanded configuration.

{0619] FIGS. 10 and 11 are side and top views, respectively, of the outer frame of FIG. S

an expanded configuration.

{0628} 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. 8-11.

{8021} FIG. 15 18 a side perspective view of an assembly of an inner frame and an outer

frame shown in a biased expanded configuration, according 1o an embodiment,

{0022} FIG. 16 13 a side perspective view of the assembly of FIG, 15 with the outer frame

shown inverted.

{8623} FIG. 17 15 side view of the assembly of FIG. 16 shown in a coliapsed configuration

within a humen of a delivery sheath.

{8024] FIG. 18 1¢ a side view of the assembly of FIG. 17 shown in a first partially deploved

configuration.

{80258] FIG. 19 18 a side view of the assembly of FIG. 17 shown in a second partially

deploved configuration.
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{0626} FIG. 20 15 a side view of the assembly of FIG. 17 shown n a third partially deployed
configuration 1in which the mverted outer frame is substantiallv deploved outside of the

delivery sheath,

{0627} FIG. 21 is a side view of the assembly of FIG. 17 shown i a fourth partially deploved
configuration in which the outer frame has reverted and assamed a biased expanded

configuration.

{00628} FIGS. 22-24 flustrate 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.

{8629} FIGS. 23-28 are cross-sectional side views of a prosthetic valve, according fo an
crabodiment, showing the progression of the prosthetic valve being recounfigured and

reoniented, and emerging froro a lumen of a portion of a dehivery sheath.

{8038] FIG. 29A 15 a side view of a prosthetic valve, according to an embodiment and shown
m an mveried onentation, and FIGS. 298 and 29C are each an enlarged detal view of a

different portion of the prosthetic valve of FIG. 29A.

{8031 FIG. 30A 1 a side view of a portion of a prosthetic heart valve, showing a coupling

joint and an outer frame of the valve 1o a first configuration, according to an embodiment.

{80321 FIG. 30B is a side view of the portion of the prosthetic valve of FIG. 30A, showing

the coupling joint and the outer frame in a second configuration.

{333} FIG. 31A 18 a side view of a portion of a prosthetic heart valve, showing a coupling

joint and an outer frame of the valve 1o a first configuration, according to an embodiment,

{8034} FIG. 318 15 a side view of the prosthetic valve of FIG. 31A, showing the coupling

joint and the outer frame in a second configuration.

{B038] FIGS. 32A 1s a perspective view of a portion of a prosthetic valve, according 1o an

embodiment.

{0036} FIG. 328 15 a detatled view of a portion of the valve of FIG. 324, showing a coupling

portion that mcludes a tab and slot arrangement o a disengaged position.

{8037] FIG. 32C 15 a detailed view of a portion of the valve of FIG. 324, showing a coupling

portion in an engaged position.
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{0638} FIG. 33A dlustrates a portion of the valve of FIG. 32A idlustrating a coupling joint

according to another embodiment.

{36339] FIG. 338 Hustrates a portion of the valve of FIG. 32ZA iHustrating a coupling joint

according to yet another embodument.

{0048} FIG. 34A 15 a sude view of a portion of a prosthetic heart valve, showing a coupling

portion and an outer frame of the valve in a first configuration, according to an embodiment.

{6041] FIG. 348 15 a side view of the portion of the prosthetic heart valve of FIG. 34A

showing the coupling joint and the outer frame v a second configuration.

{0042} FIG. 35 15 3 side view of a portion of a prosthetic heart valve, showing a coupling

portion that mclades a pin joint, according to an embodiment,

{8643} FIG. 36 15 a sude view of a portion of a prosthetic heart valve, showing a coupling

portion that mchudes a pin jont, according to another embodiment.

{80441 FIG. 37 15 a side view of a portion of a prosthetic heart valve, showing a coupling

portion that includes a soture hinge mechanism, according to an embodiment.

{8645} FIG. 38 is a sude view of a portion of a prosthetic beart valve, showing a coupling

portion that moludes a suture hinge mechanism, according o another embodiment,

[3346] FIG. 39 15 a sude view of a portion of a prosthetic heart valve, showing a coupling

portion that mchudes a movable jornt and tether mechanism, according to an embodiment.

{0647} FIG. 40 is a sude view of a portion of a prosthetic heart valve, showing a coupling
portion that includes a movable joint and tether mechanism, according o ancther

embodiment.

{00648} FIG. 41A 18 a side view of a portion of an muer frame of a prosthetic heart valve,

according to an embodiment.

j0049] FIGS. 41B and 410 are a side view and a front view, respectively, of encircled

portion A FIG. 41A.

{0638} FIG. 41D 15 a side view of the mner frame of the prosthetic heart valve of FIG. 41A.
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{0651} FIGS. 41E and 41F are a side view and a front view, respectively, of encircled portion

B m FIG. 410, dlustrating a portion of suture attached to the nver frame.

{8052] FIG. 41G 1s a side view of the joner frame of FIG. 41A coupled to an outer frame of

the prosthetic heart valve.

{0053}] FIGS. 41H and 411 are a side view and a front view, respectively, of encircled portion

Cin FIG. 410, illastrating a portion of suture coupling the outer frame fo the mer frame.

{0684} FIG. 42A 15 a front view of a portion of an mner frame of a prosthetic heart valve, |

according to another embodiment.

OS5 FIGS. 42B and 42 area a front view and a side view, respectively, of the portion of

the mner frame of FIG. 424 shown with a suture coupled thereto.

{8686} FIGS. 43-48 are cach a cross-sectional illustration of a heart with devices used during

various stages in a proceduore to transfemorally deliver and deplov a prosthetic mitral valve.

{637 FIG. 49 15 a cross-sectional lustration of a heart with a portion of a delivery sheath
shown after deploving a prosthetic mitral valve with the assistance of a wire assist structure,

according 1o an embodunent.

{0658} FIG. 30 13 a perspective view of the wire assist structure of FIG. 49 coupled to a

portion of a prosthetic mitral valve, according o an embodiment.

{6059 FIG. 31 15 a perspective view of an assist member according to another crbodiment

and coupled o a portion of a prosthetic mitral valve, according to an embodiment.

{8068} FIG. 52 18 a schemanc iHustration of a delivery device and prosthetic heart valve,

aceording to an embodiment.

{8061} FIGS. 53-56 are progressional cross-sectional side views of a prosthetic valve bemg
reconfigured and reoriented, and emerging from a lumen of a portion of a delivery sheath,

according to an embodiment,

j00662] FIG. 57 1s a perspective view of the outer frame assembly of the prosthetic valve of

FIGS. 53-56.

{8063} FIG. 584 is a side view of a portion of the prosthetic valve of FIG. 53 shown within a

within a delivery sheath and coupled to a valve holder.
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{0664} FIG. 388 i3 a side view of an attachment member of the prosthetic valve of FiG. 58A.
j8065] FIG. S8C is an end view of the valve holder of FEG. 58A.

{8866} FIG. 39 13 a crossesectional side view of a prosthetic valve v an inverted

configuration mside of a delivery sheath, according to an embodiment.

[0067) FIG. 60 18 a cross-sgctional side view of a prosthetic valve in an inverted

configuration inside of a delivery sheath, according to an embodiment.

{0668} FIG. 61 13 a cross-sectional side view of a prosthetic valve in an ioverted

configuration nside of a delivery sheath, according to an embodiment.

{00669 FIG. 62 18 a cross-sectional side view of a prosthetic valve in an inverted

configuration inside of a delivery sheath, according to an embodument.

{0078} FIG. 63 15 a partial cross-sectional side view of a delivery system and prosthetic heart

valve, according to an embodiment.

{68071] FIG. 64 15 a cross-sectional view taken along line 64-64 m FIG. 63 showing the

actuation wires coupled to a tube member of the dehvery systen.
{8072} FIG. 65 15 a proximal end view of a tube member of the dehivery svsten of FIG. 63,
{0673} FIG. 66A is a side view of a portion of the tube member of FIG. 63

{0674} FIG. 66B 13 2 side view of a portion of a multi-lamen tube member according to

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

{0673} FIG. 66C view of a portion of the multi-lumen tube member of FIG. 668 and a distal

retention clement, according o another embodiment.
{0076} FIGS 67A-57D arc each a sude view of a different embodiment of an actuation wire,

{0677} FIG. 68 15 a partial cross-sectional side view of the delivery svstem and prosthatic

heart valve of F1G . 63, shown in a first partially deploved configuration.

{0078} FIG. 69 15 a partial cross-sectional side view of the delivery system and prosthetic

heart valve of FIG. 63, shown in a second partially deploved configuration.
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{0679} FIG. 70 15 a partial cross-sectional side view of the delivery system and prosthetic

heart valve of FIG. 63, shown in a thard partially deployed configuration.

{8089] F1G. 71 is a cross-sectional view taken along line A-A m FIG. 63 showing the

actuation wirgs in g partially released position,

{0081} FIG. 72 15 a flowchart illustrating a method of delivering and deploving a prosthetic

mitral valve within a heart,
Betailed Description

{0082} Apparatus and methods are described herein for prosthetic heart valves, such as
prosthetic miural valves, that can be configured to be moved to an mverted 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 nverted relative to an
mner frame when the prosthetic valve is in a biased oxpanded configuration. The prosthetic
mitral valve can be formed with, for example, a shape-memory matenial. After invorting the
outer frame, the prosthetic valve can be inserted o a humen of a delivery sheath such that

the prosthetic valve 1s moved to a collapsed configuration.

{3383} 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 delivening a prosthetic heart valve
{c.g., prosthetic mitral valve) where the mverted prosthetic valve would enter the heart
through the atrniem of the heart. For example, the prosthetic valves deseribed herein can be
delivered wusing a transfemoral delivery approach as descnbed in Infernational Application
No. PCT/USIS/14572 ¢he 572 PCT application) incorporated by refercnce above or via a
transatnial approach, such as desernbed m U5, Provistonal Patent Application Serial No.
62/226.704, entitled “Apparatus and Methods for Transatrial Delivery of Prosthetic Mitral
Valve,” filed September 18, 2015 ("the "704 provisional application™}, which is incorporated
herein by reference in s entirety. In another example, an inverted valve as described herem
could be debivered via a transjugular approach, via the right atnum and through the atnal
septum and mto the left atvum. The prosthetic valves described herein can also be delivered
apically if desired. After the delivery sheath has been disposed within the [of atrium of the
heart, the prosthetic nutral valve s moved distally out of the delivery sheath such that the
myerted outer frame reverts and the prosthetic valve assumes s bilased expanded
configuration. The prosthetic mudral valve can then be positioned within a vutral annulus of

the beazt.

G
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{0684} In some embodimenis, an apparatus includes a prosthetic valve that mclodes an inner
frame and an outer frame coupled to the mner frame at multiple coupling jownts. The multiple
coupling joints are configured to allow the outer frame to be moved relative to mner frame
such that the prosthetic valve can be moved between a first configuration and a second
configuration. The osuter frame and the mner frame collectively define a first length of the
prosthetic valve when the prosthetic valve is i the fust configuration and a second length of
the prosthetic valve when the prosthetic valve s in the second configuration and the second
tength is greater than the furst length. The inner frame has a length that s the same when the

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

{685} In some cmbodiments, an apparatus includes a prosthetic heart valve that mncludes an
muer frame and an outer frame coupled to the mner frame at multiple coupling jomts. The
prosthetic valve 1s 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 joner frame and a second position relative to inner frame 1o which the
outer frame 13 mverted relative to the smner frame. The prosthetic valve is n the first
configaration when the outer frame 15 m the first position, and mn the second

configoration when the outer frame is i the second position.

{8685} In some embodiments, an apparatus includes a prosthetic heart valve that inchudes an
mner frame, and an outer frame coupled to the nner frame at moltiple coupling joints. The
multiple coupling jomts are configured to allow the outer frame 1o be moved relative o joner
frame such that the prosthetic valve can be moved between a first configuration and a second
configuration.  The ocuter frame has an ouster frame coupling portion coupled to the inner
frame at nwltiple coupling joints and an outer frame froe end portion. The iner frame has an
mner 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 mner frame
from the first end portion. The mudtiple coupling joints are disposed between the outer frame
free end portion and the first end portion of the mner frame when the prosthetic valve is 1o the
first configuration. The multiple coupling joints are disposed between the mner frame free
end portion and the outer frame froe end portion when the prosthetic valve is in the second

configuration.

{0687} In some embodiments, an apparatus mncludes a prosthetic heart valve that includes an
mner frame coupled to an outer frame at muliiple coupling joints. The nultpie coupling

joints are configured to allow the outer frame 0 be moved relative to mner frame such that

10
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the prosthetic valve can be moved between a first configuration and a second configuration.
The outer frame bas an outer frame coupling portion coupled to the vwer frame at the
multiple coupling jomnts and an outer trame free end portion. The mner frame has an mner
frame coupling portion coupled to the outer frame at the multiple coupling jomnts and an tmer
frame free end portion. The oufer frame free end portion and the inner frame free end portion
cach open in the same dircction when the prosthetic valve is m the first configuration. The
outer frame free end portion and the wnner frame free end portion open m gpposite directions

when the prosthetic valve is in the sccond configuration.

{30688} In some embodiments, an apparatus imchudes 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 i a collapsed
configuration. The prosthetic heart valve includes an outer frame coupled 1o an nner frame
and the mner frame is removably coupled o a distal end portion of the valve holder. The
outer frame is movable between a first configuration relative to the mner frame and a second
configuration relative o the mner frame m which the outer frame is mverted relative to the
mner frame. The prosthetic heart valve is disposed within the lomen of the delivery sheath
with the outer frame mn the second configuration. A first actuation wire is releasably coupled
to a first portion of an open free end portion of the outer frame and a second actuation wite 18
releasably coupled to a second portion of the open free end 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
framme The first portion and the second portion of each of the first actuation wire and the
second actuation wire are configured to be pulled prosumally to urge the outer frame from the

second configuration towards the first configuration relative to the inner frame.

{80891 In some embodiments, an apparatas includes an outer sheath that defines a humen, an
imner sheath movably disposed within the lumen of the outer sheath and defining a lumen, a
fithe member movably disposed within the lumen of the outer sheath and defining a lumen, a
valve holder movably disposed within the lumen of the inner sheath and within a lumen
defined by the tube member and a prosthetic heart valve disposed at least partially within the
fumen of the outer sheath and at least partially within the lumen of the joner sheath. The
prosthetic heart valve ncludes an outer frame coupled to an muer frame and the vmer frame
is removably coupled to a distal end portion of the valve holder. The ocuter frame 13 movable

between a first configuration relative to the wnner frame and a second configuration relative to
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the wmner frame in which the outer frame s inverted relative to the mner frame. The
prosthetic heart valve is disposed within the fumen of the outer sheath and the fumen of the
mner sheath with the outer frame v the second configuration. A first actuation wirg 18
releasably coupled to a first portion of an open free end portion of the outer frame and
releasably coupled to the tube member at a first location on the tube member. A second
actuation wire is releasably coupled to a second portion of the open free end portion of the
outer frame and releasably coupled to the tube member at a second location on the tube

member.

J8090] In some embodiments, a method includes inserting a distal end portion of a delivery
sheath into a feft atvum of a heart. The debivery sheath having a prosthetic mitral valve
disposed within a lumen of the delivery sheath and the prosthetic nutral 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 m which
the outer frame 1s inwverted relative 1o the inner frame. The prosthetic valve 1s disposed within
the lomen of the delivery sheath with the outer frame in the second positon relative to the
mner frame. The prosthetic mitral valve 1s moved distally out of the delivery sheath cavsing
the outer frame of the prosthetic miiral valve 1o revert back to the first position relative to the
muer frame such that the prosthetic midral valve at least partially assumes a biased expanded

configuration. The prosthetic nutral valve 15 posttioned within a mitral annulus of the heart,

{8091} FIGS. 1A and 1B are schematic illustrations of a portion of a prosthenc heart valve
10, according to an embodiment, shown 1 a first configuration and a second configuration
respectively, and FIGS. 1€ and 1D ilustrate the portions of the prosthetic heart valve 100 of
FIGS. 1A and 1B | respectively, shown disposed within a lwen of a delivery sheath 126.
FIGS. 2A and 2B illustrate a portion of the prosthetic heart valve 100 of FIGS. 1A and 18,
respectively, and show length dimensions for the prosthetic heart valve in each of the 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 mcludes an outer frame 120 and an mner frame 136, The outer frame 120 and the
mner frame 150 are cach formed as a tubular structure as described in more detail below with
reference to FIGS. 3-15. The outer frame 120 and the tmner frame 150 can be coupled
together at multiple coupling jomis 146 disposed about a penimeter of the nner frame 150
and a perimeter of the outer frame 120 as described 10 more detail below. The valve 100 can

also melude other features, such as those descnbed with respect to FIGS. 3-15 below. For
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tustration purposes, only the mner frame 150 and the outer frame 120 are discussed with
respect to FIGS. 1A-28. The various charactenistics and feamres of valve 106 descrbed with

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

{0692} The outer frame 126 is configured o have a hased expanded or undeformed shape
and can be manipulated and/or deformed {(e.g., compressed or constraived} and, when
released, return to its original {expanded or undeformed) shape. For example, the cuter frame
120 can be formed of matenals, such as metals or plastics, that have shape memory
propertics.  With regards to metals, Nitinol® has been found to be especially useful since it
can be processed to be austenitic, martgnsitic or super elastic.  Other shape memory alloys,
such as Cu-Zo-Al-Ni alloys, and Cu-Al-Ni alloys, may also be used. The tnner frame 150
can be formed from a lasor-cut tube of Nitinol”. The ivner 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, retum to its ongmal {expanded or wndetormed)
shape. Further details regarding the inoer frame 130 and the outer frame 120 are described

below with respect to valve 200 and FIGS. 3-15.

{0693} The valve 100 can be delivered and deploved within a left atrium of a heart using a
varigty of different delivery approaches mcluding, for example, a transfemoral delivery
approach, as descrbed i the “S72 PCT application, or a transatrial approach, as described e
the ‘704 provisional application.  As described above, in some situations, such as when
delivering a prosthetic valve to the heart via a transfomoral or transatrial approach, because of
the amaller size of the hunen of the delivery sheath, the size of the prosthetic valve during
delivery should be sized accordmgly. Thus, it 15 desirable to have a prosthetic valve that can
be reconfigured between a biased expanded configuration for implantation i the heart {c.g,,
within a native mitral annulus) and a delivery configuration that has a smaller outer perimeter
or profile to allow for delivery within the humen of the delivery sheath. The prosthetic valve
100 and the embodiments of a prosthetic valve described hercin can be constracted and

formed to achieve these desired functions and characteristics.

{0694} More specifically, the valve 100 can have a biased expanded configuration {as shown
m FIGS. 1A and 2A), an mveried configuration {as shown m FIGS. 1B and 2B}, and a
compressed or collapsed configuration {as shown i FIGS. 1€ and 1B} The expanded
configuration allows the valve 100 1o function when tuplanted within the heart. The valve
100 can be moved to the inveried configuration and the compressed or collapsed

configuration for delivery of the valve 100 to the heart of a patient.
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{0695 To enable the valve 100 to be moved to the inverted configuration, the outer frame
120 can be coupled to the mwer frame 130 1 such a manner to aliow the owter frame 120 to
move relative to the muer frame 150, More specifically, the coupling joints 146 can couple
the outer frame 120 o the inner frame 150 in sach a manner to allow the outer frame 120 o
be moved relative to the tner frame 130, For example, i 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 mper frame 150, In some embodiments, coupling joints can provide a
ptvotal coupling between the outer frame 120 and the ioner frame 150 In some
crabodiments, the coupling joints can provide a flexible attachisent between the outer frame
120 and the wwmer frame 150, The coupling jomts 146 can be a vanety of different types and
configurations as described herein with reference (o the various embodiments of a prosthetic
valve. For example, the coupling joints 146 can include a Hving hinge, 2 flexible member,
situres, a suture wrapped through an opening, a pin or tab juscrted through an opening or any

combinations thereof

j3096] To move the valve 100 from the expanded configuration (FIG. 1A} 1o the mverted
gonfiguration {(FIG. 1B}, the ocuter frame 120 13 moved to a prolapsed or mverted
configoration relative to the mner frame 130, as shown in FIGS. 1B, 1D and 2B, by moving
{c.g., rotating, pivoting, flexing) the outer frame 120 about the coupling joints 146, The
clastic 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
mner frame 150, To move the outer frame 120 to the inverted configuration relative to the
mner frame 150, the outer frame 120 s folded or mverted distally (1o the right m FIG. 1B)
relative to the mner frame 130 via the coupling joints 146, As shown i FIGS. 1A and 24,
the outer frame 120 is 1o a first position relative to the mner frame 150 prior to bemng inverted
mm which an open or free end portion 116 {(also referred to the atrimm portion 116 of the outer
frame 120} 1s disposed proximally or to the left of the coupling jomts 146 and in the same
direction as a frec end portion 147 {(also referred to as a second end portion of the nmer
frame} of the toner frame 150, When the outer frame 120 is moved to an ioverted
configuration (1.¢., second positon relative to the inner frame 158}, the free end portion 1161
disposed distally of the coupling joints 146 (ot to the nght m FIGS. 1B and 2B) and m an
opposite direction as the free end portion 147 of the mner frame 150, Said another way,
when the valve 100 is in a biased expanded configuration (¢ g., FIG. 1A}, the coupling joints
146 are disposed between a first end portion 144 {(also reforred 1o as a tether coupling portion)

of the inner frame 150 and the frec end portion 116 of the outer frame 120, When the valve
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100 1s 1 the inverted configuration e g., FIG. 1B) (.¢., the outer frame 120 has boen moved
to an nverted configuration or posttion), 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,

{80971 When i the inverted configuration, an overall length of the valve 100 is increased,
but a length of the ner frame 150 and a length of the outer frame 120 remains the same {or
substantiallv the same)}. For example, as shown m FIGS. 2A and 28 an overall length L1 of
the valve 100 in the biased expanded configuration {prior to being mveried as shown 1o FIG.
2AY s less than the overall length L2 of the valve 100 when in the mmverted configuration
(F1G. 2B). A length L4 of the inner frame 150 and a length Lo of the owter frame 120 is
substantially the same (or the same) when the valve 100 15 1o 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 s in the inverted configuration.

{3698] With the valve 100 in the mverted configwration, the valve 100 can be placed within a
fumen of the delivery sheath 126 for delivery of the valve 100 to the left atrium of the heart,
as shown m FIG. 1D When placed within the lomen of the delivery sheath 126, the valve
100 15 moved to the collapsed or compressed configuration in which the outer diameter or
outer perimeter of the valve 100 is reduced. Becasse the valve 100 is in the inverted
configuration, the valve 100 1s able to be placed within a smaller dehivery sheath 126 than
would otherwise be possible. For example, for comparison purposes, FIG. 1 illustrates the
valve 100 placed within a lumen of a delivery sheath 126° where the valve 100 has not been
moved to an inveried configuration prior to being disposed within the delivery sheath 1267
As shown m FIG. 1€, an outer diameter of the valve 100 1s reduced, but not to as small of a
diameter as for the valve 100 when placed m a delivery sheath 126 when in the mverted
configuration. Thus, m FIG. 1€, the valve 100 has an overall outer penimeter or outer
diameter D and in FIG. 1D, the valve 160 has an overall outer perimetor or outer diameter

D2, which 1s loss than DL

{8099] Thus, by disposing the outer framme 120 m the wverted configuration, the valve 100
can be collapsed wto a smaller overall diameter, 1.6, placed in a smaller diameter delivery
sheath 126, than would be possible if the valve 100 were merely collapsed radially. This s
because when the valve s in the biased expanded configuration, the inner frame 159 15 nested

within an inferior of the outer frame 120, and thus the outer frame 120 must be collapsed
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arcund the ioner frame 156, In some embodiments, the inner frame 130 and the outer frame
are disposed concentrically,. Whereas in the wmverted configuration, the inner frame 150 and
the outer frame 120 are amranged axaally with respect to each other (1.¢., the inner frame 18 not
nested within the outer frame 150}, such that the outer frame 120 can be collapsed without
needing o acconunodate all of the structiure of the inner frame 150 mside 1t In other words,
with the inner frame 150 disposcd mostly inside or nested within the outer frame 120, the
lavers or bulk of the frame structures cannot be compressed o as small a diameter. In
addition, 1f the frames are nested, the structure 18 less flexable, and therefore, more force i
needed to bend the valve, ¢.g. to pass through tortuous vasculature or to make tight turs  the
left atrium after passing through the ainal septum 1o be properly oriented for msertion mio

the mitral valve annuhus.

{06108 FIGS, 3-14 lostrate another embodiment of a prosthetic heart valve
that can be delivered and deploved within a left atrivm of a heart using a variety of different
delivery approaches includmg, for example, a transfernoral delivery approach or a transatrial
delivery approach. FIGS. 3-5 are front, botiom, and top views, respectively, of a prosthetic
heart valve 200 according to an embodiment.  Prosthetic heart valve 200 (also referved to
herein as “valve” or “prosthetic valve”} is designed to replace a damaged or discased native
heart valve such as a mitral valve. Valve 200 mncludes an outer frame assembly 210 and an

mner valve assembly 240 coupled to the outer frame assembly 210,

6101 As shown, outer frame assembly 210 mmcludes an outer frame 220,
govered on all or a portion of s cuter face with an outer covering 230, and covered on all or
a portion of its inner tace by an inper covering 232, Quter frame 220 can provide several
functions for prosthetic heart valve 200, including serving as the pnimary structure, as an
anchornng mechanism and/or an attachment point for a separate anchonng mechamsm (o
anchor the valve to the native heart valve apparatus, a support to carry inner valve assembly
240, and/or a seal to wnhibit paravalvudar leakage between prosthetic heart valve 200 and the

native heart valve apparatus.

[06182] Outer frame 220 has a biased expanded configuration and can be manipulated
and/or deformed (e.g., compressed and/or constrained) and, when released, retum to its
original unconstramed shape. To achieve this, outer frame 220 can be formed of materials,
such as metals or plastics. that have shape memory propertics. With regards to metals,

Nitinol” has been found to be especially nseful since it can be processed to be austenitic,
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martensitic or super clastic. Other shape memory alloys, such as Co-Zn-Al-Ni allove, and

Cu-Al-Ni allovs, may also be used.

{60183] As best shown 1 FIG. 3, outer frame assembly 219 has an upper end {c.g., at
the atrium portion 216}, a lower end {e.g., at the ventricle portion 212}, and a medial portion
{c.g., at the annulus portion 214} therebetween. The upper end or atrivm portion 216 {also
referred to as “outer free end portion™) defings an open ond portion of the outer frame
asscrubly 210, The medial or annulus portion 214 of the outer frame assembly 210 has a
permeter that is configured {(c.g., sized, shaped) to fi mto an annulus of a natve
atnoventricular valve. The upper end of the outer frame assembly 210 has a penimeter that is
farger than the penmeter of the medial portion.  In some embodiments, the perimeter of the
upper end of the outer frame assembly 210 has a penmeter that 1s 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 suttable it udo the annulus of the pative

atrtovenincular valve,

{80104] Inner valve assembly 240 includes an juner frame 230, an outer covenng 260,
and leaflets 270, As shown, the inner valve assembly 240 includes an upper portion having a
periphery formed with multiple arches. The mner frame 250 mcludes six axial posts or frame

members that support outer covering 260 and leaflets 270. Leaflets 270 are attached along
three of the posts, shown as commmissure posis 252 {(best illustrated v FIG. 4), and outer
govering 260 i3 attached to the other three posts, 254 (best iHusirated in FIG. 4), and
optionally 1o conunissure posts 252, Each of outer covering 260 and leaflets 270 are formed
of approximately rectangular sheets of material, which are joined together at their upper, or
atrium end.  The lower, veniricle end of outer covering 260 mayv be jomed to inner covering

232 of outer frame assembly 210, and the lower, ventricle end of leaflets 270 may form free

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

[36105] Although mner valve assembly 240 is shown as having thuee leafiets, in other
embodiments, an mner valve assembly can mclude anv suitable nuober of leaflets. The
leaflets 270 are movable between an open configuration and a closed configuration m which

the leaflets 270 coapt, or meet in a sealing abutment.

{6106 Guter covering 230 of the outer frame assembly 210 and smner covering 232 of

outer frame assembly 210, outer covering 260 of the mner valve assembly 240 and leaflets
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270 of the inmer valve assembly 240 may be formed of any soitable maternial, or combination
of matenals, such as those discussed above. In this embodiment, the nuer covermg 232 of
the outer frame assernbly 210, the outer covering 260 of the mer valve assembly 240, and
the leaflets 270 of the nner valve assembly 240 are formed, at least i past, of porcine
pericardium.  Moreover, 10 this embodiment, the outer covering 2306 of the cuter frame

assembly 210 15 formed, at least in part, of polvester.

{80187] fnner frame 250 is shown in more detaii v FIGS 6-8. Specifically, FIGS. 6-8
show mner frame 250 1 an undeformed, minial state (F1G. 6}, a side view of the inner frame
250 1 an expanded configuration (FIG. 73, and a bottom view of the inner frame 250 1 the

gxpanded configuration {Fi(. 8}, wspectively, according to an embodiment.

{06188] In this embodiment, nner frame 250 18 formed from a laser-cot tobe of
Nitinol®. Inner frame 250 is ilustrated in FIG. 6 in an undeformed, initial state, i.¢. as laser-
cut, but cut and vnrolled mio a flat sheet for ease of lustration. {oner frame 250 can be
divided mnto four portions, corresponding to functionally different portions of the inner frame
250 in final form: atrial portion 247, body portion 2472, strut portion 243, and tether clamp or
conpecting portion 244 Stmat portion 243 includes six siruts, such as strut 243A, which

connect body portion 242 to tether connecting portion 244,

j30169] Tether connecting portion 244 {also referred to as first end portion of mner
frame} includes longitudinal extensions of the stnuts, conmected circumferentially by pairs of
opposed, slightly V-shaped connecting members {or “nucro-Vs”). Tether connecting portion
244 15 configured to be radially collapsed by application of a compressive force, which
canses 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 onc end of a tether, crther connecting directly onto a tether line {e.g. braxded
filament line) or onto an wntermediate struchure, such as a polymer or metal piece that s in

term firmdy fixed fo the tether line.

{60114y In contrast to tether connecting portion 244, atrial portion 247 (also referred to
as “mmer 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 mner frame coupling portion 245 that includes six longitudinal posts, such as
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post 2424, The mner frame coupling portion 245 can be used o attach feaflets 270 to mner
frame 240, and/or can be used to attach inner assembly 240 to outer asserobly 210, such as by
connecting inner frame 250 1o outer frame 220, In the illustrated embodiment, the posts
mclade openings through which connecting members {such as sutare filaments and/or wires)

can be passed to couple the posts to other structures.

{06118} inner frame 230 is shown in a fully deformed, ie the final, deployed

configuration, 1 side view and bottom view 1 FIGS. 7 and 8, respectivelv.

{06112 Quter frame 220 of valve 200 15 shown in more detal i FIGS. 9-11 In this
embodiment, outer frame 220 is also formed from a laser-cut tube of Nitinol”. Outer frame
220 15 lustrated i FIG. 9 m oan undetormed, matial state, 1o as laser-cut, but cut and
anrclied mio a flat sheet for ease of lustration. Outer frame 220 can be divided into an outer
frame coupling portion 271, a body portion 272, and a cuff portion 273 {(which mciudes the
atrinm or free end portion 216), as shown m FIG. 9. Outer frame coupling portion 271
mclades 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.

{80113} Outer frame 220 13 shown in a fully deformed, 1e. the final, deployed
configuration, in side view and top view i FIGK. 10 and 11, respectively. As best seen in
FIG. 11, the lower end of outer frame coupling portion 271 fooms a roughly crreular opening
(dentificd by “07 wn FIG. 113 The diameter of this opening preferably corresponds
approximately to the diameier of body portion 242 of mner frame 250, to faciitate coupling

of the two components of valve 200

{86114} CGuter frame 220 and oner frame 230 are shown coupled together in FIGS. 12-
14, in fromt, 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
STTUCnre ., leaflets 270} in the desired relatiouship to the vative valve annulus, support the
coverings {¢.g.. outer covering 230, mner covering 2372, outer covering 260} for the two

frames to provide a barrier 1o blood leakage between the atnum and veniricle, and couple to
the tether (¢ 2., tother 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 wmoer frame 250 are connected at six coupling poinis
{representative pomts are wdentified as “C7). In this embodiment, the coupling points are

implemented with a mechanical fastener, such as a short length of wire, passed through an
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aperture {such as aperture 271A} in outer frame coupling portion 271 and corresponding
openings in inner frame coupling portion 245 {c.g., longiudinal posts, such as post 2424) in
body portion 242 of inner frame 250, Inner frame 250 19 thus disposed within the outer frame

220 and securely coupled to it

{80115} FIGS. 15-21 illustrate a method of reconfiguring a prosthetic heart valve 300
{c.g., prosthetic nutral valve) prior (o inserting the prosthetic heart valve 300 into a delivery
sheath 326 (see, e.g., FIGS. 17-21) for delivery imio the atriumn of the heart. The prosthetic
heart valve 300 {also referred to heremn as “valve™} can be constructed the same as or stoular
to, and function the same as or similar to the valves 100 and 200 described above. Thuas,
some details regarding the valve 300 are not described below. | should be understood that
for features and functions not specifically discussed, those features and functions can be the

same as or sinular to the valve 200,

HEHELY As shown i FIGL 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 mner frame
350 of valve 300 can cach be formed with a shape-memory material and have a biased
expanded configuration. The outer frame 320 and the inper frame 350 can be moved 1o 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 1s first
disposed in a prolapsed or mverted configuration as shown in FIG. 16, Specifically, the
clastic or superelastic structure of outer frame 320 of valve 300 allows the outer frame 320 to
be disposed in the prolapsed or mverted configuration prior to the valve 300 being nserted
wte the humen of the delivery sheath 326, As shown in FIG. 16, to dispose the outer frame
320 1o the mverted configuration, the outer frame 320 is folded or inverted distally (o the
right n FIG. 16) such that an open free end 316 of the outer frame 320 1s pointed away from
an open free end 347 of the inner frame 350, As descnibed above for valve 100, mn this
mverted configuration, the overall ouler perimeter or outer diameter of the valve 300 is
reduced and the overall length s increased.  For example, the diameter P shown in FIGL 13
1s greater than the diameter D2 shown in FIG. 16, and the length L1 {shown in FIG. 12 for
valve 2003 is less than the length L2 shown 1o FIG. 16 for valve 300, With the outer frame
326 in the mverted configuration relative to the inver frame 350, the valve 300 can be placed
within a turaen of a delivery sheath 326 as shown in FIG. 17 for delivery of the valve 300 to
the Ieft atrivm of the heart. By disposing the outer frame 320 in the inverted configuration

relative to the inner frame 356, the valve 300 can be coliapsed into a smaller overall diameter,
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t.e. when placed in a smaller diameter debivery sheath, than would be possible if the valve
300 in the configuration shown o 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 ovter frame 320 must be collapsed around the inner frame 350, whereas
i the configuration shown 1o FIG. 16, the two frames are substantially coaxial but not
concentric or nested.  Thus, 1o the configuration shown i FIG. 16 the outer frame 320 can be
collapsed without the need to accommodate the mner frame 350 mside of it In other words,
with the inner frame 350 disposed mostly inside or vested within the outer frame 320, the
layvers or bulk of the frame structures cannot be compressed to as small a diameter. In
addition, 1t the frames are nested, the structure 1s less flexible, and therefore, more force 1
needed to bend the valve, e.g. to pass through tortuous vasculature or to make tight turn in the
feft atrium after passing through the atnal septum to be properdy oriented for insertion into

the nutral valve annulus.

o117 FIGS. 22-24 diustrate a portion of a procedure to deliver the valve 300 o the
heart. In this embodiment, the valve 300 s shown being delivered via a transfomoral
debivery approach as described, for example, w the 372 PCT application mncorporated by
reference 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 1n FIG. 17, can be mnserted into
a fomoral puncture, through the fomoral vein, through the inferior vena cava, info the night
atrium, through the septum Sp and mnto the feft atrim LA of the heart. With the distal end
portion of the debivery sheath 326 disposed within the left atrium of the heart, the valve 300
can be deploved outside a distal end of the delivery sheath 3260 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 oxiend though the nutral annulus, through the left ventncle LY, 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 deploved by pushing with the pusher device and pulling with the tether.

{06118 As the valve 300 exits the lumen of the delivery sheath 326, the outer frame
assembly 310 exits first 1n #s inveried configuration as shown in the progression of FIGS. 18-
20 (see also FIG. 22}, After the outer frame assembly 310 1s fully outside of the lumen of the
delivery sheath 326, the outer frame 320 can revert to it expanded or deploved configuration

as shown i FIG. 21, 23 and 24, In some embodiments, the outer frame 320 can revert
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automatically after fully exiting the umen of the delivery sheath due to its shape-memory
propertics. In some crabodiments, a component of the delivery sheath or another device can
be used to md m the reversion of the outer frame assembly 310.In some ernbodiments, the
pusher device and/or the tether can be wsed to aid in the reversion of the outer frame
assembly 310, The valve 300 can continue o be deploved unti the mner frame 350 is fully
deployed with the left atrium and the valve 300 s in the expanded or deploved configuration
{as shown, e.g., m 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 1o FIG. 24 and as describe

din more detait in the “572 PCT application.

{06119 FIG. 25-28 lustrate ancther embodiment of a prosthetic valve that can be
moved between a biased oxpanded configuration and an mverted configuration 1o which the
outer frame s mverted relative 1o the mner frame. The valve 400 can be constructed the
same as or similar to, and function the same as or similar to any of the valves described
herein and m the 372 PUT application, with the addition of the following features. The
valve 400 has an outer frame 420 and an joner frame 4350 coupled to the outer frame 426, Tin
this embodiment, the cuter frame 420 of the valve400 1s formed of three portions {e.g., three
cylinders), i.e., a first portion 427, a sccond portion 428, and a third portion 429, all of which
arc best shown m FIGS. 27 and 28, The portions 427, 428, 429 can be coupled to one
another by any suitable coupling method to allow the portions 427, 428 and 429 to be moved
relative to each other. As shown best in FIGS. 27 and 29, the first portion 427 is movably
coupled to the second portion 42% via a first joint i1, and the second portion 428 15 moveably
coupled 1o the thivd portion 429 via a second jomt J2. The first portion 427 ot the outer frame
420 1s also coupled to the inner frame 450 via a third joint I3 such that the ounter frame 420
can move {e.g., rotate or pivot) relative to the inner frame 450 as described berein.  For
example, any of the coupling methods deseribed hercin can be used {e.g. living hinge,
sutures, pins, tabs nseriable through opemings or slots, eic. or any combmation thereof) at

cach of the joints J1, J2, and I3,

{06126 Although the outer frame 420 15 shown and described as being formed of three
separate portions which are joined together, in other embodiments, apn outer frame can be
formed of any suitable number of portions or cvhinders {¢.g., two portions, four portions, five

portions, six portions, eic.), which can then be jomed to form the outer frame.

{80121 As shown 1 FIG. 26, , n use, to dispose the outer frame 420 in an mverted

configuration relative fo the inmer frame 450, the outer frame 420 1s folded or mverted
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distally sach that the open free oend portion of the outer frame 420 1s pointed in an opposite
direction as an open free end of the inner frame 450, With the outer frame 420 in the mmverted
configuration, the valve 400 can be placed within a tumen of a delivery sheath 426 for
debivery of the valve 400 to the left atrium of the heart. The debivery sheath 426 can be the
same a8 or simlar to any of the delivery sheaths descnbed herein or in the 572 PCY
application. In this erebodiment, a pusher device 438 is movably disposed within a humen of
the delivery sheath 426 and removably attached to the valve 400, Altematively, a pusher

device simlar to pusher 338 can be used that is not attached to the valve 400

j3122] The joints (1.e., joint 11, 12 and jomnt J3) and outer frame portions {i.¢., the first
portion 427, the second portion 428, and the third portion 429} of the valve 400 can provide
for an ecasier {e.g., due to less nigidity of the ouwter frame 420 and/or more focused and
selective control of the ouler frame 420} and/or faster transition between an mverted and
collapsed configuration of valve 400 and an expanded configuration, and vice versa. Farther,
the joints and portions of the valve 400 can aliow the valve 400 to have a lower profile or
footprint {e.g., occupy a smaller radial space or dlameier), e.g., when transitioning between

gonfigurations and onentations.

{86123 In use, during reversion of the valve 400 from the mverted and collapsed
configuration {e.g., within the delivery sheath 426} to its expanded configuration, the first
portion 427 of the outer frame 429, the second portion 428 of the outer frame 420, and the
third portion 429 of the outer frame 420 can revert sequentially during the procedure. In
other words, the portions 427, 428, 429 of the oster frame 420 can revert in stages as the
outer frame 420 exits the delivery sheath 426 within the atrium of the heart.  Examples of

such stages are shown in FIGS. 26-28,

{06124} Puring delivery of the valve 400 from the delivery sheath 426, as shown by
progression in FIGS, 26-28, the second jomnt J2 disposed between the second portion 428 of
the outer frame 420 and the third portion 429 of the outer frame 420 emerges from the
delivery sheath 426. allowing the third portion 429 to begin to revert towards an expanded or
deployed configuration {as shown, for exarmapie, m FIG. 26} Next, as the valve 400 moves
further towards the exat (e.g., a distal end opeming} of the delivery sheath 426, the first joint
I digposed between the second portion 428 of the outer frame 420 and the first portion 427
of the outer frame 420 cmorges from the delivery sheath 426, allowing the second portion
428 1o further revert towards an expanded {as shown, for example, in FIG. 27). Next, as the

valve 400 moves cven further towards the exit of the delivery sheath 426, and the muer frame
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450 begins o emerge from the delivery sheath 426, mcluding the third joint 13 between the
mner frame 450 and the first portion 427 of the outer frame 420, the owter frame 420 reverts

mto its expanded contiguration / size {(as shown, for example, s FIG. 28).

{06125 Upon reversion of the ouwter frame 420 mio its expanded configuration, as
shown best in FIG. 28, the inmer frame 450 can be decoupled from the pusher device 438
and/or forced out of the delivery sheath 426 such that the mner frame 450 and/or the outer

frame 420 can cxpand further and be suitably seated in the native anouius of the mitral valve,

{0126} Smtdar to the discussion above with respect to the valve 300, a tether 436 {sec
FIGS. 27 and 28), can be attached to the valve 400 and used to help move the valve 400 out
of the tumen of the delivery sheath 426, As described for valve 300, the pusher device 438

and/or the tether 436 can be used to deliver and deploy the vaive 460,

861271 FIGS. 29A-29C illustrate another embodiment of a prosthetic heart valve 500
{also referred to herein as “valve™) that can be delivered to 2 left atnium of a hewrt m a
procedure sinular to or the same as the procedures described above, the procedures described
m the “572 PCT application, the 704 provisional application or other delivery approach that
delivers the valve to the left atrivm of the heart. Thus, some details regarding the valve 500
and procedures performed therewith are not described herein. It should be undersicod that
for features and functions not specifically discussed, those features and functions can be the
same as or simlar o the valves desenibed above or in the *5372 PCT application.  The valve
506 has an outer frame 520 and an nner frame 550 coupled to the outer frame 520, FIG. 29A
tHustrates the outer frame 320 in an nverted configuration or position relative to the tner
frame 550 {as described above for previous embodiments). Tn this embodiment, the outer
frame 520 of the valve 300 includes two portions, ie., a first portion 527 and a second

portion 528 that can be coupled together at joinis, as described in morg detail below.

{3128} Smilar to the discussion with respect to the portions 427, 428, 429 of the
valve 400, and the joints J1 and I2, v this embodiment, the first portion 527 of the outer
frame 520 18 coupled 1o the second portion 528 of the outer frame 520 via a fivst jont J1, and
the first portion 527 1s coupled to the mner frame 350 via a second jomt J12. In this
embodiment, first portion 527 of the cuter frame 520 defines multiple apertures 521 and the
mner frame 550 of the valve 500 defines multiple apertures 523 {sce also, e.g., the openings
of the body portion 242 of the mmmer frame 350 of the valve S04, described above). As shown

best in FIG. 29C, the apertares 521 and the apertures 523 can be abigned, and one or more

24



WO 2016/112085 PCT/US2016/012305

connecting members 531 {c.g, sufurgs or wires) are passed through the ong or more apertures
521 of the frst portion 527 of the outer frame 520 and one or more aperiures 323 of the mner
framne 550 to couple the first portion 527 of the outer frame 520 to the mner frame 550 at the
second joint J2. In this manner, the inner frame 550 of the valve 500 and the outer frame 520
of the valve 500 can be coupled together sach that the outer frame 520 can move relative to
the mmer frame {¢.g., rotate, pivot, articuiate} between an 1nverted positon relative to the tner
frame 550 and a non-inverted position in wiich the outer frame 320 can assume a blased
expanded configuration with the mner frame 550 nested within the outer frame 520 as

described above for previous embodiments.

{33129 As shown, for example, in FIG. 298, the first joint J1 between the first portion
527 and the second portion 528 of the outer frame 320 15 formed by wrapping one or more
connecting member 531 {c.g., suture or wire} around a strut of the fivet portion 527 and
around a strat of the second portion 328, For example, the strut of the first portion 527 and
the strut of the second portion 528 can be aligned with one another prior to apphication of the
connecting member(s) 531 thercto. o an embodiment of a valve having an outer frame with
for example, three portions, such as valve 400, the second portion and the third portion of the
outer frame can be coupled together using cither of the coupling methods described for joint
¥ and 12 of valve 300, While the valve 500 is shown as baving a furst jomt J1 between the
first portion 327 and the second portion 528, and a second jomnt J2 between the mer frame
550 and the outer frame 520, in some embodiments, any saitable number or type of joints can
be used to couple any suitable number of portions of the outer frame 520 together, and the

mner frame 550 to the outer frame 520,

{801.34] FIGS. 30A-42C lustrate various cmbodiments of a coupling jou(s) for
coupling an inner frame to an outer frame of a prosthetie heart valve such that the valve can
be reconfigured between a biased expanded configuration for implantation in the heart (e.g.,
within a native mitral annelus) and a delivery configuration that has a smaller outer perimeter
or profile {¢.g., wverted configuration) as discussed above, for example, with respect to valve
100, More specifically, the embodiments of FIGS. 30-42C illastrate various embodiments of
different coupling joints for coupling the outer frame to the inner frame soch that the outer
frame can be moved (¢ .g., rotated, pivoted, flexed) relative 1o the mner frame between a first
configuration and a second configuration in which the outer frame 18 inverted relative to the
mner frame. Hach of the embodiments of a prosthetic heart valve deseribed with respect to

FIGS. 30A-42C can mnclude the same or similar featores and can function the same as or
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sitnular to the prosthetic heart valves described above with respect to, for example, valve 100,
200 and 300, Thus, some features and details of the embodiments described with respect to

FIGS. 30A-42C are not desenbed below.

{80131} FIGS. 30A and 308 dlustrate a portion of a prosthetic heart valve, which
mehudes an inner frame assembly having an inner frame 650 and an ouder frame assembly
having an outer frame 6280, The prosthetic heart valve 600 {also referred fo as “prosthetic
valve” or “valve”) can be constructed sumilar to or the same as, for cxample, the prosthetic
heart valve 100 or valve 200 desenbed above. Specifically, FIGS, 30A and 308 dlustrate a
portion of the outer frame 620 and a portion of the imer frame 650 shown with the cuter
frame 620 in a first configuration and a second configuration, respectively. The outer frame
620 and the inuner frame 630 are coupled via a coupling jomt 646, In the lustrated
embodiment of FIGS. 30A and 308, the coupling joint 646 mcludes a hinge mernber 648, In
some cmbodiments, the hinge member 648 ¢an inclode a Hving hinge. The hinge member
548 can be formed of a material such that the hinge member 648 can flex or bend and permu
movement of the outer frame 620 relative to the mner frame 650, For example, as described
above for previocus embodiments, the coupling joint 646 (1.¢., hinge member 648} allows the
outer frame 624 to be moved from the first configuration as shown in FIG. 30A (o the second
configuration, as shown in FIG. 308, 1 which the outer frame 620 is mverted relative to the

mner frame 650,

6132 The hinge member 648 can be made of any swiable matenal mcluding, but not
hmited to, a polyvmer, an extracted natural tissue, an artificially enginecered tissae, an clastic
material {including superelastics), and/or the like. In some embodiments, the hinge member
648 1s made of the same matenals as the outer frame 920 and/or the mner frame 636, In
some embodiments, the linge member 648 can be miegrally formed and/or fused with the
outer frame 620 and/or the mwer frame 650, In other embodiments, the hinge member 648
can be attached to the outer frame 620 and/or the mner frame 650 by any suitable coupling
technique, mecluding suturing, spin coating, and/or the like. As shown 1o F1G. 308, when the
outer frame 620 1s 1 the second configuration (i ¢, inveried), the hinge member 648 flexes or

bends with the outer frame 620,

{86133} FIGS. 31A and 31B illostrate a portion of a prosthetic heart valve 6007 that
mchides the inner frame 650 and the outer frame 620, In this embodiment, the mner frame
650 and outer frame 620 are coupled at a coupling joint 6467 that includes a hinge member

5487 that 1s disposed in a substantially V-shape between the mner frare 650 and the outer
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frame 620, As with the previous embodiment, the hinge member 6487 can be coupled to the
outer frame 620 and the inner frame 650 m such a manner so as to allow for the outer frame
520 10 move relative 1o the inner frame 650 between a first configuration as shown mn FIG.
31A and a second configuraton as shown in FIG 31B. The hinge member 648 can be
formed with the same or similar materiads as described above for hinge member 648, and can
be coupled to the joner frame 630 and the outer frame 620 with anv of the coupling
techniques desenbed for hinge member 648, As shown m FIG. 31B, when the outer frame
620 13 moved to the second configuration (i ¢, mmverted}, the hunge member 6487 can bend or

flex with the outer frame 620,

{60134] FIGS. 32ZA-32C illustrate portions of a prosthetic heart valve 700, The
prosthetic heart valve {(also referred to as “prosthetic valve” or “valve™}) 700 mncludes an ounter
frame assembly 710 with an outer frame 720, and an nner frame assembly 740 with an tnner
frame 750, The valve 7060 also includes multiple coupling jomts 746 to couple the outer
frame 720 to the mner frame 750 such that the outer frame can be moved between a frst

configuration {as shown in FIGS. 32A-32C) and a second configuration {not shown) in which

the outer frame 720 1s iverted relative to the inner frame 750, As best dlustrated in FIGS.

(43

Z2B-32C, cach coupling joint 746 includes a support member 721 that defines two slots 7224
and 7228, and comesponding coupling portions 753 of the inner frare 730 that nclude tabs

761A and 761B. Also defined by the tabs 761A and 7618 are holes 756A and 756B.

HEHRRY To couple the outer frame 720 1o the iner frame 7530, the tabs 761A and 7618
are inserted mto the corresponding slots 722A and 7228 of the outer frame 720 as shown in
FIGS. 32A and 32C. Thus, the tab 736A 18 received within the slot 722A and the tab 7568 18
received within the slot 7228 as bost shown in FiG. 32C. In this manner, mechanical
attachment can be achieved between the outer frame 720 and the 1oner frame 750, In some
embodiments, the support member 721 can be formed integrally with the outer frame 720, In
such an embodiment, the ower frame 720 {and support member 755} can be made of any
suitable, ficwible material {eg, a shape momory metal such as Nitinol} that pormils
articulation between the frame portions of the outer frame 7290, such as frame portions 717
and 718 and the support member 721 such that the outer frame 720 can be moved between
the first configuration and the second configuration {Le., wwerted). o somce embodiments, the
frame portions {¢.g., frame portions 717, 718) can be formed separaiely from the support
member 721 and can be coupled o the support member 721 with a pivot joint such as a ball

and socket. In such an embodiment, the outer frame 720 can pivot relative to the support
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member 721 when moved between the first configuration and the second (nverted)

configuration.

{331 36] The mterliocking nature of the tabs 761A and 7618 within the slots 722A,
7228 provides for load beanng without additional components such as sutures.  In some
cmbodiments, as llustrated, the tabs 761A, 7618 can include the holes 760A, 760B that can
receive a stop member {not shown) such as, for exampie, a pin and/or other component fo
prevent the tabs 761A. 761B from coming out of the slots 7224, 722B. In some
embodiments, one or more strands or suture can be used as the stop member. For example,
the suture strands can be threaded through the holes 7564, 756B and/or wrapped about the
tabs 7T61A, 761B. As best ihlustrated in FIGS. 32B-32C, the coupling portion 755 of the tnner
frame 750 can also melude one or more holes 737 for aiding in attachment {o.g., via sutures)

of other componeuts, such as, for example, the covering 232 lustrated 1n FIG. 3.

{61371 Although two tabs 761A, 7618 and two slots 7224, 7228 are included at
coupling joints 746, it should be understood that vanations from the illostrated embodiment
mn FIGS. 32A-32C are within the scope of this disclosure. For example, any suitable number
of tabs and slots can be emploved to atiach the outer frame 720 and the mner frame 750,
mecluding a single tab/slot mechamism.  As another example, any suitable seometry of the

support member 721 and/or the coupling portion 753 can be employed.

3138 To deliver the valve 700 to a heart of a patient, in some cases it may be
desirable to dehiver the outer frame 720 and the iomer frame 730 prior o being coupled
together at the coupling joimts 746, In such an embodiment, the outer frame 720 and the
mner frame 750 can be loosely coupled with a suture strand 753 as shown in FIG. 33A and
33B. The suture strand 753 is threaded through the opening 756 of the coupling portion 735
of the inner frame 750 and through the slot 722 of the support member 721 of the outer frame
720, Although a smgle suture strand 753 18 shown, it should be anderstood that a suture
strand 753 can be disposed through each of the slots 722 of the outer frame 720 and the
openings 756 of the mner frame 750, With the mner frame 750 coupled to the ouler frame
726 via the suture strand 753, the outer frame 720 can be wmverted separately from the tmer
frame 750 and then loaded into a delivery sheath (not shown) along with the wmer frame 750
such that the wmer frame 750 is disposed proximal of the outer frame 720 within the delivery
sheath. As shown in FIG. 33A, a clip 766 and a stop clement 767 are coupled to the subure
strand 753 and can be used to scoure the mner frame 750 to the outer frame 720 as described

m more detaii below.



WO 2016/112085 PCT/US2016/012305

{80139} More specifically, 1o deploy the valve 700 into the heart of a patient, a distal
end portion of the delivery sheath is disposed within the left atrivim and the outer frame 720 1
moved outside of the distal end of the debivery sheath and mto the left atrium. Upon being
moved outside of the delivery sheath, the ounter frame 720 can revert and assume a biased
expanded configuration. The tnoer frame 750 can be moved into a nested position within the
outer frame 720 and the tabs 761A and 7618 can be disposed within corresponding slots
722A and 7228 of the sapport member 721 of the outer frame 720, The suture strand 753
can be pulled procamally such that the stop element 767 {coupled to the suture strand 753} is
puiled against a distal side of the support member 721, and the chip 766 can be shid distally
toward the support member 721 to secure the mmer frame 730 to the outer frame 720, The
clip 766 can be capable of sliding along the suture strand 753 while having sufficient friction

force to hold the clip 766 to the suture strand 753 i a desired location.

{00146 FIG. 33B dlustrates a variation to the above embodiment in that the subwre
strand 733 does not have a clip or stop clement coupled thereto. In this example
embodiment, the suture strand 753 1s threaded through the slot 722 of the support member
721 from a distal side, through the opening 759 of the tab 761, and then back through the slot
722 from a proximal side such that the two end portions of the suture strand 753 extend from
the distal side of the support member 721, The two end portions of the suture strand 753 can
extend through a gap between the native mitral annulas, through the left ventricle and out of
the apex of the heart.  For example, a procedural catheter can be mserted through a puncture
site af the apex and the two ends of the suture strand 753 can extend through a fumen of the
procedural catheter. The outer frame 720 and the mner frame 750 can be deploved as
described for FIG. 334, and then the two suture end portions can be pulled taut to secure the
tab 756 within the slot 722, For example, the two suture ond portions can be tied to form a
knot on the distal side of the support member 721 or otherwise secured in place to provent the

tab 761 from pulling out of the slot 722,

{0141} FIGS. 34A and 348 illustrate a portion of an outer framme 820 and a portion of
an ner frame 850 of a prosthetic heart valve 800, according to an embodiment. The outer
frame 320 15 coupled to the mner frame 820 at a coupling joint 846 such that the cuter frame
320 can be moved {e.g., rotated, pivoted) between a first configuration relative fo the wmer
frame 850, as shown in FIG. 34A, and a second configuration relative to the mmner frame 850,
as shown in FIG. 348, in which the ooter frame 820 is wnverted relative to the mmer frame

850, In this embodiment, the coupling joint 846 includes holes 856A and 8568 defined by

29



WO 2016/112085 PCT/US2016/012305

the nner frame 850 and a suture 838 that is threaded or wrapped through the holes 856A and
8568, More specifically, a portion of the outer frame 820 is disposed agamnst a portion of the
mnet frame 850 and the suture 853 is wrapped around the portion of the outer frame 820 and
through the holes 856A and 856B. (e or more sutures 858 can be used and/or the suture(s)
858 can be wrapped multiple times around the portion of the outer frame 820 and through the
holes 836A and 8568, The suture 858 can be made of any smitable matenal, including shape
memory polvmers, polvester, tissue, and/or the like. In some embodiments (not shown), an
mterface layer of Nitinol or other saitable maierial can be disposed between the outer frame
820 and the wwer frame 830 fo provent abrasive comtact. Such an interface material is

described with respect to valve 1100,

[06142] Asg also illustrated m FIGS. 34A and 34B. the outer frame 820 includes
protrasions 8537A, 85378 formed thereon. The protrusions 857A, 8578 are sized and located
such that, after the cuter frame 820 and the inner frame 850 are coupled with the suture €58,
the protrusion 837A is located on one side of the suture 838, and the protrusion 8578 15
located on the opposiic side of the sutwre 858, Jun this maoner, the outer frame 820 has
hmited lateral mobibity with regpect to the mmer frame 850 due to the suture 858 being

constrained between the protrusions 837A, 8578,

{80143} In some embodiments, | the position of the protrusions 857A, 8578 can be
manipulated to affect the desired lateral mobility of the cuter frame 820, In some
embodiments, while the holes 856A, 8568 are illustrated as positioned {o have a distance
between them that i1s greater than the diameter/width of the outer frame 820, in some
embodiments, the ocuter frame 820 can have a greater drameter/width than the distance
hotween the holes 856A, 8568, In other words, the outer frame 820 overlaps a portion of the

holes 856A, 8568,

01441 FIG. 35 dlustrates a portion of an outer frame 920 and a portion of an joner
frame 950 of a prosthetic heart valve 900, according to another embodiment. The outer
frame 920 15 coupled to the mner frame 920 at a coupling joint 946 such that the cuter frame
926 can be moved {e.g., rotated, pivoted) between a first configuration relative to the wwmer
frame 950, as shown m FIG. 35, and a second configuration relative to the mmner frame 350
{not shown}, in which the outer frame 920 1s inverted relative to the inner frame 958, In thig
crabodiment, the coupling joint 946 includes a pin assembly 925 that can be received through
through-~holes 933A and 9338 defined by frame portions 917 and @18, respecuvely, of outer

framne 920 and through a corresponding through-hole 936 defined by the ner frame 950
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{00145} The pin 925 includes stops 934 disposed on the ends to prevent the pin 923
from being removed. One or both of the stops 934 can be removably coupled to the ends of
the pin 925, For example, the stops 934 can be coupled to the pin 923 m any suitable manner
mclading, but not limited to, threaded attachment, compression fit, adhesive {inchuding
pressure sensitive adhesives) and/or the like. The diameter/width of the pin 925 is less than
the diameter/width of the through-hole 956 and the diameter/width of the through-holes 933A
and 9338, and the diameter/width of the stops 934 is greater than the diameter/width of the
through-hole 936 and the diameter/width of through-holes 933A, 9338, In this manner, the
stops 934 can restrict lateral movement between the outer frame 920 and the mner frame 959,
but peratt the relative rotation of the outer frame 920 about an axis defined by the length of

the pin 923,

{80146} In some embodiments, the pin 9235 can be made of any suitable rigid matenal,
such as meial.  In other ombodiments, the pin 925 cap be made of any suitable flexible
material, such as a polymer. In some embodimenis (not shown), sutures are emploved
mstead of the pin assembly 958 1o restrict lateral moverment between the outer frame 920 and

the inner {rame 950,

{80147} FIG. 36 dlustrates a portion of an outer frame 1020 and a portion of an tnner
frame 1050 of a prosthetic heart valve 1000, according to an embodiment. The outer frame
1026 1s coupled to the mner frame 1050 at a coupling joint 1046 such that the outer frame
1020 can be moved {c.g., rotated, pivoted) between a first configuration relative o the ner
frame 1030, as shown n FIG. 36, and a second configuration relative to the muper frame 1050
{not shown), in which the outer frame 1020 8 roverted relative to the mer frame 1050, The

coupling joint 1046 is described 1n detail below.

{06148 in this embodiment, the inner frame 1030 inchides a loop stracture 1051 that
meludes amms 10531A, 10518 that define an opening 1015 between the arms 10514, 10518
The loop structure 1051 also mehides throsgh-holes 1056A, 10568 defined by arms 1031A,

10318, respectively.

{86149 The outer frame 1020 meludes a stub portion 1013 sized to be disposable
within the opening 1015 of the inner frame 1050and defines a through-hole 1033 configured

e

to be substantially aligned with the through-boles 10364, 10568 of tuner frame 1050

{80158] To couple the outer frame 1020 to the tnner frame 1050, a pin 1025 15 inserted

through the through-hole 1056A, the through-hole 1033 and the through-hole 10568, Similar

1

Ll



WO 2016/112085 PCT/US2016/012305

to the pin 925, and as illustrated o FIG. 36, the pin 1023 can include stops 1034 on ends
thereof to prevent the pin 1023 from being removed. The pin 10235 and the stops 1034 can be
constructed the same as or sinular to the pm 925 and stops 934 descnbed above. The
diameter/width of the pin(s) 1025 15 loss than the diameter/width of the through-holes 1(56A,
10568 and the diameter/width of the through-hole 1033, while the diameter/width of the
stops 1034 1s greater than the diameter/width of the through-holes 1056A, 10568 and the
diameter/width of the through-hole 1033, In this manner, the pin 1025 can restrict lateral
movement between the outer frame 1020 and the toner frame 1030, but permit the relative

rotation of the outer frame 1020 about an axis defined by the length of the pin 1025,

{06151 Fi(. 37 dlustrates a portion of an ouvter frame 1120 and a portion of an inner
frame 1150 of a prosthetic heart valve 1100, according to an embodimend. The outer frame
1128 s coupled to the toner frame 1120 at a coupling jomt 1146 such that the outer frame
1120 can be moved {e.g.. rotated, pivoted) between a first configuration relative o the inner
frame 1150, as shown i FYG. 37, and a second configuration (not shown} relative to the 1oner
frarne 1150, which the outer frame 1120 15 mverted relative to the muer frame 1010 In
this embodiment, the couphing joint 1146 includes sutures attached to the mner frame 1150

and to the outer frame 1120 via holes defined in each as described in more detail below.

{06152} More specifically, the mner frame 1150 defines an opening 1156, The outer
frame 1150 meludes frame portions 1117 and 1118 disposed on cach side of the inner frame

1130, The frame portions 1117 and 1118 cach define abole 1133A and 11338, respectively.

{06153 Ag shown in FIG. 37, a suture portion 1158A s threaded or looped through the
opening 1133A and the opening 1156 and a sutwe portion 1158B s threaded or looped
through the opening 11338 and the opening 1156, The suture portions 11584, 1158B can be
tied or otherwise sccured o position. The suture portions 1158A, 1158B thus secure the
framae portions 1117 and 1118 1o the inner frame 1150, while allowing motion of the frame
portions 1117 and 1118 relative to the mmer frame 1150 o move the outer frame 1120
between the first configuration and the second mverted configuration. The suturgs 11384,
11388 provide for a hinge-like effect. It is understood that while sutures 1158A, 11588 are
shown to be mdependent of cach other, anv suttable suture patiern can be employed, such as
the use of a single suture runming through the opening 1156 and the openings 1133A, 11338,
a suture running between the openings 1133A and 1133B, combinations thereof, and/or the
kke Furthermore, cach of the suture portions 1158A and 11588 can mciude one or more

suture strands and/or one or more wraps of the suture portion through the openings.
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{06154} FIG. 37 also llustrates inderface members 11494, 11498 that can be disposad
between the inner frame 1150 and the frame portions 1117 and 1118, respectively, of outer
frame 1120, The mierface members 11494, 11498 are sized and located to substantially
prevent abrasive contact between the mner frame 1150 and the outer frame 1120, and/or to
substantially prevent slippage of the outer frame 1120, In some embodiments {not shown),
the interface members 1149A, 1149B can be continuous with each other, and can encircle the
muper frame 1150, save for openings consistent with the opening 1156, The intoerface
members 1149A, 11498 can be formed of any suitable material, such as, for example,

polvester,

{(0185] FIG. 38 dlustrates a portion of an outer frame 1220 and a portion of an tnner
frame 1250 of a prosthetic heart valve 1200, according to an embodiment. The outer frame
1226 15 coupled to the mmer frame 1250 via coupling joints 1246, This embodiment 15
similar to the previous cmbodiment in that the coupling portion 1246 includes sutures

attached to holes in the outer frame 1220 and holes m the inner frame 1250,

(31 56] More spectfically, the inner frame 1230 defines a pair of openings 1256A and
12568, The outer frame 1230 includes frame porttons 1217 and 1218 disposed on cach side
of the wmner frame 1258, The frame portion 1217 defines a pair of openings 12334 and
123347 and the frame portion 1218 defines a pair of openings 12338 and 123387, In this
embodiment, a sufure portion 1238 is threaded or looped through the openings 1233A,
H33A° then a portion of the suture 12358 1s mserted through a front side of the opening
1256A, back through the opening 1256B, into the opening 1233B and looped through the

opening 123387 The suture 1238 can be tied or otherwise secured in position.

{80157 The suture 1258 thus secures the frame portions 1217 and 1218 to the wner
frame 1250, while allowing motion of the frame portions 1217 and 1218 relative to the inner
frame 1230 1o move {e.g., rotaie, pivot) the outer frame 1220 between a fivst configuration {as
shown in FIG. 38} and a second inverted configuration (not shown). The single suture 1258
through openings 1256A and 12568 may help reduce binding during movement of the outer
frame 1220, Although a single suture 1258 is shown, U should be understood that the suture
1258 can mclude one or more strands of suture matenial.  In addibion, any sustable suture
pattern can alternatively be emploved and the suture 1258 one or more wraps of the suture
through the openings. Also shown in FIG. 38, interface members 12494 and 12498 can be

mcluded o prevent abrasive contact between the nner frame 1230 and the outer frame 1220

[
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The mterface members 1249A, 12498 can be the same as the interface members 11494,

11498 described above.

{303188] FIG. 39 dlustrates a portion of an outer frame 1320 and a portion of an tnner
frame 1350 of a prosthetic heart valve 1300, according to another embodiment. The outer
frame 132{ 18 coupled to the tner frame 1350 via coupling joints 1346, In this embodiment,
the coupling joint 1346 includes a hinge member 1348 and a tether assembly 1365 as

described 1 more detad below.

LR The hinge member 1348 can be the same as or similar to the hinge member
648 described above for valve 660, The hinge member 1348 can be flexible to allow the
outer frame 1320 to move relative to the mner frame 1350 between the first configuration and
the second nverted configuration. In some embodiments, the hinge member 1348 can bt
the planc of motion of the outer framue 1320 with respect o the toner frame 1350, The hinge

member 1348 can fumction, for example, as a living hinge.

{06160 Asg shown in FIG. 39, the tether asscrably includes a tether 1368, a stop
member 1367 and an optional clip 1366, The tether 1368 can be received through a through-
hole 1356 defined by the wmer frame 1350 and 3 through-hole 1333 defined by the outer
frame 1320, Simiar {o as deseribed above with respect to the sutare 753 for valve 760 (FIG.
33A)}, the stop member 1367 can be disposed on an end of the tether 1368 and the clip 1363
can be shdably coupled to the tether 1368, The stop member 1367 can be for example, a knot
formed on the end of the tether 1368, or any other suitable stop member with a size/diameter
farger than the through-holes, 1356 and 1333 The chip 1366 can be configured to be slidable
along the tether 1368, yet have sufficient friction o mammtain a desired position along the
tether 1368, In some cases, a clip 1366 may not be desired. For example, when the clip 1366
is disposed toward the apex side of the valve, as shown i FIG. 39, anidirectional forces on
the tether 1368 can be sufficient to mamtain the stop member 1367 agamst the outer side

portion of the outer frame 1320, Thas, the chp member 1366 can optionally be excluded.

{66161} The tether 1368 can be, for example, a flexible member similar (o the tether
290 described above for valve 200, The tether 1368 can be formed with any suitable matenial
such as, for cxample, a braided string/thread. The stop member 1367 5 configured to be
disposcd outside the through-hole 1336 and the through-bole 1333, on an outer side of the
ouler frame 1320, The clip 1366 15 disposed on an outer side of the mwmer frame 1350 and can

be configured to be slidable along the tether 1368, vet have sufficient friction to mamtain its
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position along the tether 1368, Thus, the inner frame 1350 and the outer frame 1320 can be

disposed between the stop member 1367 and the clip 1366,

{06162 In use, the tether 1368 can be pulled n a direction of arrow A such that the
stop member 1367 is pulled against the outer side of the outer frame 1320, and the chip 1366
can be shid up agamst the outer side of the inner frame 1350, Thus, although the hinge
member 1348 can couple the mner frame 1350 to the outer frame 1320 in a similar manner as
described for valve 600, the tether 1368 can be used fo provide further securement withowt
miterfering with the ability of the outer frame 1320 to rotate or pivot about the hinge member
1348, In addibon, the tether 1368 can be uwsed m place of the proximal struts of the valve

1300 (see, o.g.. struts 243A in FIG. 6 and B).

{86163} In some embodiments, the tether assembly 1365 ¢an be used along to couple
the mner frame 1350 to the outer frame 1320, without the hinge member 1348, In such an
embodiment, as described for valve 700 with respect to FIGS. 33A and 338, the outer frame
1320 and 1oner frame 1350 can be delivered prior to being securelv coupled together. For
gxample, the outer frame 1320 and the inner frame 1350 ¢an be loosely coupled via the tether
assembly 1365 and be loaded 1nto a delivery sheath (not shown} with the outer frame inverted
upon itself and disposed distal of the mner frame 1350, A distal end portion of the delivery
sheath can be disposed within the lefl atnam and the outer frame 1320 can be moved outside
of the delivery sheath and into the left atrium.  Upon being moved outside of the delivery
sheath, the outer frame 1320 can revert and assume a biased expanded configuration. The
mner frame 1330 can be moved into a nested position within the outer frame 1320 and the
tether 1368 can be pulled such that the stop member 1367 is pulled against the outer side of
the outer frame 13290 and the clip 1366 can be shd toward the outer side of the inner frame

1350 o secure the nner frame 1350 to the outer frame 1320,

j0164] FIG. 40 illustrates a portion of an outer frame 1420 and a portion of an 1oner
frame 1430 of a prosthetic heart valve 1400, according to some embodiments. In this
embodiment, the outer frame 1420 is coupled to the inner frame 1430 via a coupling joint
1446 that mcludes a binge member 1448 that can be the samge as or similar to and function the
samse as or similar to the hinge member 6438 of valve 600, The valve 1400 also melades a
tether assembly 1465 that includes a tethor 1468 and a stop member 1467, As shown i FIG.
40, in this eobodiment, the tother 1468 s disposed through only a through-hole 1433 defined
by the outer frame 1420, Thus, the tcther assembly 1468 in this embodiment serves only to

replace the proximal struts of the valve 1400
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{06165] FIGS. 41A-41K illustrate a portion of a prosthetic heart valve 1500, according
to an embodiment. The prosthetic heart valve 1500 {also reforred to as “prosthetic valve” or
“valve”} meludes an mner frame assembly 1340 having an mner frame 1550, and an outer
frame assembly 1510 having an cuter frame 1320 {see FIGS. 41G-41). The outer {frame
1526 is coupled to the inver frame 1336 via a coupling joint 1546 (see FIGS. 416415 In
this embodiment, the coupling jomnt 1546 meudes sutures wound about the tner frame 1550

and the outer frame 1520 as described 1 more detail below.

06166 As shown m FIGS. 41B and 41C, which are detail side and front views,
respectively, of encircled arca A in FIG. 41A, frame portions of the inner frame 1550 define a
pair of openings 1356A and 1356B. Each of the through-holes 15356A, 15568 is generally in
a half-circle shape, although other shapes are within the scope of the disclosure.  For
exanple, FIGS. 42A-42C illustrate an example embodiment of an immer frame 1650 having
through-holes 1656A, 16568 that are generally round. As shown in FIGS. 428 and 42C, a
suture 1658 can be wound about the tnner frame 1650 through through-holes 1656A and

16568 i a sunilar manner as described below for valve 1500,

{66167) Ag shown in FIGS. 41E and 41F, a portion of suture 1358 is wound through
the through-holes 1556A, 153368 and avound a portion of the wmer frame 1550 disposed
between the through-holes 1356A, 15568, The half-circle shape of the through-holes 15564,
15568 provides a relatively flat surface sach that when the seture 1558 1s wound about the
portion of the mner frame 1550, a relatively flat platform 18 provided for interfacing with
additional sutures used to attach the outer frame 153530 o the nner frame 15330 (sec FIGK

40G-40], deseribed in detail later). |

{06168 Referring to FIGS. 41G-4 11, which ilustrate the outer frame 1520 coupled to
the inner frame 1530, the frame members of the suter frame 1520 define a through-hole 1533
through which a second suture 15587 15 recerved. More specifically, the second suture 15587
s wound through the through-hole 1533, arcund an end of the outer frame 1520 and then
wound throogh the through-holes 1556A and 15568 of the inper frame 1359, as best shown
m FIG. 41H. The second suture 15387 can be wound to form mubtipie layers of windings that
run through the through-the 1333, and the through-holes 1336A, 15568, Thus the suture
15587 15 disposed over portions of the sature 1558 that 1s wound about the inner frame 1530
within the through-holes 13564, 15368, providing frictional, non-shidiog contact. The end
portion of the outer frame 1329 abuts the portion of the suture 1538 disposed on an exicrior

surface of the 1oner frame 1550 as shown m FIG. 41H In this maoner, the suture 1558
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prevents abrasive contact between the outer frame 1520 and the mner frame 1550, while
perrattting the outer frame 1520 t© move {e.g., pivot, rotate} between the first configuration
and the second mverted configuration relative to the immer frame 1550, The suture 1558
and/or the suture 1535387 can independently be made of any suitable material mcluding, but not
fimited to. nvion, polyester, polyvinylidene fluoride (PYDF), polvpropyvlene, combinations

thereof. and/or the like.

{00169 FIGS. 43-48 dlustrate an aliemative method of delivering a prosthetic valve
within an annulas of a heart via a transtemoral delivery approach. As shown i FIG. 43, a
procedoral catheter 1735 1s inserted through an apical puncture {(e.g., a SF apical puncture} in
a ventricular wall at the apex Ap of the beart H A guide wire 1737 13 inserted through a
fumen {(not shown) of the procedural catheter 1735 and extended through the left ventricle
LY, through a miral valve gap and nto the left atnum LA, A debivery sheath 1726 5
mtroduced through a femoral vein ponctare and extended through the inferior vena cava, into
the right atrinm, and then through a transseptal puncture of the septum Sp of the heart H, and
mito the left atrum LA of the heart H. A spare device 1719 13 movably disposed within the
debivery sheath 1726 and used to grab or snare a distal end portion of the guide wire 1737, as
shown i FIG. 43, The snare device 1719 can be used to pull the guide wire 1737 through the
delivery sheath 1726 such that the distal end portion of the guide wire 1737 extends outside
the femoral vein and a proximal end of the gwmde wive 1737 15 disposed through the
veniricalar wall af the apex Ap of the heart H, as shown m FIG. 44, Although not shown
FIGS. 43 and 44, the procedural catheter 1733 is disposed outside the patient’s body, the
distal end of the guide wire 1737 extends outside the femoral vein and outside the patient’s
body, and the proximal end of the gnde wire 1737 extends outside the apex Ap and outside
the patient’s body. Although the above described snare process describes delivering the
guide wire 1737 1o the left atrium of the heart and then sunanng the guide wire 1737 using the
snare device 1719, in aliemative embodiments, the guide wire 1737 can be dehveored o the
left ventricle LV and the snare device 1719 and delivery sheath 1726 can be mserted through
the mitral annules and mto the left ventricle LY to grab or snare the guide wire 1737 as

described above.

{06178 After the guide wire 1737 has been extended berween the apex Ap and the
access ste to the femoral vein, the delivery sheath 1726 can be romoved. A leader tube 1724
is loaded over the guide wire 1737 starting outside the heart (and outside the procedural

catheter 1735) and exiting the femoral vein at the fermoral punciure site as shown in FIG. 45
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As shown in FIG. 45, the leader tube 1724 mcludes a balloon dilator member 1711 that is
mserted udo a distal end of the delivery sheath 1726 and disposed partially over a distal end
portion of the prosthetic valve 1700, For example, the balloon dilator member 1711 can have
a collapsed or uninflated configuration (not shown) for delivery over the guide wire 1737 and
can then be miffated or otherwise moved to an expanded configuration as shown i FiG. 43
Also shown in Fi(. 45, a pusher 1738 is disposed within the tumen of the delivery sheath
1726 and can be used to move or pash the prosthetic valve 1700 mnto the left atrium LA, as
described 1n more detail below. With the feader tube 1724 disposed between the fomoral
puncture siie and the apex of the heart, the guide wire 1737 can be romoved. Although not
shown n FIGS, 45-47, the procedural catheter 1735 remains mserted into the left ventricle

LV of the heart as shown i FIGS. 43 and 44,

{86171} The prosthetic valve 1700 can be configured the same as or sintlar to the
prosthetic valves described berein.  The prosthetic valve 1700 {(shown schematically within
the delivery sheath 1726 w Fi. 435} can be disposed in an tnverted configuration within the
delivery sheath 1726 to reduce the overall outer perimeter of the prosthetic valve 1700, A
tether 1736 15 coupled to a distal end portion of the prosthetic valve 1700 (sec FIGS. 47 and
4%y, The tether 1736 can be threaded through the leader tube 1724 prior to the leader tube
1724 being disposed within the distal end of the delivery sheath 1726, For example, as
previousiy described, the tether 1736 can include a valve leader mermber (not shown) . The
valve leader momber can have a tapered distal end to aid in the msertion and maneovering of
the valve leader member through the leader tube 1724, The valve leader member can be
attached at a proximal end portion of the tether 1736, which 13 attached to the valve 1700,
The tether 1736 can be formed, for example, as a bradded rope or cord. The tether 1736 can
be threaded through the leader tube 1724 with the valve leader member extended out the apex

of the proximal end of the leader tube 1724 outside the apex of the heart. Thus, the tether

17

L2

6 extends between the apex Ap and the femoral puncture site where it 13 coupled 1o the

valve 1700,

6172 The delivery sheath 1726 can then be mserted through the fomoral punciure
site and moved through the foemoral vein, through the inferior vena cava, into the right atrium,
and then through the septum Sp untid a distal end portion of the delivery sheath 1726 {with
the valve 1700} 15 disposed within the lefl atnum LA, as shown in FIG. 46, The dilator
balloon member 1711 can provide a smooth lead-in to assist in maneavering the distal end of

the delivery sheath 1726 through the femoral vein and within the heart.  Altbough the
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delivery sheath 1726 is used to deliver both the snare device 1719 and the valve 1700, i
other embodments, a different delivery sheath can be used to deliver the snare device 1719

than 1s used to deliver the valve 1700,

{06173 With the distal end of the delivery sheath 1726 within the left atrium LA, the
leader tube 1724 can be removed through the apex Ap, leaving the tether 1736 extended
between the valve 1700 and outside the apex Ap of the heart {see FIG. 47}, For example, the
balloon dilator member 1711 can be moved back 1o a collapsed configuration for removal
through the procedural catheter 1735, The procedural catheter 1733 can then also be
removed. The pusher 1738 can be used to push or move the valve 1700 out the distal end of
the defivery sheath 1726 and within the left atrium LA of the heart as shown in FIG 47, As
the valve exits the distal end of the delivery sheath 1726 the valve 1700 can revert and retum
to is original undeformed shape as descnibed above, for example, for valve 200, For
example, the valve 1700 can be formed with a shape-memory material and can have a based
vodeformed shape and can be manpulated and/or deformed {e.g., compressed and/or
expanded) and, when released, return 1o 1ts ongimal undeformed shape. The valve can be, for
example, a valve constructed the same as or similar to, and fimction in the same or similar

manner as, the prosthetic heart valve 200, described above.

{80174} As shown in FIG. 47, the tether 1736 extends from the valve 1700 through the
apical puncture and outside the patient’s body. As the delivery sheath 2026 s advanced, the
tether 1736 can optionally be pulled at the apex end to help move the dehivery sheath 1726,
with the valve 200 disposed therein, through the femoral vein, through the septal puncture
and into the left atriom LA, The valve 1700 can then be folly deploved within the feft atrium
LA, as shown i FIG. 48, by using the pusher 1738 described above and/or by puling the
apex end portion of the tether 1736 until the valve 1700 1¢ pulled out of the lumen of the

delivery sheath 1726 and disposed within the left atrivm LA

30175} In some embodiments, the pusher 1738 can also be used to aid m positioning
the valve 1700 in a desired radial oricntation within the left atriom LA, For example, the
pusher device 1734 can define an winternal lumen (not shown) that can be placed over an tner
frame portion of the valve 1700 {o hold the 1oner frame portion in a small diameter, which
can help enable the valve 1700 o be positioned in a desired rachal onentation and be scated
within the annulus of the miural valve. Further examples of such a valve assist device are

described below with reference to FIGS. 49-51
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{86176 As shown in FIG. 48, as the valve 1700 is deploved within the left atrivm LA,
the valve 1700 15 aliowed fo assume its biased expanded or deploved configumation. The
delivery sheath 1726 can then be removed from the patient and the valve 1700 can be
posiioned and tensioned using the tether 1736 to obtain the desived or optimal location in the
native mitral anouius and mununize perivablvular leaks. An epicardial pad device 1739 {as
descabed above) can be used to secure the tether 1736 and valve 1700 m position within the
mitral ammfus. In some embodiments, rather than securing the prosthetic mitral valve with a
tether and epicardial pad, the prosthetic mutral valve can be secured with clips or other
coupling methods to a portionds) of the mttral valve apparatus and/or the ventnicular wall of

the heart.

{06177} FIGS. 49 and 50 dHustrate an optional wire assist structure that can be used
during a procedure o deliver a prosthetic heart valve, for example, transfomorally as
described above for previous embodiments. A wire assist struchure 1801 can be releasably
coupled to a valve 1800 as shown in Fi(7. 49 The valve 1800 can be constructed the same as
or similar to, and funciion the same as or similar fo, the valves descnibed above for previous
embodiments. For example, the valve 1808 can include an outer frame 1820 and an inner
frame 1850, The wirc assist structure 1801 can be releasably coupled to the inner frame 1850
as shown mn FIGS. 49 and 50, For example, releasable connectors (not shown) can be used to

couple the wire assist structure 1801 to the inner frame 1850,

{6178 In use, the wire assist structure 1301 can be movably disposed within a
debivery sheath 1826 used to dehiver the valve 1800 to the heart. The wire assist structure
1801 can hold the inser frame 1830 and provide positioning control of the valve 1800 {ic,,
clocking and advancement) while the outer frame 1830 of the valve 1800 s fully expanded,
which aliows the valve 1800 o be functioning during the positioning phase. When the valve
1800 is m the desired final position, the wire assist struchure 1801 can be released from the

mner frame 1850 and removed with the delivery sheath 1826

{06179 FIG. 51 iHustrates another optional assist member that can be used during a
procedure to deliver a prosthetic heart valve transfemorally.  An assist member 1902 can be
i the form of a tubular member defining a lummen with a diameter sized 1o receive at least a
portion of the inner frame 1950 of a valve 1900, The valve 1900 can be constructed the same
as or sumilar to, and function the same as or simlar to, the valves described above for
previous embodiments. For exaraple, the valve 1900 can include an outer frame {(not shown)

and the mner frame 1950 as desceribed above for previous embodiments.

4G



WO 2016/112085 PCT/US2016/012305

{00184 In use, the assist member 1902 can be movably disposed within a delivery
sheath {not shown} used to debiver the valve 1900 and be disposed over at least a portion of
the inner valve assemmbly (e.g., inner frame 1950}, As with the wire assist structure 1801, the
assist member 1902 can hold the inner frame 1950 m a small compact configuration and
aliow for positioning control of the valve 1900 (¢, clocking and advancement} while the
outer frame of the valve 1900 is being expanded. This can m some cases allow the valve
1900 1o be functioning {or at least partially fonctioning) during the positioming phase of the
valve 1900, With the imner frame 1930 held 1n a compact or small diameter form factor, the
valve 1900 can be more casily positioned o help seal the annulus with the outer frame {not
shown} of the valve 1900, When the valve 1900 15 m the desired final position, the assist

member 1902 can be removed.

{00181} FIG. 52 18 a schematic illustration of debivery svstem that can be used to
deliver and deploy a prosthetic heart valve within a heart of patient with, for example, a
transvascular approach. o this embodument, a delivery svstem 2003 includes a delivery
sheath 2026, a valve holder 2038 (also referred 1o as a “pusher™), and one or more actuation
wires 2074 and 2076, In this schematic illusiration, only two actuation wires are iHlustrated,
but inn other embodiments, only one actuation wire or more than two actuation wirgs can be

used.

{06182 The deltvery sheath 2026 can be used to deliver a valve 2000 dhat includes an
mner valve assembly 2040 mcluding an tmer frame {(vot labeled m FIG. 32) and an outer
valve assembly 2010 including an oster frame (not Iabeled in FIG. 32}, The valve 2000 can
be constructed the same as or similar to, and function the same as or similar to, for example,
the prosthetic valves descrbed heremn {e.g., valves 100, 200, 300, 400, cic) and can be
moved between a deploved or expanded configuration and a delivery configuration in which
the outer frame 1 disposed i an nverted postion relative to the mner frame as described
above. As shown in FIG. 52, the valve 2000 can be disposed within a lumen of the delivery
sheath 2026 when the valve s 1 the delivery configuration {i¢., the outer frame is 1nverted
relative to the immer frame). The valve holder 2038 13 coupled 1o the inner valve assembly
2040 and the actuation wires are coupled to the ovter fame assembly 2010, The valve holder
2038 can be releasably coupled to the mner frame assembly 2040 with couplers, as descrbed

i more detail below with reference to FIGS. 53-88(C.

{01834 The actuation wires 2074 and 2076 can be coupled to the outer fame of the

outer valve assembly 2010 with a vanety of different coupling rethods. For example, the
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outer frame 2010 can mehide loops {as described in more detail below with reference to
specific embodiments {see, c.g., Fi. 37)) through which the actuation wires 2074 and 2076
can be recetved or threaded. The number of loops on the outer frame can vary and the
number of loops through which cach actuation wire is connected can vary. For example, in
some embodiments, the cuter frame includes 12 loops and a first actuation wire is threaded
through & of the loops and a sccond actuation wire 18 threaded through 6 of the loops. In
other embodiments, the outer frame can include 12 loops and there can be 4 actuation wires,
cach coupled to 3 of the loops. In some embodiments, a single acteation wire 18 coupled

through all of the loops of the outer frame.

{3184 The delivery sheath 2028 can be used to debiver the valve 2000 to the left
atrium of the heart as described above for provious enbodiments. When the distal cod of the
delivery sheath 2026 18 disposed within the left atram, the valve 2000 18 moved out of the
himen of the delivery sheath 2026 using the actuation wires 2074, 2076 to assist 1o pulling
the valve 2000 out of the delivery sheath 2026, In some case, the valve holder 2038 can also
be used to push the valve 2000 out of the delivery sheath 2026, More specifically, the
actuation wires 2074 and 2076 can extend from the outer valve assembly 2010 out a distal
end of the delivery sheath and extend proximally. In some embodimends, the actuation wires
2074, 2076 extend proximally outside the delivery sheath 2128, then pass back into the fumen
of the debivery sheath 2026 through side apertures or holes (not shown) and then out a
proximal end of the dehvery sheath 2026, Thus, a user {¢.g., physician} can pull the proximal
end portions of the actuation wires 2074 and 2076 to in ture pull the owler frame asscmbly
2010 out of the distal end of the debivery sheath 2026, In some embodiments, the actaation
wires 2074, 2076 extend proximally from the outer valve assembly 2010, back through the
distal end of the delivery sheath 2026 and within the lumen of the delivery sheath, and then
out a proximal end of the dehivery sheath 2026 Various different embodiments and

configurations are described i more detail below,

{B0185] As the outer frame assembly 2010 exiis the dehivery sheath 2026 1t will stilf be
m an nverted configuration relative 1o the mnner frame assembly 2040, After the outer frame
assembly 2010 is at least partially ouvtside of the lomen of the delivery sheath 2026, the outer
frame assembly 2010 can begin to revert to #s expanded or deploved configuration {not
shown m FIG. 52} In this embodiment, bowever, the actuation wires 2074 and 2076 can
function to selectively {e.g., by an operator} assist and/or control the expansion, deployment

and/or articulation of the valve 2000 as the valve 2000 is delivered to the heart. In this
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manner, in use, the proximal end portions of the actuation wires 2074, 2076 can be pulled
distally to manipulate the outer frame assembly 2010 to assist and control the transition of the
outer frame assembly 2010 from #ts mverted configuration relative to the mner frame
assembly 2040 to #ts expanded or deploved configuration {(not shown}). In some
embodiments, the actuation wires 2074, 2076 ¢can be manually grasped by a user to puil the
actuation wires proximally. In some embodunents, the actuation wires 2074, 2076 can be
operatively coupled to the dehivery system 2003 such that the user does not bave 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 2003 Varnous

embodiments of a delbivery system are deseribed in more detail below.

{06186] FIGS, 53-36 dlustrate a delivery system 2105 and method for delivering and
deploying a prosthetic heart valve 2100 into a heart. The prosthetic heart valve 2100 {also
referred to herem as “valve™) can be counstructed the same as or similar to, and function the
same as or simular to, any of the valves described herein. Thus, some details regarding the

valve 2100 are not described heremn,

{66187} Ag shown in FIG. 33, the valve 2100 has an outer valve asscrmbly 2110 with
an outer tframe 2120, an joner valve assembly 2140 with an nmer frame 2150, and a tether
2136 coupled to the mner frame 21530, As described above for previous embodiments (e.g.,
valve 100, 200, 300 etc.), the outer frame 2120 and the inner frame 2130 of valve the 2100
can each be formed with a shape-memory matenal and have a biased, expanded or deployed
configaration. The valve 2100 can also include an outer covering 2130, The outer frame
2120 and the mner frame 2150 can be moved to a collapsed or endeployed configuration for
delivery of the valve 2100 to the heart m which the outer frame 2120 is in an invered
configuration relative to the tmer frame 2130, In thus example method of prepaning the valve
2100 for delivery to the heart, the outer frame 2120 of the valve 2100 1s first disposed in the
prolapsed or inverted configuration as shown in FIG. 53 Specifically, the elastic or
superelastic stucture of outer frame 2120 of valve 2100 allows the owter frame 2120 to be

disposed i the prolapsed or nverted configuration relative to the inner frame 2150,

{80188} To dispose the outer frame 2120 o its inverted configuration, the outer frame
2128 15 folded or nverted distally such that the cuter frame 2120 is pomted away from the
mner frame 2150, With the outer frame 2120 1n the inveried configuration, the valve 2100
can be placed within a Jumen of a delivery sheath 2126 as shown m FIG. 53 for delivery of

the valve 2100 to the left atmum of the heart. As discussed above, by disposing the outer
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frame 2120 of the valve 2100 i the mveried configuration, the valve 2100 can be collapsed
mto a smaller overall diameter, 1.¢., placed in a smaller diamcter delivery sheath, than would
be possible if the valve 2100 were collapsed radially when the joner frame 2150 and the outer
frame 2120 are disposed concentric to one another. Said another way, when the two frames
{i.e., the mner frame 2130 and the outer frame 2120} are concentric, the outer frame 2120
must be collapsed around the inner frame 2150, whereas in the jnverted configuration, the
two frames are coaxial but not concentric, such that the outer frame 2120 can be coliapsed

without needing to accommodate the inner frame 2 150 nested inside it

33189 In this embodiment, a valve holder 2138 {also referred to as a “pusher™) is
coupled to the inner frame 2150, In this manner, the valve holder 2138 can be used o hold
the valve 2100 to aid i the control and manipulation of the valve 2100 as 1t 1s being deploved
within a heart. In addition, the valve holder 2138 can hout radial expassion of the tnner
frame 2150 as the valve 2100 is moved within the humen of the debivery sheath 2126 and
during deployment. o this embodiment, the valve holder 2138 1s coupled to the mmner frame
2150 via couplers 2106 that are attached to the mner frame 2130 and that can be releasably
received within corresponding recesses 2104 defined in the valve holder 2138 as best shown
i FIGS. 58A-538C. In this embodiment, the couplers 2106 are in the form of a T-bar or
hamumer shape. B should be understood that couplers with other configurations and shapes

can be used.

06196G] As shown m FIG. S8A, the couplers 2106 are received within the recesses
2104 and the valve 2100 and the valve holder 2138 can be disposed within the himen of the
delivery sheath 2126, The mner diameter of the delivery sheath 2126 can be sized such that
when the valve bolder 2138 and wvalve 2100 arc disposed thercin, the couplers 2106 are
unable to exat the recesses 2104, In other words, the mner walls of the delivery sheath 2126
maintain the couplers 2106 within the recesses 2104, When the valve 2100 13 moved ocutside
of the delivery sheath 2126, the couplers 2106 will be able to frcely exit the recesses 2104

releasing the tnner frame 2130 from the valve bolder 2138

{86191} In altemative entbodiments, the valve holder 2138 can be removably coupled
to the valve 2100 {e.g., the mmer frame 2150 of the valve 2100} via wires or sutures that can
be cut after delivery of the valve 2100 to he heart. In some cases, the valve holder 2138 can
be decoupled from the valve 2100 when the valve s still disposed within the delivery sheath
2126, while 10 other mstances the valve holder 2138 can be decoupied from the valve 2108

after the valve 2100 cxuts the delivery sheath 2126 within the heart.
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{06192 Although not shown, m other embodiments, the valve holder can contact and
push the valve 21006 towards the distal cod portion of the delivery sheath 2126, as described
for previous embodiments, without secuning the inner frame 2150 to the valve holder 2138,
in such embodiments, in some mnstances, radial expansion of the mper frame 2150 can be

restricted by the delivery sheath 2126 when the mner frame 2150 is disposed therein

{63193} As with the embodiment of FIG. 52, wn this embodiment a first actuation wirg
2174 and a second actuation wire 2176 are coupled to the outer valve assembly 2110, More
specifically, the outer frame 2120 of the outer valve assembly 2110 ncludes loops 2162
through which the first and second actuation wires 2174 and 2176 can be threaded or
recetved therethrough. In this embodiment, the outer frame 2120 includes 12 loops 2162,
The acteation wire 2174 1s threaded through 6 of the loops 2162 and the actuation wire 2176
18 threaded through 6 of the loops 2162, In other embodiments, there can be a different
aumber of loops disposed on the outer frame 2126 and there can be more than two actuation
wires o7 a single actuation wires. Further, cach actuation wue can be threaded or received

through a different mumber of loops than shown for this embodiment.

{80194] When the valve 2100 1s disposed within the hmen of the delivery sheath 2126
as shown m FIG. 33, the actuation wires 2174 and 2176 extend out the distal end of the
delivery sheath 2126, along the outside of the delivery sheath 2126, back through side
apertures 2109 defined by the delivery sheath 2126, within the fumen of the delivery sheath
2126 and the two end portions of cach of the actuation wires extend out a proximal end of the
debivery sheath 2126, A wuser {e.g., physician} can grasp (directly, or via a control device, not
shown) the end portions of the actuation wirgs 2174, 2176 to manipulate and control
movement of the valve 2100 during deployment within a beart as descrbed in more detail
below. As deseribed previously, m some embodiments, the actuation wires 2174, 2176 can
be operatively coupled to the debivery system such that the user does not have to mamsally
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 systom 2105,

{06195 The procedure to deliver the valve 2100 to the heart can be the same as or
similar to any of the procedures described heremn or in “372 PCT Application mcorporated by
reference above. For example, the valve 2100 can be delivered to the left atrium of the heart
in the same or similar manner as described above with reference to FIGE. 43-48. With the
distal end portion of the delvery sheath 2126 disposed within the left atrium of the heart, the

valve 2100 can be deployed outside of the dehiverv sheath 2126, In thus embodiment, to
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deploy the valve 2100, the user can pull proximally on the actuation wires 2174 and 2176 to
puil the outer frame 2120 out of the delivery sheath in a condrolled manner and such that the
reversion of the outer frame 2120 from s wmverted configuration relatve to the mner frame
2150 can be controlled. In some cases, the tether 2136 coupled to the valve 2100 can be ased
to help pull the valve 2100 out of the humen of the delivery sheath 2126, Alternatively, or in
addition to, the valve holder 2138 can be used to push the valve 21006 distally out of the
delivery sheath 2126, Thus, the valve 2100 can be moved outside of the delivery sheath 2126
by pushing with the valve holder 2138, pulling with the tether 2136, and/or pulling on the
actuation wires 2174 and 2176, As the vabve 2100 exits the lumen of the delivery sheath
2126, the outer framne 2120 exits first 1o 1ts mverted configuration as shown i the progression
of FIGS, §3-56. When the outer frame 2120 15 at least partially outside of the humen of the
delivery sheath 2126, the cuter frame 2120 can begin to revert {o its expanded or deploved
configuration, as shown in the progression of FIGS. 54-36, which can be simular to the
progression described above with respect to FIGS. 1321 and valve 300, In this embodiment,
however, as shown in FIGS. 33-56, the actuation wires 2174 and 2176 can be used to
selectively {cg., bv an operator) assist and/or conirol expansion, deplovment aod/or
articulation of the valve 2100 as the valve 2100 15 delivered 1o the heart. As shown n the
progression of FIGS. 54-56, as the outer frame 2120 15 moved outside of the tumen of the
delivery sheath 2126 using the actuation wires 2174 and 21796, the outer frame 2120 can be
transttioned from its mverted configuration to its expanded configuration as shown 1n FIG.

55.

6196 In addition, m some mstances, the actuation wires 2174 and 2176 can assist in
the articulation and placement of the valve 2100 mto s destination {¢.g., a native annulas of
an atrioventricolar valve of a heart). For example, as shown in FIG. 56, the actoation wires
2174 and 2176 can also be used to constrain, collapse, or otherwise bias the valve 2100 {c.g.,
radially compress the outer frame 2120 of the valve 2100} after the valve 2100 exits the
delivery sheath 2126 and is in its reverted, expanded or partially expanded configuration. In
this manuner, the actuation wires 2174 and 2176 can be used to move or urge the valve 2180
to a smaller configuration (1.¢., smaller than 1ts fully deploved, unbiased configuration). This
may be desirable, for example, to reposttion the valve 2100 withm the heart before fully

deployving the valve 2100, This is best shown by the sequence between FiG. 55 and Fi(z. 36,

{86197} As shown m FIG. 55, when the outer frame 2120 of the valve 2100 s disposed

m its pon-nverted and at least partially expanded configuration, the valve 2100 has a
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diameter DI Ag shown in FIG. 56, when the outer frame 2120 of the valve 2100 is then
moved 1o a compressed or restrained configuration, the valve 2100 bas a diameter D2, As

shown, D1 s greater than D2

{36198 When the valve 2100 is positioned in a desired location within the heart, the
actuation wires 2174 and 2176 can be released such that the outer fame 2120 can then move
to its expanded configuration. The inner frame 2150 of the valve 2100 can then be moved
distally out of the debivery sheath 2129 by moving the valve holder 2138 distally and/or by
puiling on the tether 2136, When the valve holder 2138 15 outside of the delivery sheath 2126
a sufficient distance to clear the recesses 214, the couplers 2106 on the inner frame 2150 can
freely be moved out of the recesses 2104, decoupling the inner frame 2130 from the valve

holder 2138,

{0199 The actuation wires 2174 and 2176 can be decoupled from the outer frame
2120 either before or after deploying the 1nner frame 2150, For exaraple, i this embodiment,
to decouple the actuation wives 2174 and 2176 from the outer frame 2120, one end of cach of
the actuation wires 2174, 2176 can be pulled proximally, which will pull the opposite end of
the actuation wires 2174 and 2176 out through the loops 2162, In alicmative embodiments,
where the actuation wires are tied or otherwise attached to the outer frame, the actuators can

be cut, for example, to release the cuter frame from the actuation wires.

32006 Fuarther, the actuation wirgs 2174 and 2176 can be decoupied from the cuter
frame 2120 at any soitable seguence or time peried withio the procedure. For example, in
some mnstances, the actuation wires 2174 and 2176 can be released afier the valve 2100 has at
least partially extted the delivery sheath 2126 but before the valve 2100 18 scated within the
native anmdus of the atrioveninicular valve. In other mstances, for example, the actuation
wires 2174 and 2176 can be released after the valve 2100 has at least partially exited the
delivery sheath 2126 and after the valve 2100 is seated within the native annulus of the

atnovenincular valve.

{80241} FIG. 59 dlustrates another embodiment of a delivery system 22035 that can be

13

ased to deliver and deploy a prosthetic heart valve 2200 (also referred to herein as “valve™)
within a heart s a procedure simifar to or the same as the procedures descnbed above with
respect to previous cmbodiments.  Thus, some details regarding the valve 22006 and
procedures performed therewith are not descnbed herein. It should be understood that for

features and functions not specifically discussed, those feabires and functions can be the same
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as or similar to the valves described above. The valve 2200 can be constructed the same as or
sinular to, and function the same as or similar to anv of the valves described herein. For
example, the valve 2200 includes an outer valve assembiy 2210 that has an outer frame 2220,
an mner valve assembly 2240 that has an inner frame 2250, and a tether 2236 coupled to the

mner valve assembly 2240,

{06202 As with previcus embodiments, the valve 2200 can be moved from a hiased
expanded configuration to an mverted configuration for delivery of the valve 2200 to the
heart. More specifically, to place the valve 2200 in the mverted configuration, the outer
frame 2220 can be moved to an wverted configuration relative to the inner frame 2250, In
this embodiment, the valve 2200 is placed at least partially within a lumen of an inoer sheath
2208 when the valve 2200 15 m the moverted configuration, and disposed vear a distal end of
the wer sheath 2208, A valve holder 2238 19 also disposed within the lumen of the tnner
sheath 2208, The mner frame 2250 can be releasably coupled to the valve holder 2238 with
couplers 2206 1 the same o7 sinular manner as desenbed above for valve 2100, Similarly,
the outer frame 2220 includes loops 2262 through which actuation wires 2274 and 2276 can
be threaded through m the same or simular manner as described above for valve 2100, The
mner sheath 2208 is movably disposed within an outer delivery sheath 2226, As shown in
FIG. 39, a portion of the valve 2200 1s disposed outside of the tnner sheath 2208 and within
the fumen of the outer delivery sheath 2226, In some cases, the entire valve can be disposed
within the lumen of the mner sheath 2208 prior to performing the procedure to deploy the

valve.

{66203 In this embodiment, the mner sheath 2208 defines side apertures 2209 through
which the actuation wires 2274 and 2276 can pass through. More specitically, as shown
FIG. 59, when the valve 2200 18 disposed within the lumen of the mner sheath 2208, the
actuation wires 2274 and 2276 extend proximally from the outer frame 2220, along the
outside of the inner sheath 2208 and within the lumen of the outer delivery sheath 2226, back
through side apertures 2209 defined by the tnner sheath 2208, within the hummen of the roner
sheath 2208, and the two end portions of each of the actuation wires 2274 and 2276 extend
out a proximal end of the toner sheath 2208, A user {(¢.g.. physician) can grasp the end
portions of the actuation wires 2274, 2276 to manipulate and control movement of the valve
2200 during deployment within a heart as descnbed above for valve 2100, As described
previously, in some embodiments, the actuation wires 2274, 2276 can be operatively coupled

to the defivery system such that the aser does not have to manually handle the actuation
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wires. For example, the actuation wires 2274, 2276 can be coupled to a delivery sheath

and/or to a handle assombly (not shown} of the delivery systern 22035

{6204 In this embodiment, at feast a portion of the actuation wires 2274 and 2276
can be disposed within the uderior of the delivery sheath 2226, thus himiting the exposure of
the actuation wires 2274, 2276 1o arcas external to the delivery sheath 2226 for at least a
portion of the delivery and/or deployment of the valve 2200, The proximal end portions of
the actuation wives 2274, 2276 can be used by the operator performing the delivery procedure
to manipulate and control the deployment of the valve 2200, Although the side apertures
2209 defined by the inner sheath 2208 arc shown as disposed at or near the distal end portion
of the mner sheath 2208, in other embodiments, side apertures 2209 can be disposed at any
suitable location along the length of the inner sheath 2208 {e. g, towards a middie portionora

proximal portion of the management sheath).

06205] In this embodiment, to deliver the valve 2200 to the heart, the distal end of the
guter debivery sheath 2226, with the valve 2200, mner sheath 2208 and valve holder 2238
disposed theren, is disposed within the left atrium of the heart. The delivery sheath 2226 can
be pulled proximally to expose a portion of the valve 2200 and/or the 1nner sheath 2208 and
valve holder 2238 can be moved distally to move at least the outer frame 2220 of the valve
2200 outside of the delivery sheath 2226, The actuation wires 2274 and 2276 can then be
psed to pull the distal end portions of the outer frame 2220 (e.g.., where the loops 2262 of the
outer trame 2220 are disposed) proxmmally to revert the outer frame to an uwmnverted
configuration relative to the inmer frame 2250, In addition, the tether 436 can also be vsed to
help pull at least a portion of the valve 2200 out of the fumen of the nner sheath 2208 and the
fumen of the outer dehivery sheath 2226 dunng the delvery of the valve 2200 as discussed
above for previous embodiments.  Alternatively, or 1w addition to, the valve holder 2238 can
be used to deliver and deploy the valve 2200, Thus, the valve 2200 can be deploved by

pushing with the pusher device 484, pulling with the tether 436, or both.

{6206] When the outer frame has been reverted, |, the mner frame 2250 can be moved
distally out of the inner sheath 2208 and decoupled from the valve holder 2238 1 the same
manner as deseribed above for valve 2100, When released from the valve holder 2238, the
>
mner frame 2250 can assume a biased expanded configuration. The actuation wires 2274 and
2276 can also be released from the owter frame 2220 in the same manner as described above

for valve 2100, With both the outer frame 2220 and mner frame 2250 disposed within the
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atrium and in their biased expanded configurations, the valve 2200 can be scated 10 a desired

position within the native anoulus of the atnoverdricular valve {¢ g, the mitral valve).

{66207] FIG. o0 dlustrates another embodiment of a delivery system that can be used
to deliver and deploy a prosthetic heart valve 2300 (also referred to as “valve”) within a heart
m a procedure similar o or the same as the procedures described above with respect to
previous embodiments,  Thus, some details regarding the valve 2300 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 fo the valves and associated components described

above for previous embodiments.

{06208 As shown mn FIG. 60, the valve 2300 has an ocuter valve assembly 2310 that
has an outer frame 2320, an inner valve assembly 2340 that has an mner frame 2350 and a
tether 2336 coupled to the mmer valve asserably 2340, As with previous ernbodiments, the
valve 2300 can be moved from a biased expanded configuration {0 an inverted configuration
for delivery of the valve 2300 to a heart. More specifically, to place the valve 2300 1 the
mverted configuration, the oufer frame 2320 can be moved to an inverted configuration
relative to the mer frame 2350, In this embodiment, the valve 2300 is placed at least
partially within a famen of an inner sheath 2308 when the valve 2300 s in the wverted
configuration, and disposed near a distal end of the mner sheath 2308, A valve holder 233%
1s also disposed within the lumen of the inner sheath 2308, The mmer frame 2350 can be
releasably coupled to the valve holder 2338 with couplers 2306 received within recesses 2304
defined by valve holder 2338 m the same or similar manner as described above for valve
2106, Suwdardy, the outer frame 2320 includes loops 2362 through which actuation wires
2374 and 2376 can be threaded through m the same or similar manver as described above for
valve 2104 The inper sheath 2308 iz movably disposed within an outer delivery sheath
2326. As shown i FIG. 60, a portion of the valve 2300 is disposed outside of the mner
sheath 2308 and within the lumen of the outer delivery sheath 2326, In some cases, the entire
valve can be disposed within the fumen of the inner sheath 2308 prior to perfornung the

procedure to deploy the valve,

{80209] In this embodiment, the actuation wires arg routed from the outer frame 2320
of the valve 2300, into the lumen of the outer delivery sheath 2326, through a distal end
opening of the mner sheath 2308 and mnto the fumen of the joner sheath 2308 The wire

actuators 2374 and 2376 extend proximally along an outer surface of the valve holder 2338,
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and the two end portions of cach of the wire actuators 2374 and 2376 extend out a proximal
end of the inner sheath 2308, Thus, a user {o.g., physician} can grasp the end portions of the
actuation wires 2374, 2376 to manipulate and control movement of the valve 2300 during
deployment within a heart as described above for valves 2100 and 2200, As described above,
m some embodiments, the acteation wires 2374, 2376 can be operatively coupled to the
delivery system 2303 such that the user does not have to manually handle the actuation wirgs,
For example, the actuation wires 2374, 2376 can be coupled to a delivery sheath and/or to a
handle assembly {not shown} of the delivery systern 2305, As described for the previous
crabodiment, with the actuation wires 2374 and 2376 disposed within the interior of the
delivery svstem {e.z., the lumen of the delivery sheath 2326 and lumen of the tnmer sheath
2308}, hmuts the exposure of the actuation wires 2374, 2376 {o arcas external to the delivery

system 2303 for af least a portion of the delivery and/or deployment of the valve 2300,

{00216 FIG. 61 dlustrates a variation of the delivery system 2305 i which the

-r
7
I

actuation wires 2374 and 2376 are routed or passed botween the outer delivery sheath 2326
and the inner sheath 2208 (e, throush the lumen of the outer delivery sheath 2326 and

gxternal to the nner sheath 2308).

{06214 The delivery svstem 2305 (e, shown i FIG. 59 and FIG. 60), can be used 1n
a procedure simular {0 or the same as the procedures described above with respect to valve

2200 to deliver and deploy the valve 2300 within a heart.

{60212] FIG. 62 dlustrates another emnbodiment of a delivery system that can be used
to deliver and deploy a prosthetic heart valve 2400, In this embodiment, a procedure similar
to or the same as the procedures described above with respect o previous embodiments can
be performed to debiver the prosthetic heart valve 2300 {(also referred to herein as “valve™)
Thus, some details regarding the valve 2400 and procedures performed therewith are not
described herem. It should be understood that for features and functions not specifically
discussed, those features and functions can be the same as or similar o the valves and

assoctated components descenbed above for previcus cutbodiments,

{06213} As shown in FIG. 62, the valve 2400 mchides an outer valve assembly 2410
having an outer frame 2420, an mner valve assembly 2440 having an oner frame 2430 and a
tother 2436 coupled to the ioner valve assembly 2440 As described above for previous
embodiment, the outer frame 2420 of the valve 2400 can be moved between a biased

expanded configuration and an imverted configuration i which the outer frame 2420 is
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mverted relative to the inner frame 2450, In this embodiment, with the outer frame 2420 in
the mverted configuration, the valve 2400 s placed at least partially within a fomen of an
mner sheath 2408, and disposed near a distal end of the joner sheath 2408, A valve holder
2438 s also disposed within the lumen of the inner sheath 2408, The mer frame 2450 is
releasably coupled to the valve holder 2438 with couplers 2406 in the same or similar manner
as described above for valve 2100, Sumilarly, the outer frame 2420 includes loops 2462
through which actuation wires 2474 and 2476 can be threaded through in the same or sinnlar
manner as described above for valve 21000 The inner sheath 2408 i3 movably disposed
within an outer delivery sheath 2426, As shown in FIG. 62, a portion of the valve 2400 15
disposed outside of the nner sheath 2408 and within the lumen of the outer dehivery sheath
2426. In some cases, the entive valve can be disposed within the lumen of the inner sheath

2408 prior to performing the procedare to deploy the valve.

{80214} in this embodiment, the actuation wires 2474 and 2476 are routed from the
outer frame 2420 of the valve 2400, into the lumen of the outer delivery sheath 2426, through
side apertures 2409 defined by the mner sheath 2408 and into the Tumen of the inner sheath
2408, and then through apertures 2407 defined by the valve holder 2438 and within a lumen
defined by the valve holder 2438, The two end portions of cach of the actuation wires 2474
and 2476 extend out a proximal end of the humen of the valve holder 2438 Thus, auser{cg.,
physician} can grasp the end portions of the actuation wires 2474, 2476 1o manipulate and
control movement of the valve 2400 during deplovment within a heart as described above for
previous embodiments. As described above, 1n some embodiments, the actuation wires 2474,
2476 can be operatively coupled to the delivery svstem 2408 such that the user does not have
to mamually handle the actuation wirgs. For example, the actuation wires 2474, 2476 ¢an be
coupled to a delivery sheath and/or to a handle assembly (not showny of the delivery system
2405 The debivery systom 2403 can be used m a procedure similar to or the same as the
procedures deseribed above with respect to valve 2400 to dehiver and deploy the valve 2400

within a heart.

j6215] In an alternative embodiment (not shown), mcluding a delivery apparatus that
mclodes an outer delivery sheath, an tnner sheath and a valve holder, the actuation wires can
be routed or passed from a distal end of the valve, through a hwen of the outer delivery
sheath, through a distal end opening of the valve holder, and through a lumen of the valve
holder. In some embodiments, the actuation wires can be routed from the outer frame of the

valve, through side apertures defined by the outer delivery sheath, into the humen of the
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delivery sheath, through a distal end opening of the mner sheath and mto the humen of the
mner sheath, through side apertures of the valve holder and into the lumen of the valve
hoider. In other embodiments, various other routing paths for the actuation wires can be
defined depending on the particular configuration of the dehvery sheath {e.g., with or withoat
side apertures), the mmer sheath {¢.g , with or withowt side aperturgs) and/or the valve holder

{with or without a lumen and/or with or without side apertures).

{8021 6] FIGS, 63-71 illustrate a delivery system 2305 for delivering and deploying a
prosthetic heart valve, such as, prosthetic heart valve 2500, within a heari, au,ordmg 10
ancther embodiment. The prosthetic heart valve 2500 (also referred to herem as “valve™) can
be constructed the same as or similar to, and function the same as or similar to any of the
valves described heremn.  Thus, some details regarding the valve 2500 are not described
herein. As shown i FIG. 63, the valve 2500 has an outer valve assembly 2510 with an onter
frame 2520 and an inner valve assembly 2340 with an mner frame 2550, and a tether 2536
coupled to the inner frame 25350, As described above for previous embodiments {e.g.. valve
130, 280, 300 etc.}, the outer frame 2520 and the mner frame 2550 of valve the 2500 can each
be formed with a shape-memory material and have a biased, expanded or deploved
configoration. The outer frame 2320 and the over frame 2550 can be moved to a collapsed
or undeploved configuration for delivery of the valve 2300 to the heart i which the outer
frame 2520 15 mverted relative 1o the ner frame 2530, To prepare the valve 2300 for
delivery to the heart, the outer frame 2520 of the valve 2500 1s first disposed in a prolapsed or
mverted configuration as shown in FIG. 63, Spectfically, the elastic or superelastic structurs
of outer frame 2520 of valve 2500 allows the outer frame 2520 1o be disposed in the

prolapsed or nverted configuration relative to the inmer frame 2550 as described above, for

exarmple with respect to valve 100,

{60217} For example, to dispase the outer frame 2520 in its mverted configuration
relative to the inner frame 23550, the outer frame 2520 15 folded or inverted distally such that
the outer framae 2520 15 pointed away from the ioner frame 2550, With the outer trame 2120
m the wverted configuration, the valve 2500 can be placed within a tumsen of the delivery

~

system 250

(J!

as shown 1 FIG. 63 for delivery of the valve 25060 to the [eft atrivm of the heart.
As discussed above, by disposing the outer frame 2520 of the valve 2500 in the inverted
configuration, the valve 2300 can be collapsed wito a smaller overall diameter, 1.6, placed m

a smaller diameter delivery sheath, than would be possible if the valve 2300 were collapsed

LA
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radially when the mner frame 2550 and the outer frame 2520 are disposed concendric to ong

anather.

{6218 In this cmbodiment, the delivery system 2505 includes an outer delivery
sheath 2326, an 1oner sheath 2508, a valve holder 2538 (also referred to as a “pusheryand a
multi-himen elongate tube member 2503 (also referred to as “tube” or “tobe member” or
“multi-fumen clongate member™}. As shown in FIGS. 63 and 68-70, the tube member 2503
is movably disposed within a lumen 2382 detined by the wner sheath 2508, The mner sheath
2508 18 moovably disposed within the lumen 2582 and within a lumen 2580 defined by the
tabe member 2503, The valve holder 2538 15 movably disposed within a first lumen 2583
and a second humen 2585 defined by the inner sheath 2508 that are in fluid communication

with cach other.

{80219 To deplov the valve 2300 within a heart, the owter frame 2520 of the valve
2500 18 first moved or placed in iis mverted configuration relative to the joner frame 2550
As shown in FIG. 63, a portion of the valve 2300 1s placed within the Tamen 2382 of the ocuter
sheath and a portion of the valve 25060 s placed within the humen 2583 of the inner sheath
2508, As described above for previous embodunenis, when the valve 2300 15 placed within
the delivery system {¢.g., outer sheath 2526 and wmer sheath 2508) the valve 2500 can be

compressed or collapsed to a smaller configuration {¢.g., a smaller outer perimeter).

30226} The mner frame 2350 can be releasably coupled to the valve holder 2538 via
couplers 2506 that are received within corresponding recesses 2504 defined by the valve
holder 2538 1o the same manner as deseribed above for delivery svstem 2105 (see, e.g, FIGS,
58A-S8C). In this manner, the valve holder 2538 can be used to hold the valve 2500 to axd
the control and manipulation of the valve 23500 as it is being deployed within a3 heart. In
addition, the valve holder 23538 can limit radial expansion of the inner frame 2550 as the
valve 2500 1s moved within the Jumen of the delivery sheath 2526 and dunng deployment
guiside of the debivery sheath 2526, As described above for valve 2100, an mner diameter
2582 of the inner sheath 2508 can be sized such that when the valve holder 2538 and valve
2500 are disposed therein, the couplers 2306 are unable to exat the recesses 2304, 1o other
words, the fmmner walls of the inver sheath 2508 maintain the couplers 2306 within the
recesses 25304, When the valve 2500 1s moved cutside of the imner sheath 2508, the cooplers
2506 will be able to freely exif the recesses 2504, releasing the juner frame 2356 from the

valve holder 2338,
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{06221} in alternative embodiments, the valve holder 2338 can be removably coupled
to the valve 2500 {c.g., the mner frame 2530 of the valve 2300) via wires or sutures that can
be cunt after delivery of the valve 2500 to he heart. In some cases, the valve holder 2538 can
be decoupled from the valve 2500 when the valve s still disposed within the ouoter delivery
sheath 2526, while in other instances the valve holder 2538 can be decoupled from the valve

2500 after the valve 2500 exits the delivery sheath 2526 within the heart.

{00222 Although not shown, in other embodiments, the valve holder 2538 can merely
condact and push the valve 2500 dunng deplovment, as described for previous erabodiments,
withowt securing the inner frame 2530 to the valve holder 2538 In such embodiments, in
some instances, radial expansion of the inner frame 2556 can be restricted by the inper sheath

2508 when the inner trame 2550 is disposed therein.

{02234 in this embodiment a first actuation wire 2576, a second actuation wire 2574,
a third actuation wire 2376 and a fourth actuation wive 2577 are each coupled to the outer
valve assembly 2510, More specifically, the outer frame 250 of the outer valve assembly
2516 meludes loops 2562 through which the actuation wires 2574-2577 can be threaded or
recoived therethrough. o this embodiment, the outer frame 2320 ocludes 12 loops 2562 and
cach actuation wire 2574-2577 18 threaded through 3 of the loops 2562, In other
embodiments, there can be a different mumber of loops disposed on the cuter frame 2520 and
there can be a different number of actuators. Further, cach actuation wire can be threaded or

received through a different number of loops than shown for thus embodiment.

{60224} When the valve 2500 1s disposed within the delivery system 2505 as shown,
for example, 1 FIG. 63, the actuation wires 2574-2377 cach exiend from the ocuter frame
2520 proximally within the humen 2582 of the outer sheath and along an ouiside wall of the
imner sheath 2508, arc tucked or placed behind one or more seals 2381 or other holding
device, and pmmed by an clongate pinung member 25781, 2578-2, 2578-3, 23784
{collectively referred to as pmning members 2578} {0 the tube member 2503, The scal 2581
can be configured such that the actuation wires 2574-2577 can siide relative to the seal 2581

during actuation and deplovment of the valve 2500 as described in more detadl below.

{06225] As shown i FEGS. 63 and 68-70, a first end of the actuation wire 2374 and a
first end of the actuation wire 2575 are pinned by a piening member 2378-2, and a fust end
of the actuation wire 2576 and a frst end of the actuation wire 2577 are pinned by a pinning

member 2578-1. A second end of the actuation wire 2574 and a second end of the actuation

Lo
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wire 2576 are pinned by a pinning member 25784 (not shown 1 the partial cross-sectional
views of FIGS. 63 and 68-70), and a second end of the actuation wire 2375 and a second end
of the actuation wire 2577 are pinned by a pinning member 2578-3 (not shown m the partial
cross-sectional views of FIGS. 63 and 68-70). The sccond ends of the actuation wires are

shown detached in FIGS. 63 and 68-70 for ease of illustration.

{88226} FIG. 64 13 a cross-sectional vigw taken along boe 64-64 1 FIG. 63 and
illustrates the pinning of the actuation wires 25742577, The actuation wires 2574-2577 arc
shown unattached to the outer frame for illustration purposes.  FIG. 67A illustrates the
actuation wire 25374 and is representative of the other actuation wires 2575-2577. FIGS. 678,
678 and 67C dlustrate aliernative erubodiments for the actuation wires labeled 25747, 25747

and 2574777 Ag shown i FIG. 67A, the actuation wires 2574-2577 cach include a loop on
both ends of the actuation wire, which is pinmed by the pinning members 2578 In FIG. 678,
the proning members can pin the smaller loop on one end of the actuation wire 23747 and the
end of the larger loop on the oppostic end of the actuation wire 253747, fo FIG, 67C, the
actuation wire 247577 18 in the form of a closed loop and cach end of the loop can be pioned
bv a pinning member. In FIG. 670, the actuation wire 257477 includes two clongate loops
and a center smalier foop. In this embodiment, the actuation wire 257477 ¢an be proned by
three pinning members, a first pinning member can pin an end of one of the larger loops, a
second pioning member can pin an end of the other larger loop, and the small loop can be
pinned by a third pinning member. In cach of the embodiments of FIGS. 67B-67D, a double
fayer of the actuation wirg would be passed or threaded through the loops of the outer frame

of the valve. Other aliernative configurations can also be used.

[06227] Asg shown 1o FIGS 65 and 66A, the multi-lumen tube member 2503 defines
four pinning member lumens 2379-1, 2579-2,) 2579-3, 2579-4 {collectively referved to as
pinning member lomens 2579, The end portions of the actuation wires 2374-2577 are
placed within the circumferential recess or groove 2584 defined by the tube member 2503,
where the pinning merabers 2578 are received through the loops on the ends of the actuation
wires 2574-2577, pinming the actuation wires 2574-2577 to the tube member 2503, Thus,
during deploymem of the valve 2500 within a heart, a user {¢.g., physician} can use the tube
member 2503, to which the actuation wires 2374-2577 are coupled, to control and/or

manipulate movement of the valve 2500 as deseribed in more detail below.

{30228 FIGS. 668 and 66C, dlustrate an alternative embodiment of a mali-lumen

tube menmber 2603 that can be used with a distal retention element 2686 as shown m FIG.
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668, or a distal retention element 2786 as shown in FIG. 66C. The distal retention elements
2686 and 2785 can be disposed abutting a distal end of the vwlti-lumen tube member 2603
and can define at least 1n part a recess area 1o receive the loop ends of the actuation wires, and
can provide increased overall strength and durability to the multi-lumen tube member 2603
during debivery and deplovment of the prosthetic valve. The distal retention clement 2634,
2786 can be formed with the same or a differont material as the multi-lumen tube menmber
2603, In some embodiments, in may be desirable for the distal retention element 2686, 2786
to be formed of a material having greater strength characteristics than the sndti-himen tube
member 2603, For example, the distal retention clement 2686, 2786 can be formed with a

metal or ngid plastic,

[06225] As shown in FIGS. 568 and 66C, the mulii-lumen tube member 2603 {also
referred to herem as “tube member”) can define a conter tumen 2680 and multiple pinning
member lumens, mcluding pinning member lumens 2679-3 and 2679-4 {coliectively referred
0 as 2679 shown in FIGS. 668 and 66C that can receive therein pianing members, such as
pinmng members 2578-3 and 2578-4, respectively.  Although not show, the tube member
2603 can also define pinning member lomens that can receive pinming members 2578-1 and

2578-2 as shown for tube member 2303 n Fi(z. 865,

{86238 As shown in FIG. 66B, the distal retention element 2686 can be received
within the lumen 2680 and can define a lomen 2687 through which the vaive holder 2538 can
be shdably received. Although not shown, the distal retention clement 2686 can be coupled
to the tube member 2603 using various different coupling methods. For example, m some
embodments, the distal retention element 2686 can be bonded to the tube member 2603, In
some embodiments the distal retention clement 2686 can include a feature(s), such as barbs,
that allow 1t to be mserted mito the tube member 2503, but not removed.  In some
embodiments the distal retontion cloment 2686 can include noiches that interlock with a
corresponding feature o the tube member 2603 and/or the tube member 2603 can be reflowed
or molded over the retention element 2686, Varnous other coupling methods and/or
corobinations of securement strategies could be used to couple the distal retention element
2686 1o the tube member 2603, In some embodiments, the distal retention element 2686 can
extend proxumally within the fomen 2680 of the tube member 2603 and be coupled at a

proximal end portion of the tube member 2603

{00231 The distal retention olerment 2686 also defines pivuing merober lumens 2669

that align with the pinning member tumens 2679 of the multi-lumen tube member 2603 such
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that the pinning members 2578 can be received therein. A proximal shoulder 2688 can be
disposcd abutting a distal end of the mulii-lumen tube member 2603, The distal retention
clement 2686 also defines a circumforential rocess area 2684 defined between the proximal
shoulder 2688 and a distal end portion of the distal retention clement 2686, As shown in
FIG. 668, the loop ends of the actuation wires 2574-2577 can be reccived within the recess
arca 2684 and pinned by the pinoing mentbers 25378 as described above for nwiti-lumen tube

member 2503,

0232 FIG. 660 illustrates a distal retention element 2786 disposed abutting the
distal end of the multi-lumen tube member 2603, As with the previous embodiment, the
distal wetention element 2786 can be received within the lomen 2680 and can define a lumen
2787 through which the valve holder 2538 can be slidably reccived. The distal retention
clement 2786 can be coupled to the wbe member 2603 i the same manner as described
above for distal retention element 2686, The distal retention clement 2786 also mncludes a
proximal shoulder 2788 configured to abut the distal cnd of the multi-lumen tube member
2603, The distal retention element 2786 also defines a aircumferential recess arca 2784 that
can receive the loop ends of actuation wirgs 25747°-25777, which can be pinned by the
proning members 2378 (2578-3 and 2574-4 shown in FIG. 66C)  In this exampie, the
actuation wires are configured as a closed loop as shown for actuation wire 23747 1 Fi(r.

67C.

062334 The procedure to deliver the valve 2500 1o the heart can be the same as or
similar to any of the procedures described herein or in 572 PCT Application mcorporated by
reference above. For example, the valve 2300, disposed within the delivery system 2505 n
an toverted configuration, can be delivered to the eft atrium of the heart in the same or
siratlar manner as described above with reforence to FIGS. 43-48. With the distal cod portion
of the delivery sheath 2526 disposed within the left atvium of the heart, the valve 2500 can be
deployed outside of the delivery sheath 2526, For example, as shown in FIG. 68, the nner
sheath 2308, valve holder 25348 and tube member 2503 can be moved distally relative to the
outer sheath 2526, moving or pushing the valve 2500 outside the tumen 2382 of the outer
sheath 2326, 1o addition. or altemagively, the outer sheath 2526 can be moved or pulled
proximally, leaving at least a portion of the valve 2500 disposed within the beart. o some
cases, the tether 2536 coupled to the valve 2500 can be used to help pull the valve 2500 out

of the lumen of the outer sheath 2526,
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{66234} As described above for previous embodiments, as the outer {rame 2520
becomes unconstrained by the outer sheath 2526, the outer frame 2520 can begin to revert io

577 can be used to

s expanded or umnverted configuration. The actuation wires 2575-2
control the reversion of the outer frame 2528, More specifically, the tube member 2503 can
be pulled proximally such that the actuation wires {pinned to the fube member 2503} pall the
distally dispased portion of the outer frame 2520 proximally {as showe in FiG. 69} m a
controlled manner and such that the reversion of the oufer frame 2320 from its mverted

configuration relative to the mner frame 2556 can be controlied.

2351 In addition, in some wstances, the actuation wires 2574-2577 can assist i the
articulation and placement of the valve 2506 mto us destination {¢.g., a native annulus of an
atnioventricular valve of a heart). For example, as shown in FIG 70, the actuation wires
2574-2577 can also be used fo constrain, collapse, or otherwise move the valve 2500 {eg,
radially compress the cuter frame 2520 of the valve 2500} after the valve 2500 exits the outer
sheath 2526 and is in s rovered, expanded or partially expanded configuration. More
specifically, in this embodiment, the tube member 2503 with the actuation wires 2574-2377
pinned thereto, can be manipulated by a user to move or wrge the outer frame 1o a more
compressed configuration (as shown in FIG. 70) by pulling or moving the tobe menvber 2503

proximally. This may be desirable, for example, to reposition the valve 2500 within the heart

before fully deploving the valve 2500,

{06236 Refermnng back to FIG. 69, when the outer frame 2520 of the valve 2500 1
disposed in its non-mveried and at least partially expanded configuration, and is in a desired
positon within the heart, the inner frame 2550 can be deploved. As described above for valve
23100, 1o decouple the inner frame 2550 from the valve holder 2538, the valve holder 2538
can be moved distally and/or the inner sheath 2308 can be moved proxamaliy such that the
valve holder 2538 1s disposed cutside of the lamen 2583 of the inner sheath 2508, Ag such,
the couplers 2306 can be reloased from the recesses 2304 releasing or decoupimg the foner
frame 2350 from the valve holder 2538 In some embodiments, the tother 2536 can be pulled
to help move the toner frame 2350 outside of the mner sheath 2508, When the mner frame
2550 is released from the valve holder 2538 and disposed outside the mner sheath 2508, the

mner frame 2550 can assume s biased expanded configuration.

{06237} The actuation wires 2574-2577 can also be released or decoupled from the
outer frame 2520 before or after the mner frame 2550 1s released form the valve bolder 2538

To decouple the actuation wires 2574-2577 from the outer frame 2520, one end of each of the
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actuation wires 2574-2577 can be unpinned or decoupled from the tubular member 2303, For
cxample, as shown n FIG. 71, the pinniong momber 2578-3 (See FIG. 64} can be withdrawn
proximally from groove 2584 such that the second e¢nd of the actuation wire 2577 and the

second end of the actuation wire 2575 are each released or unpinned from the tube member
2503, but remain pinned by pioning members 2578-2 and 2578-1, respectively.  Similardy,
the pioning member 2578-4 {(see FIG. 64} can be withdrawn proximally from groove 2584
such that the sceond end of the actuation wire 2574 and the second end of actuation wire
2576 can cach be released or vopinned from the tube moember 2503, but remain pinned by
pinung merbers 2578-2 and 2378-1, respectively. With one end of each of the actuation
wires 25375-2577 coupled to the tube member 2503 {(via pinning members 2578-1 and 2578-2
mn this example}, the tabe member 2503 can be pulled proximally, which 1n tarn will pull the
opposite ends of the actuation wirgs 2574-2577 out of the loops 25362 of outer frame 2520
Thus with the actuation wires 2574-2577 detached from the outer frame 2520, the outer

frame can assume a biased expanded or partially expanded configuration.

{30238 Although in the above example, the pinming members 2578-3 and 2578+4 arc

77
i

shown withdrawn 1o release the ends of the actuation wires 2574-2577, alternatively, the
pioning members 2578-1 and 2578-2 can be withdrawn leaving the actuation wires 2574-
2577 pimned by pinndog members 2578-3 and 2578-4. Further, the actuation wires 2574~

2577 can be decoupled from the outer frame 2520 at any suitable sequence or ime period
within the procedore. For example, in some instances it may be desimable for the actuation
wires 2574-2577 to be released after the valve 2500 has at least partially exited the delivery
sheath 2526 but before the wvalve 2500 13 seated within the natve annulus of the
atnioveniricular valve. In other instances, for example, the actuation wires 2574-2577 can be

released after the valve 2500 has at least partially exited the outer delivery sheath 2526 and

after the valve 2500 is scated within the native annulus of the atrioventricular valve.

{06239 FIG. 72 is a Howchart iHustrating a method of delivenng and deploying a
prosthetic mitral valve within a heart. The method mceludes at 2889, inserting a distal end
portion of a procedural catheter through a puncture site at the apex of the heart, and
positioning the distal end within the left ventricle of heart. At 2891, a guide wire s mserted
through the procedural cathetor and a distal end of the guide wire s moved mio the left
atrium of the heart. At 2892, a distal end portion of the gwide wire 15 captured with a snare
and pulled through a delivery sheath. The delivery sheath can be mserted through a puncture

site, for example, 1o the femoral vein as described above with refercace to FIGS. 4348, In
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some embodiments, the delivery sheath can be mserted through a different puncture site and
mserted transatrially (e, directly mto the loff atrium) or transjugularly. At 2893, g leader
tube 13 moved or run over the guide wire from ouiside the apex, through the heart and out the
puncture site. At 2894, the guide wire can be removed through the apex puncture site on the

heart. At 2895, the nose cone of a balloon dilator member on the leader tube can be imflated.

{00244 At 2896, the delivery sheath with a prosthetic valve disposed therein in an
mverted configuration along with the leader tube arc moved 1ato the left atrivm of the heart.
For example, the outer frame of the valve 1s in an inverted configuration relative to the mwner
frame of the valve. At 2897, the leader tube can be removed through the apex puncture sife
of the heart. At 2898, the prosthetic valve is deploved into the left atrium of the heart such
that prosthetic valve reverts and assumes a biased expanded configuration.  For exanple, m
some embodiments, the outer frame of the valve can be moved to an un-inverted or expanded
configuration relative to the muer frame by actuating actuation wires coupled to the outer
frame. At 2899, the prosthetic valve 15 positioned within the native wuftral annulus, the

procedural catheter can be removed and an epicardial pad 15 secured to the apex of the heast,

{06241 While various embodiments have been descnbed above, it should be
understood that they have been presented by way of example only, and not linutation. Where
methods desenbed above indicate certamn events occurning i certain order, the ordering of
certain events may be modified.  Additionally, certain of the events may be performed
concurrently m a parallel process when possible, as well as performed sequenually as

described above

{06242} Where schematics and/or embodiments desenbed above indicate certam
components arranged n certain orientations or positions, the arrangement of components may
be modified. While the embodiments have been particudarly shown and described, it will be
understood that various changes m form and detals may be made.  Any portion of the
apparatus and/or methods deseribed hergin may be combined 1n any combination, except
mutually exchusive combinations. The embodunents described herein can include various
combinations and/or sub-combinations of the functions, components, and/or featurcs of the

different embodiments described.

{00243] For example, although vot specifically described for cach embodiment, any o
the embodiments of a delivery system can include a dilator device or member such as balloon

dilator member 1711 shown and descnibed with respect to FIGS. 43-48 and the method of
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delivery of FIG. 72, Further, the prosthetic heart valves described herein can be secured to a

heart using an gpicardial pad device as described with respect to FIGS, 43-48 and 72,

{0244 Forther, although not shown, any of the embodiments of a delivery device or
system can include a handle or handle assemblv to which the various delivery sheaths and
components can be operatively coupled and which a user {(¢.g., physician} can grasp and use

o manipulate the delivery device or system.

0245 In addition, the systems and methods descnibed berein can also be adapted for
use with a prosthetic tricuspid valve, For example, in such a case, a procedural catheter can
be wmserted 1nto the right veuotricle of the heart, and the delivery sheath delivered to the rght

atrium of the heart etther divectly {transatnial}, or via the jugular or fomoral ven.
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Wheat is claimed is:
L An apparatus, comprising:

a prosthetic heart valve including an inner frame and an outer frame coupled 1o the
mner frame at a plurality of couphing joints, the plurality of coupling joints configured to
atlow the outer frame to be moved relative to mner frame such that the prosthetic valve can
be moved between a first configuration and a second configuration,

the outer frame having an outer frame coupling portion coupled to the mner frame at
the plurality of coupling joints and an ocuter frame free end portion, the nner frame having an
mner frame coupling portion coupled to the outer frame at the plurality of coupling joints and
an inner frame free end portion,

the outer frame free end portion and the inper frame free end portion cach opening in
the same direction when the prosthetic valve is in the first configuration, the outer frame free
end portion and the inner frame frec end portion opening in opposite directions when the

prosthetic valve is in the second configuration.

2. The apparatus of claim 1, wherein cach coupling joint from the plurality of coupling
joints ncludes a hving hinge disposed between the inner frame and the outer frame, the living
hinge including a hinge member formed with one of a polymer, a tissue and a superelastic

material.

3. The apparatus of claim 2, wherein the hinge member is coupled o the mner frame and

coupled to the outer frame with one or more strands of suture.

4, The apparatus of claim 1, wherein each coupling jomt from the plurality of coupling
joints inciudes a tab disposed on the mner frame nterlocked within a slot defined by the outer

frame.

5. The apparatus of claim 1, wherein each coupling jomt from the plumlity of coupling
joints inchudes at least one strand of suture wrapped throogh at least one of an opening

defined in the inner frame and an opening defined in the outer frame.
5. The apparatus of claim 1, wherein each coupling jomt from the plurality of coupling

joints includes a pin disposed through an opening defined by the inner frame and an opening

defined by the outer frame.
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7. The apparatus of claim 6, wherein each coupling joint from the plurality of coupling
joints further inchudes an interface elomont disposed between the tnner frame and the outer

frame.

8. The apparatos of claim 1, wherein cach coupling joint from the plurality of coupling
. £ ] $ £
joints includes at least one tether inserted through at least one opentng defined i the 1oner

frame and at least ong opening defined i the outer frame.

9 An apparatus, comprising:

a prosthetic heart valve including an inner frame and an outer frame coupled 1o the
mner frame at a plurality of couphing joints, the plurality of coupling joints configured to
atlow the outer frame to be moved relative to mner frame such that the prosthetic valve can
be moved between a first configuration and a second configuration,

the outer frame having an outer frame coupling portion coupled to the mner frame at
the plurality of coupling joints and an ocuter frame free end portion, the nner frame having an
mner frame coupling portion coupled to the outer frame at the plurality of coupling joints, a
first end portion and an nner frame free end portion on an opposite end of the nner frame
from the first end portion,

the plurality of coupling joints being 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 plurality of coupling joints bemng disposed between the mer frame free
end portion and the outer frame free end portion when the prosthetic valve is in the second

configuration.

1 The apparatus of claim 9, wherein each coupling joint from the plurality of coupling
joints includes a Hving hinge disposed between the inner frame and the outer frame, the living
hinge including a hinge member formed with one of a polvmer, a tissue and a superelastic

material.

[ The apparatus of claim 16, wherein the binge member 1S coupled to the nner frame

and coupled to the outer trame with one or more strands of sutwre.

12. The apparatus of claim 9, wherein cach coupling joint from the plurality of coupling
joints includes a tab disposed on the nner frame interlocked within a slot defined by the outer

{frame.
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13 The apparatus of claim 9, wherein cach coupling joint from the plurality of coupling
joints inchudes at least one strand of suture wrapped through at least one of an opening

defined in the nner frame and an opening defined in the outer frame.

14 The apparatus of claim 9, wherein cach coupling joint from the plurality of coupling
joinis includes a pin disposed through an opening defined by the inper frame and an opening

defined by the outer frame.

15 The apparatus of claim 14, wherein each coupling joint from the plurainy of coupling
joints further includes an interface element disposed between the nner frame and the outer

frame.

16.  The apparatus of claim 9, wherein cach coupling jomnt from the plurality of coupling
joints inchudes at least one tether inserted through at least one opening defined 1 the tnner

frame and at least one opening defined in the outer frame.

17 The apparatus of claim 9, wherein each coupling jomt from the plurality of coupling
joints inciudes at least one teother inserted through at Ieast one of an opening defined m the
mner frame or an opening defined in the outer frame, and a living hinge member coupled to

the mmner frame and coupled to the outer frame.

8. The apparatus of claim 9, wherein the outer frame mchides a first frame portion and a
second frame portion, the first frame portion is coupled to the inmer frame at the plurality of
coupling joints, the second frame portion is coupled to the first frame portion with a plurality
of first outer frame coupling jomts, the plarality of first cuter frame coupling jomnts

configured to allow the first frame portion to move relative to the second frame portion.

18, The apparatus of claim 18, wheremn the outer frame includes a third frame portion, the
third frame portion s coupled to the second frame portion at a plurality of sceond cuter frame
coupling joints, the plurality of second outer frame coupling joints configured to allow the

third frame portion to move relative to the second frame portion.
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20, An apparatus, comprising;

a prosthetic heart valve including an inner frame and an outer frame coupled to the
mnet frame at a plurality of coupling joinis, the prosthetie valve bemg movable between a
first configuration and a second configaration,

the plurality of coupling joints configured to allow the outer frame o be moved
between a first position relative to the 1nner frame and a second position relative to tnner
frame in which the outer frame 1s inverted relative to the inner frame,

the prosthetic valve being in the first configuration when the outer frame is in the first
position,

the prosthetic valve being i the second configuration when the outer frame is inthe

second position.

21, The apparatus of claim 20, wheremn the prosthetic valve 1s movable to a third
configuration when disposed within a lomen of a delivery sheath while in the second
configuration, the prosthetic valve defining a smaller suter perimeter when in the third

configuration than 1o the second configuration and when in the first configuration.

22 The apparatus of claim 20, whersin the mner frame and the outer frame collectively
define a first length when the prosthetic valve is in the first configuration and a second length
when the prosthetic valve is in the seccond configuration, the second length being greater than
the first length, a length of the mner valve being the same when the prosthetic valve s m the

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

23. The apparatus of claim 20, wherem the plurality of coupling jomts are contigured 1o

allow the ouler frame to be rotated relative to the inner frame o move the outer frame

between the first position and the second position.

24 The apparatus of clatm 20, wherein the plurality of coupling joints are configured to
allow the outer frame to be prvotally moved relative to the inner frame o move the outer

frame between the first position and the second position.
25 The apparatus of claim 20, wherein the outer frame axially overlaps the inner frame a
first portion of the length of the suter frame when the prosthetic valve is in the first

configuration, the outer frame axially overlaps the 1oner frame a second portion of the length
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of the outer frame when the prosthetic valve 1s in the second configuration, the first portion

being greator than the second portion.

26. An apparatos comprising:

a prosthetic valve including an oner frame and an outer frame coupled o the inner
frame at a plurality of coupling joints, the plurality of coupling joints configured to allow the
outer frame to be moved relative to imner frame such that the prosthetic valve can be moved
between a first configuration and a second configuration,

the outer frame and the wmoer frame collectively defining a first length of the
prosthetic valve when the prosthetic valve is i the first configuration and a second length of
the prosthetic valve when the prosthetic valve 1s i the second configuration, the second
fength being greater than the first length,

the mner frame having a length, the length of the inner frame bong the same when the

prosthetic valve is i both the first configuration and the second configuration,

27 An apparatus, comprising:

a dehivery sheath defining a lumen;

a valve holder movably disposable within the humen of the delivery sheath;

a prosthetic heart valve disposed at least partially within the lumen of the delivery
sheath in a collapsed configuration, the prosthetic heart valve 1ncluding ap outer frame
coupled to an inner frame, the inoer frame being removably coupled to a distal end portion of
the valve holder,

the outer frame being movable between a first configuration relative to the mner
frame and a second configuration relative 1o the inner frame  which the outer frame is
mverted relative to the mner frame, the prosthetic heart valve being disposed within the
fumen of the delivery sheath with the outer frame in the second configuration;

a first actuation wire reicasably coupled to a first portion of an open free end portion
of the outer frame; and

a second actuation wire releasably coupled to a second portion of the open free end
portion of the suter frame,

cach of the first actuation wire and the second actuation wire having 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 configured to be pulled proximally o urge the outer frame fron the

second configuration towards the first configuration relative to the mmer frame.
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28, The apparatus of claim 27, wherein the outer frame includes a plurality of loop
members including at least a fuirst loop member and a second loop member disposed at the
open free end portion, the first actaation wire being mserted through at least the first loop
member from the plurality of loop members to releasably couple the first actuation wire to
the outer frame, the second actuation wire being mserted through at least the second loop
member from the plurality of loop members {o releasably couple the seccond actuation wire {6

the outer frame.

29 The apparatus of claim 27, wherein the first portion of the first actuation wire and the
second portion of the first actuation wire cach exiend proximally from the outer frame and
through a first side aperture defined by a wall of the delivery sheath and within the himen of
the delivery sheath, and the first portion of the second actuation wire and the second portion
of the second actuation wire cach extend proximally from the cuter frame and through a
second side aperture defined by the wall of the delivery sheath and within the lomen of the

delivery sheath,

34 The apparatas of claim 27, further comprising:
an outer sheath, the delivery sheath being movably disposed within a hunen defined

by the outer sheath.

31 The apparatus of claim 27, further comprising:

an outer sheath, the delivery sheath being movably disposed within a lumen defined
by the outer sheath,

the first portion of the first actuation wire and the second portion of the first actaation
wire cach extending proximally from the cuter frame and through a distal opening defined by
the delivery sheath and within the lumen of the delivery sheath, and the first portion of the
second actuation wire and the second portion of the second actaation wire each extending
proximally from the outer frame and through a distal opening defined by the delivery sheath

and within the humen of the delivery sheath.

32, The apparatus of claim 27, further comprising:
an outer sheath, the delivery sheath being movably disposed within a hunen defined

by the outer sheath,
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the first portion of the first actuation wire and the second portion of the first actuation
wire cach extending proximally from the outer frame and through the lumen of the outer
sheath and along an outside wall of the delivery sheath, and the first portion of the sccond
acteation wire and the sccond portion of the second actuation wire each extend proximally
from the outer frame and through the lumen of the outer sheath and along an outside wall of

the delivery sheath,

33, The apparatus of claim 29, wherein the first portion of the first actuation wire and the
second portion of the first actuation wire cach extend from within the lumen of the delivery
sheath through side apertures defined by the valve holder and within 2 lumen defined by the
valve holder, and the first portion of the second actuation wire and the second portion of the
second actuation wire each extend from within the lumen of the delivery sheath through side

apertures defined by the valve holder and within the umen of the valve holder,

34 The apparatus of claim 27, wherein the mner frame includes a plurality of couplers,
the valve holder defining a plurality of recesses, each coupler from the plurahity of couplers
configured to be received within a different recess from the plurality of recesses to releasably

couple the mmer frame to the valve holder.

W
[

An apparatus, comprising’
an outer sheath defining a lumen;
an inner sheath movably disposed within the lomen of the outer sheath and defimng a
himen;

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

a valve holder movably disposed within the lumen of the inner sheath and withina
fumen defined by the tube momber;

a prosthetic heart valve disposed at least partially within the lumen of the outer sheath
and at least partially within the honen of the mner sheath,

the prosthetic heart valve including an outer frame coupled to an mner frame, the
mner frame being rermovably coupled 1o a distal end portion of the valve holder,

the outer frame being movable between a first configuration relative 1o the mner
frame and a sccond configuration relative to the 1mer frame in which the outer frame s

mverted relative to the inner trame, the prosthetic heart valve being disposed within the
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himen of the outer sheath and the lumen of the mner sheath with the outer frame i the
second configuration;

a first actuation wire releasably coupled to a first portion of an open tree end portion
of the outer frame and releasably coupled to the tube member at a Hrst location on the tube
member; and

a second actuation wire releasably coupled to a second portion of the open free end
portion of the outer frame and releasably coupled to the tube member at a second location on

the tube member.

36, The apparatus of claim 35, wherem the tumen of the tube member 15 a first lumen, the
first actuation wire s coupled to the tube member with a first pinning member, and the

second actuation wire is coupled to the tube member with a second pinning member, the first
pinning reember being movably disposed within a second himpen defined by the tube member,
the second pinning member being movably disposed within a third homen defined by the tube

member.

37 The apparatus of claim 35, wherein the outer frame includes a plurality of loop
members including at least a first loop member and a second loop member disposed at the
open free end portion, the first actuation wire being inserted through at least the first loop
member from the plurality of loop members to releasably couple the first actuation wire to
the outer frame, the second actuation wire being mserted through at least the second loop
member from the plurality of loop members {o releasably couple the seccond actuation wire {6

the outer frame.

38, The apparatus of claim 35, whersin the mner frame includes a plurality of couplers,
the valve holder defining a plurality of recesses, each coupler from the plurality of couplers
configured to be received within a different recess from the plurality of recesses to releasably

couple the mmer frame 1o the valve holder.

39 The apparatus of claim 35, wherein the first actuation wire extends between the first
location on the outer frame and the first location on the tube member proximally from the
outer frame through the lumen of the outer sheath and along an outside wall of the mmer
sheath,

the second actuation wire extends between the second ocation on the outer frame and
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the second location on the tube member proximally {from the outer frame through the lomen

of the outer sheath and along an outside wall of the joner sheath.

4th, The apparatas of claim 35, wherein the first actuation wire meludes a loop configured
to be pinned by the first pioming member to releasably couple the first actuation wire to the
tube member, the second actuation wire mciudes a loop configured to be puned by the

second pinmung wire to releasably couple the second actuation wire to the tube member.

41 The apparatus of claim 33, further comprising:

a third actuation wire releasably coupled to a third portion of the open firee end
portion of the cuter frame and releasably coupled to the tube member at a third location on
the tube member; and

a fourth actuation wire releasably coupled to a fourth portion of the open fiec end
portion of the cuier frame and releasably coupled (o the tube member at a fourth location on

the tube member.

42 The apparatus of claim 36, further comprising:

a third actuation wire releasably coupled to a third portion of the open free end
portion of the cuter frame and releasably coupled to the tube member at a third location on
the tube member; and

a fourth actuation wire releasably coupled to a fourth portion of the open free end
portion of the cuier frame and releasably coupled (o the tube member at a fourth location on
the tube member.

the thard first pioning roember being movably disposed within a third lumen defined
by the tube member, the fourth pinning member being movably disposed within a fifth lumen

defined by the tube memtber.

43, A method, comprising:

maerting 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 fumen of the delivery
sheath, the prosthetic mitral valve having an owter frame coupled to an inner fraroe, the outer
framne bemg movable between a first posttion relative to the inner frame and a second
position relative to the imer frame m which the outer frame is mverted relative to the ner
frame, the prosthetic mitral valve being disposed within the umen of the delivery sheath with

the outer frame in the sccond positon relative o the wuer frame;
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moving the prosthetic mitral valve distally out of the delivery sheath;

causing the outer frame of the prosthetic mitral valve to revert back 1o the fust
posinon relative 1o the inmer frame such that the prosthetic mitral valve at least partially
assumes a blased expanded configuration; and

positioning the prosthetic mitral valve within a mitral anmudus of the heart,

44, The method of claim 43, wheremn the outer frame s coupled to the mner frame with a
plurality of coupling joints such that the outer frame can be moved between the first posttion

relative o the inner fraroe and the sccond position relative to the inner frame.

45 The method of claim 43, wheremn the causing the outer frame (o revert back to the first
position relative to the inmer frame meludes pulling proximally a first actuation wire and a
second actuation wire, the first actuation wire being releasably coupled to a first portion of an
open free end portion of the outer frame, the second actuation wire being releasably coupled

to a second portion of the open free end portion of the outer frame.

46, The method of claim 43, wheren the causing the outer frame to revert back to the first
position relative to the inmer frame meludes pulling proximally a tube member movably
disposed within the lomen of the delivery sheath, the tube member being coupled to the outer
frame via a Orst actuation wire and a second actuation wire, the first actuation wire being
releasably coupled to a fivst portion of an open free end portion of the outer frame and having
a first portion releasably coupled to the tube member at a first location on the tube member
and a sccond portion releasably coupled to the tube member at a second location on the tube
member,

the second actoation wire being releasably coupled to a second portion of the open
free end portion of the outer frame and having a first portion releasably coupled to the tube
member at a third location on the tube member and a second portion releasably coupled to the

tube mentber at a fourth location on the tube member,

47 The method of claim 43, wheremn the moving the prosthetic mitral valve distally out
of the delivery sheath includes at least in part, moving distally an inver sheath movably
disposed within the delivery sheath, the prosthetic mitral valve being at least partially

disposed with a lumen of the nner sheath.
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48. The method of claim 43, wheremn the moving the prosthetic mitral valve distally out
of the delivery sheath includes at least in part, moving distally a valve holder movably
disposed within the delivery sheath, the valve holder bemg releasably coupled to the joner

frame of the prosthetic mitral valve.

49, The method of claim 43, further comprising:

after causing the ounter frame of the prosthetic mitral valve to revert back to the first
position relative to the inner frame and prior to positioning the prosthetic mitral valve within
a puitral annulus of the heart, releasing the first actuation wire from ong of the first location
on the tube member and the second location on the tube member;

releasing the second actuation wire from ong of the third location on the tube member
and the fourth location on the tube member; and

after releasing the first actuation wire and the second actuation wire, puiling the tube
member prosimally sach that the first actuation wire and the second actuation wire are

released from the outer frame.

50, The method of claim 45, further comprising:

after the cansing the ounter frame to revert back to the first position relative to the inner
frame and the prosthetic mitral valve at least partially assumes the biased expanded
configuration, pulling proximally on the first actation wire and the second actuation wire o
move the outer frame to at least a partially radially collapsed configuration outside of the

delivery sheath.

51, The method of claim 45, further comprising:

after the cansing the ounter frame to revert back to the first position relative to the inner
frame and the prosthetic mitral valve at least partially assumes the biased expanded
configuration, pulling proximallv on the tube momber to move the outer frame to at least a

partially radially collapsed configuration cutside of the delivery sheath.
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